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Abstract

Background: With thousands of health apps in app stores globally, it is crucial to systemically and thoroughly evaluate the
quality of these apps due to their potential influence on health decisions and outcomes. The Mobile App Rating Scale (MARS)
is the only currently available tool that provides a comprehensive, multidimensional evaluation of app quality, which has been
used to compare medical apps from American and European app stores in various areas, available in English, Italian, Spanish,
and German. However, this tool is not available in Arabic.

Objective: This study aimed to translate and adapt MARS to Arabic and validate the tool with a sample of health apps aimed
at managing or preventing obesity and associated disorders.

Methods: We followed a well-established and defined “universalist” process of cross-cultural adaptation using a mixed methods
approach. Early translations of the tool, accompanied by confirmation of the contents by two rounds of separate discussions, were
included and culminated in a final version, which was then back-translated into English. Two trained researchers piloted the
MARS in Arabic (MARS-Ar) with a sample of 10 weight management apps obtained from Google Play and the App Store.
Interrater reliability was established using intraclass correlation coefficients (ICCs). After reliability was ascertained, the two
researchers independently evaluated a set of additional 56 apps.

Results: MARS-Ar was highly aligned with the original English version. The ICCs for MARS-Ar (0.836, 95% CI 0.817-0.853)
and MARS English (0.838, 95% CI 0.819-0.855) were good. The MARS-Ar subscales were highly correlated with the original
counterparts (P<.001). The lowest correlation was observed in the area of usability (r=0.685), followed by aesthetics (r=0.827),
information quality (r=0.854), engagement (r=0.894), and total app quality (r=0.897). Subjective quality was also highly correlated
(r=0.820).

Conclusions: MARS-Ar is a valid instrument to assess app quality among trained Arabic-speaking users of health and fitness
apps. Researchers and public health professionals in the Arab world can use the overall MARS score and its subscales to reliably
evaluate the quality of weight management apps. Further research is necessary to test the MARS-Ar on apps addressing various
health issues, such as attention or anxiety prevention, or sexual and reproductive health.

(JMIR Mhealth Uhealth 2020;8(3):e16956)   doi:10.2196/16956
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Introduction

Background
Preventing noncommunicable diseases (NCDs) is a major public
health priority [1], globally and in the Arab region, where heart
disease, diabetes, hypertension, stroke, and other cardiovascular
disorders are commonly observed in both low-income and
high-income countries [2]. The prevalence of overweight ranged
from 19% to 57% in the Middle East and North Africa (MENA)
region, and from 6% to 53% in the Eastern Mediterranean area
[3], but it reached higher levels in high-income countries of the
Gulf, such as Kuwait and the United Arab Emirates [4]. Similar
trends are observed for type 2 diabetes (an estimated 9% of the
population), which is projected to affect 60 million Arabs in
2030 [5].

Mobile apps provide a unique opportunity to address NCDs
worldwide [6,7], as these technologies are available among both
high- and low-income populations [8]. In the world, there are
more than 7 billion mobile subscribers [9] (3.4 billion of whom
are mobile phone users) [10]. Recent systematic reviews provide
some evidence of the efficacy of mobile health (mHealth) apps
for promoting dietary self-regulation [11] and weight
management [12-18]. In 2017, there were more than 350,000
mHealth apps available in Web-based stores [19], offering a
wide variety of services for primary or secondary prevention
[20]. The global health app market was worth US $25 billion
in 2017 and US $37 billion in 2019, and it is projected to reach
US $72 billion in 2020 [21]. In the Arab world, the mHealth
market is also rapidly growing and is expected to reach US $1.3
billion by 2019 [22]. However, the market is extremely volatile
and unstable; in some cases, app turnover can be 3.7 days in
Google Play (for Android phones) and 13.7 days in App Store
(for iOS phones) over 9 months [23]. Some research shows that
many apps are downloaded less than 500 times, or never used
[24]. Qualitative studies show that users stop using health apps
because of hidden costs, increased data entry burden [25], and
low engagement [26]. From a content point of view, apps
generally lack evidence-based and theoretical support [27,28].
The instability and unpredictability of the health app market
pose several challenges for both experts (ie, health professionals
and researchers) and laypersons (ie, customers, end users, and
patients), who need appropriate tools to decide which apps are
worth using and recommending.

Evaluating app quality has become a fundamental task for
researchers, as the failure to accurately and adequately evaluate
health app quality might compromise end users’well-being and
decrease their confidence in the technology [23]. Various
frameworks and tools exist to evaluate app quality [29], but
they generally lack multidimensionality and cultural flexibility,
focusing on either information content, functionality, usability,
accountability, impact, or popularity dimensions [29,30].

The Mobile App Rating Scale (MARS) [31] is a
multidimensional comprehensive tool for assessing the quality
of mHealth apps for experts. According to the scale developers,

MARS includes 19 questions or items, which have been
logically grouped according to objective dimensions of
engagement (five items), functionality (four items), aesthetics
(three items), and information quality (seven items). The
instrument also includes four items that are deemed more
subjective as they include questions such as the following:
“Would you recommend this app to people who might benefit
from it?” “How many times do you think you would use this
app in the next 12 months if it was relevant to you?” “Would
you pay for this app?” and “What is your overall 5-star rating
of the app?”

In the development of MARS, the authors involved a
multidisciplinary team of designers, health professionals, and
developers [31], making the scale user friendly, dependable,
and broadly applicable to different health apps. MARS has been
used by trained raters to evaluate apps addressing a wide range
of behaviors and health-related issues, such as drunk-driving
prevention [32], speech sound disorders [33], self-care
management of heart failure symptoms [34], mental health and
mindfulness [35], quality of life [36], weight loss and smoking
cessation [37], or weight management, including physical
activity and calorie counting apps [38]. A simplified version
for end users (user version of the MARS, uMARS) has also
been developed [39]; it includes the same domains of the MARS
tool, using simplified language and omitting items that would
require rater expertise, so that it can be used without training
and by laypersons or end users [31].

The MARS tool has been recently translated into Italian [40],
Spanish [41], and German [42], and there are ongoing projects
for translating it into nine other languages. However, there is
currently no instrument for assessing the quality of health apps
in Arabic. The Arab world geographically includes Africa
(Algeria, Comoros, Djibouti, Egypt, Libya, Mauritania,
Morocco, Somalia, Sudan, and Tunisia), Middle East, and parts
of Asia (Bahrain, Iraq, Jordan, Kuwait, Lebanon, Oman,
Palestine/Israel, Qatar, Saudi Arabia, Syria, the United Arab
Emirates, and Yemen). Even though the original MARS tool
could be used by Arabs who are also fluent in English, the
majority of people living in the MENA region have “very low”
English proficiency, according to the Education First English
Proficiency Index [43]. With a growing mHealth market in the
Arab world, along with growing public health concerns about
NCD trends in the region, there is an urgent need for tools such
as MARS to be available for Arabic-speaking health
professionals and end users in the region.

Objectives
This study aimed to fill the gap by adapting the MARS in Arabic
(MARS-Ar) and validating the instrument with a sample of
popular weight management apps, available in the category
“Health and Fitness” in the app stores of the Arab world.
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Methods

Study Design Overview
This study followed a well-established and so called
“universalist approach” [44], which is based on the assumption
that an individual’s response to any given question or concept
depends on the individual’s culture [45]. We followed a similar
procedure used by researchers who developed and validated the
MARS tool in Italian [40] and German [42]. This process
comprises several phases, including (1) translation and cultural
adaptation with back-translation, (2) review, (3) piloting, and
(4) validation or psychometric evaluation. The local Institutional
Review Board approved the study protocol and research
procedures involving human subjects on November 1, 2018
(ref. nr: SBS-2018-0394). In the section below, we describe the
process of translation and cultural adaptation, including the

review and piloting phases. In the results section, we describe
the results of the validation or psychometric evaluation of the
MARS-Ar tool.

Phase 1: Translation and Cultural Adaptation Process
The MARS tool was first translated in Arabic by a professional
English-Arabic translator, with expertise in technological topics,
who was recruited from a pool of contractors of the American
University of Beirut. The translated instrument was broken
down into sections and parts, including titles, introductory
paragraphs and instructions, and the actual MARS items, with
several answer options. MARS was segmented into 59 parts;
the translated parts were laid out in a table with the original
English version. Each segment was associated with a unique
identifier (see Figure 1) so that it would be easier to identify
any editing modifications and quantitative ratings for the
translation provided by experts.

Figure 1. Format of the document used in the Mobile App Rating Scale-Arabic translation process.

Phase 2: Review
The review phase comprised two rounds of Web-based
consultations among Arabic-speaking experts from various
academic and governmental institutions in the MENA region,
who responded to an initial call for Arabic-speaking academics
(language experts, social scientists, computer scientists, and
engineers), practitioners, or app developers who would be
willing to evaluate and provide feedback on the Arabic
translation of MARS.

Recruitment
The research team members sent email invitations to their
personal social networks and to the Public Health in the Arab
World mailing list, a subscription-based email list that focuses

on issues related to public health in the Arab World and includes
more than 1900 subscribers worldwide. The call was also shared
on professional social networking sites (eg, LinkedIn and
ResearchGate) and on the research team members’ personal
social media profiles on Facebook and Twitter. The email and
the social media posts contained a link to a consent form, stored
on MailChimp servers, where interested participants provided
consent for participation in the study.

Between March 26, 2019, and April 17, 2019, 19
Arabic-speaking experts from various academic and
governmental institutions responded to the call and agreed to
participate in the translation and cultural adaptation phase of
the project. Participants included 9 representatives from Lebanon
(the Ministry of Public Health, the American University of
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Beirut, the Lebanese American University, and a local
Nongovernmental Organization), 2 representatives from Egypt
(Alexandria Regional Centre for Women’s Health and
Development and Egypt Health Foundation), 2 representatives
from Jordan (King Hussein Cancer Center and a tech company
ISEET), and 1 representative each from Syria (Action Against
Hunger), Morocco (Faculty of Sciences, University Ibn Tofail,
Kénitra), Qatar (Hamad Bin Khalifa University-College of
Science and Engineering), Saudi Arabia (Saudi Center for
Disease Control and Prevention), the United Arab Emirates
(Specialized rehabilitation hospital and Capital Health), and the
United States (Wayne State University).

Review Consultation Procedures
The research team set up a Web-based consultation system
based on email communications through MailChimp, Google
Docs, and a Web-based survey hosted on the American
University of Beirut servers (LimeSurvey, GmbH) [46]. Enrolled
experts received an email with a Word document containing
the translation and original version of the MARS tool, as shown
in Figure 1. The experts were instructed to (1) download the
Word document on their computer, (2) add comments and edits
to the file using “track changes,” (3) upload the edited document
on LimeSurvey using personalized credentials, and (4) complete
an evaluation form rating the translation for each part. Experts
were asked to rate the appropriateness and accuracy of each
segment using 5-point Likert-type scales (5=very appropriate,
1=very inappropriate and 5=very accurate, 1=very inaccurate).
As the MARS instrument was segmented into 59 parts, each
expert expressed a total of 118 ratings.

Out of the 19 available experts, 14 experts (14/19, 74% response
rate) provided editing suggestions and completed the Web-based
form evaluating the appropriateness and accuracy of the
translated parts. An analysis of the Excel “comment dashboard”
showed that experts provided a total of 287 editing suggestions
for the MARS. In all, 3 reviewers provided editing suggestions
for more than 50% of the MARS parts; 5 reviewers provided

suggestions for more than 30%, and 6 reviewers provided
suggestions for less than 30%. The parts that received the most
editing suggestions (ie, from 10 to 14 reviewers) were the
“Theoretical background/Strategies” and the “Technical aspects
of app” in the “App Classification” section, followed by MARS
item number 1, that is, “Entertainment” (Is the app
fun/entertaining to use? Does it use any strategies to increase
engagement through entertainment, for example, through
gamification?), the description of Section A, that is,
“Engagement” (Engagement—fun, interesting, customizable,
interactive—for example, sends alerts, messages, reminders,
feedback, and enables sharing—and well targeted to audience),
and MARS item number 15 (Quality of information: Is app
content correct, well written, and relevant to the goal/topic of
the app?).

The research team created a matrix in Excel to track all
comments and editing suggestions for each part of the
translation. Each part was represented in rows, and the
reviewers’ comments were organized in columns. This
“comment tracking dashboard” (Figure 2) was used to visually
compare and contrast the comments received from the reviewers,
which were color coded to simplify the reviewing process.

We created a similar matrix in Excel to calculate the level of
agreement among experts. The “Interrater agreement (IRA)
dashboard” (Figure 3) was used to calculate variance, means,
and medians used to establish interrater agreement (IRA)
according to the three families of indices: James et al’s rWG(J)

[47,48] (based on multiple null distributions [49]); Brown and
Hauenstein’s aWG(J) [50]; and the adjusted average deviation
index ADMJ(adj) [51]. IRA was established through pragmatic
and theoretical cutoff points, such as for the rWG(J): no agreement
(<0.29), weak (0.30-0.49), moderate (0.50-0.69), strong
(0.70-0.89), and very strong (>0.90) [52,53]; aWG(J): not
acceptable (<0.59), weak (0.60-0.69), moderate (0.70-0.79),
and strong agreement (>0.80) [50]; and ADMJ(adj): agreement
above 0.80 [51].

Figure 2. Comment tracking dashboard.
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Figure 3. Interrater agreement dashboard.

The “IRA dashboard” showed that the 14 experts rated the
translation as highly appropriate (mean 4.37, SD 0.16; range
4.00-4.69) and accurate (mean 4.26, SD 0.20; range 3.62-4.69).
The level of agreement was acceptable for most items, except
for the “Interactivity” item (the fourth item of the domain
“Engagement”). The level of agreement for the accuracy was
not acceptable only for two parts: the “Theoretical
background/Strategies” and the “Technical aspects of app” in
the “App Classification” section.

The research team also compiled a Word document including
all editing suggestions and comments and printed out the Excel
“comment matrix” to easily visualize the suggestions. The
research team met and discussed each comment, spending more
than 8 hours reviewing the editing suggestions for each part of
the MARS tool. The most debated parts were those including
technical terms such as “goal setting” and “mindfulness” or
“wellness,” which did not find an established equivalent term
in Arabic. Notable changes from the original MARS included
the removal of context-specific references that were not relevant
to the Arab world, such as research funding sources provided
in MARS item number 18 (ie, “Australian Research Council
and National Health and Medical Research Council”). Minor
editing was done in the response options for item number 2 of
“Subjective Quality” (“How many times do you think you would
use this app in the next 12 months if it were relevant to you?”):
the anchor texts were changed to 11-50 to avoid overlap with
the third option choice (3-10).

After the revisions were completed, the research team shared
the edited Word document on Google Docs with the same pool
of reviewers who participated in the first round, who were
invited to comment by email. After 12 days, 5 experts provided
107 additional editing suggestions. For the second round, the
research team did not collect quantitative measures to reduce
the burden on the reviewers, as most of the editing work had
already been done. The research team met once again to address
(accept or reject) all comments and finalized the document.

The final version of the document was sent to a second
professional translator, who was not involved in the process
and had not seen the original MARS tool. The developer of the

MARS approved the back-translation of the MARS-Ar. This
document was used in the validation study (further described
below).

During the validation phase, one of the reviewers suggested
some minor edits in the description of the “App Quality Ratings”
part, in the description of the “Engagement” section, in the
definition of “Target group” (item 5), in the description of the
“Functionality” section, and in the items “Gestural design” (item
9) and “Graphics” (item 11). The research team approved the
changes by circular vote. The final version of the MARS was
then resent to the back-translator for verification. The final
version of the MARS-Ar is available in Multimedia Appendix
1.

Phases 3 and 4: Piloting and Validation

App Selection Process
The research team identified the set of apps to be used in the
piloting and validation phases of the study using the AppAnnie
database (appannie.com), which provides updated rankings and
mobile market data for both Android and iOS stores, under the
section “App Store Rankings,” available after registering for
free. On July 31, 2019, one researcher (MB) navigated the “Top
Charts” section of the database, under the Google Play store,
and filtered the country (Lebanon) and category (Health and
Fitness) and selected the tab “Free” apps, extracting the titles
and links to AppAnnie pages of 500 apps. These apps are listed
under “free,” but in most cases, they operate under the
“freemium” concept, with subscription fees used to remove ads
and unlock complete features [54]. The researcher repeated the
same procedure for the iOS store, as the apps’ rankings are quite
different from the Google Play store, resulting in a second list
of 500 apps. Links to AppAnnie’s webpages and titles of each
app were imported in an Excel spreadsheet, to be screened for
inclusion. The same researcher screened the lists and excluded
irrelevant apps; a second researcher (NA) verified the selection.
Any disagreement was discussed until consensus was reached.
Of the total 1000 apps in both the Google Play store (Android)
and the App Store (iOS), 431 and 455 apps were respectively
excluded as they were not relevant (reasons for the exclusion
are provided in the flowchart in Figure 4).
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Figure 4. App selection process.

For the remaining 69 and 45 apps, the researchers extracted the
following information from the AppAnnie’s database: ranking
in the Health and Fitness category of the respective store
(Google Play or App Store), number of ratings, average 5-star
rating, date of first release, date of last update, number of installs
category, and price (for monthly subscription or yearly
subscription). The dates of the first release and last update were
used to calculate the “app age” in years.

On the basis of the number of ratings and average rating, 7 and
20 apps were excluded from Google Play and App Store lists,
respectively, as they did not receive at least three stars or were
not rated by at least 50 people. The researchers created a
combined database of 78 unique apps that were available from
either Google Play or App Store lists. Of these, nine apps were
excluded as they were available only on the App Store list. The
resulting 69 apps were used to validate the MARS-Ar tool, as
reviewers owned only Android phones. Although there might
be slight differences in the apps across iOS and Android
operating systems, we have already established that these
differences are not substantial [38].

The research team decided that the number of apps was
sufficient to have reasonable empirical assurance and reliability,
based on the intraclass correlation coefficients (ICCs), as
reported in the source study [31], used in the Italian translation
study [40], and on the basis of formulas described in the study

by Zou [55]. For the Italian translation, Domnich et al [40]
calculated a minimum sample size of 41 apps for two raters to
achieve an assurance probability of 0.15 and an empirical
assurance of 90%.

Rater Training
Two researchers (NA and TA), fluent in both Arabic and English
and with a background in pharmacy, public health, and nutrition,
completed independent evaluations of the selected apps. One
of the two researchers was based in Jordan and was familiar
with the MARS, as the researcher had previously used it. The
second researcher was based in Lebanon. Both researchers were
instructed to view the “MARS training video” in English (about
37 min, available on YouTube upon request from the author of
the MARS). Thereafter, they were instructed to download each
app on their phones (F1 Plus x9009 and Samsung S7 Edge, both
with Android 5.1) and use them for at least 10 min, reporting
any incompatibility issues, if they arose. Once the app was
thoroughly tested, they individually and independently
completed a Web-based form containing the MARS-Ar,
available on LimeSurvey. After they completed the review of
the apps in Arabic, they received a link to complete a form
containing the original MARS in English, to establish a
minimum criterion of validity with a validated “gold standard”
instrument. The reviewers did not have access to the information
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related to the apps so that users’ ratings or reviews could not
influence their evaluations.

Piloting and Evaluation
The 2 raters completed a calibration exercise using the first 10
apps in the list to ensure that both understood the meaning of
all terminology correctly and that they could carefully review
and discuss any points of difference in their ratings. We
calculated interrater reliability using ICCs, based on a two-way
mixed effect model in which people effects are random and
measures effects are fixed, based on the example of previous
MARS translation studies [40,42]. Reliability was interpreted
as excellent (ICCs≥0.90), good (ICCs: 0.76-0.89), moderate
(ICCs: 0.51-0.75), and poor (ICCs≤0.50). The ICC based on
the ratings of the first 10 apps (23 items×10=230 decisions per
rater) was moderate (ICC=0.714, 95% CI 0.619-0.785). The
two reviewers met with the first author to discuss every rating
that varied by 2 points or more. During the meeting, both raters
aligned their rating approaches and confirmed their correct
understanding of all MARS-Ar terminology. It was deemed that
no further amendments to the scale were necessary. Finally, the
two raters independently revised their responses and completed
the evaluation of the remaining 59 apps on the list.

Analyses: Reliability and Internal Consistency
To verify whether the two raters provided comparable results
among all the tested apps so that ratings could be aggregated,
we assessed interrater reliability through ICCs, as described
above. Once interrater reliability was ascertained, the individual
ratings for each item of the MARS-Ar and original MARS were
averaged. The resulting items were used to calculate the
respective subdomain scales of engagement, functionality,
aesthetics, information quality, and subjective quality. A total
app quality score was calculated as the average of engagement,
functionality, aesthetics, and information quality.

We also assessed internal consistency as a measure of scale
reliability for the items pertaining to the same subdomain of the
MARS, as reported in the original MARS study [31]. We used
Cronbach alpha indices, interpreted as excellent (≥.90), good
(.80-.89), acceptable (.70-.79), questionable (.60-.69), poor
(.50-.59), and unacceptable (<.50).

As an indicator of validity, we used Pearson correlations
between each subdomain score of the MARS-Ar and the MARS

equivalent. In addition, we correlated the total MARS-Ar score,
the total subjective quality score, and the subjective quality item
number 4 (5-star rating) with the 5-star ratings from the app
store to understand the extent to which reviewers’ opinions
about app quality were aligned with the users’opinions. A cutoff
point of r>0.80 was deemed a sufficient indication of the validity
of the MARS-Ar instrument.

All statistical tests were conducted using SPSS v21 [56] for
macOS (Apple Inc, Cupertino, California).

Results

Evaluated Apps
The two reviewers completed the evaluation of 67 out of 69
selected apps, using MARS-Ar, and 66 apps, using the MARS
English version. One app was incompatible with both test
devices, and 2 apps were not working on one of the two devices
used. Another app became unavailable for one device, as it was
removed from the Google Play store when one of the reviewers
completed the MARS-English form. The dataset of the tested
apps, with statistics about their ranking, ratings, and age (since
their first development), is available in Multimedia Appendix
2 (Excel file).

Interrater Reliability
The ICC based on the ratings for the full set of apps used in the
MARS-Ar evaluation (23×67=1541 decisions per rater) was
good (ICC=0.836, 95% CI 0.817-0.853). Similarly, the ICC for
the English version (23×66=1518 decisions per rater) was also
good (ICC=0.838, 95% CI 0.819-0.855).

Internal Consistency
Table 1 shows the overall descriptive statistics for both
MARS-Ar and MARS English. All domains of MARS-Ar and
original MARS showed good internal consistency. For
MARS-Ar, internal consistency was good for engagement
(Cronbach alpha=.96) and aesthetics (alpha=.94), good for
information quality (alpha=.81), and acceptable for functionality
(alpha=.71). Similar indices were also reported for the original
MARS.

Overall, the tested set of weight management apps had high
functionality and aesthetic scores but low engagement,
information quality, and subjective quality scores.
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Table 1. Summary of Mobile App Rating Scale in Arabic and Mobile App Rating Scale-English items and subdomains means, SDs, and Cronbach
alpha coefficients.

Mobile App Rating Scale in EnglishMobile App Rating Scale in ArabicMobile App Rating Scale domains and subdomains

AlphaMean (SD)AlphaMean (SD)

.953.12 (0.93).952.94 (0.99)Engagement

2.78 (0.93)2.69 (1.01)A1: Entertainment

3.21 (1.05)2.87 (1.15)A2: Interest

2.86 (1.24)2.69 (1.29)A3: Customization

2.85 (1.14)2.66 (1.23)A4: Interactivity

3.89 (0.64)3.78 (0.62)A5: Target group

.734.12 (0.32).724.11 (0.38)Functionality

4.00 (0.53)3.91 (0.71)B1: Performance

4.20 (0.30)4.18 (0.37)B2: Ease of use

4.10 (0.44)4.22 (0.42)B3: Navigation

4.17 (0.42)4.13 (0.49)B4: Gestural design

.963.16 (0.72).943.14 (0.87)Aesthetics

3.55 (0.71)3.65 (0.74)C1: Layout

2.98 (0.76)3.00 (1.00)C2: Graphics

2.95 (0.78)2.78 (1.00)C3: Visual appeal

.822.59 (0.68).812.53 (0.73)Information quality

3.95 (0.53)3.77 (0.64)D1: Accuracy of app description

3.30 (0.86)3.29 (0.99)D2: Goals

3.13 (0.75)3.10 (0.90)D3: Quality of information

2.80 (0.77)2.51 (0.98)D4: Quantity of information

2.64 (1.86)2.81 (1.86)D5: Visual information

1.90 (0.48)1.99 (0.63)D6: Credibility

0.42 (0.98)0.27 (0.96)D7: Evidence base

.952.09 (0.79).972.21 (0.97)Subjective quality

2.11 (0.85)2.34 (1.07)SQ1: Would you recommend it?

1.84 (0.87)1.96 (1.03)SQ2: How many times would you use it?

1.67 (0.73)1.75 (0.91)SQ3: Would you pay for it?

2.74 (0.90)2.81 (1.07)SQ4: 5-star rating

—3.24 (0.61)—a3.18 (0.69)Total app quality

aChronbach alpha for total app quality is not computed.

Mobile App Rating Scale in Arabic Validity
The correlations between MARS-Ar and original MARS and
among each domain are presented diagonally in Table 2. The
correlations among the domains of engagement, functionality,
aesthetics, information quality, total app quality, and subjective
quality are presented in the upper off-diagonal (for Arabic) and
lower off-diagonal (for English).

The correlations between MARS-Ar and MARS-English were
all significant at P<.001. The lowest was found in the domain

of functionality (r=0.685), followed by aesthetics (r=0.827),
information quality (r=0.854), engagement (r=0.894), and total
app quality (r=0.897). Subjective quality scores and the item
number 4 (5-star rating) were also highly correlated (r=0.820).

The 5-star rating from the app stores was not significantly
associated with any app quality subdomain, total app quality,
subjective quality, or MARS 5-star rating, neither in the Arabic
nor in the English version.
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Table 2. Correlations between Mobile App Rating Scale in Arabic and Mobile App Rating Scale-English domains and total app quality.

5-star ratingMobile App Rating Scale in EnglishMobile App Rating Scale in Arabic

E4EApp qualityDCBA

−0.04c0.88a,c0.90a,c0.97a,c0.92a,c0.90a,c0.64a,c0.89a,bEngagement (A)

−0.03c0.48a,c0.70a,c0.75a,c0.61a,c0.70a,c0.69a,b0.61a,dFunctionality (B)

0.03c0.78a,c0.91a,c0.96a,c0.86a,c0.83a,b0.68a,d0.89a,dAesthetics (C)

−0.14c0.80a,c0.84a,c0.95a,c0.85a,b0.81a,d0.55a,d0.92a,dInformation Quality (D)

−0.05c0.84a,c0.92a,c0.90a,b0.93a,d0.95a,d0.72a,d0.96a,dApp quality score (average A-D)

−0.07c0.78a,c0.82a,b0.90a,d0.87a,d0.82a,d0.67a,d0.88a,dSubjective quality score (E)

0.00c0.82a,b0.83a,d0.85a,d0.78a,d0.80a,d0.62a,d0.83a,dSubjective quality item number 4: 5-star rating (E4)

1.00b−0.09d−0.07d−0.04d−0.11d0.03d0.04d−0.05d5-star rating (app stores)

aP<.001.
bThe diagonal shows the correlations between the same constructs of the MARS English and Arabic.
cIn the upper diagonal section of the table: correlations among Mobile App Rating Scale subdomains, total app quality, and subjective quality (Mobile
App Rating Scale in Arabic).
dIn the lower diagonal section of the table: correlations among Mobile App Rating Scale subdomains (English).

Discussion

Principal Findings
This study aimed at translating and adapting MARS-Ar and at
validating this scale with a set of popular health and fitness apps
promoting weight management. The translation process
demonstrated the importance of involving expert translators
with interest and experience in translating technology-related
documents. English-Arabic translation is not an easy task, as
the language has many different regional varieties that make it
difficult to find words that are common to the Modern Standard
Arabic (MSA) dictionary [57]. In the literature related to
English-Arabic translations, it is common to find reports of
challenges related to the nonequivalence of words and sentence
structures between the two languages [58], which occurs when
translating colloquial or legal documents [59]. It was also
important to involve experts from different countries of the
Arab world, who provided valuable feedback and suggestions
for improvement, as there are significant differences between
the MSA and the many regional varieties (eg, Levantine Arabic
vs Saudi or Gulf-countries or the Maghreb), with a plethora of
dialects and different spoken expressions [60,61]. We found it
challenging to find accurate translations of some technical terms
and concepts referring to MARS domains, such as “Interactivity”
or “Engagement,” which was also the case for some general
terms, such as “goal setting” and “mindfulness” or “wellness,”
usually used in disciplines such as Psychology and Health
Sciences, usually taught in English; hence, the translations in
Arabic were not easy to find.

After two rounds of review and additional feedback collected
during the validation phase, we are confident to have a good
instrument that Arabic-speaking researchers and experts can
use to evaluate app quality in their native language. It is essential
that Arabic-speaking researchers or professionals interested in
evaluating apps establish a good and acceptable interrater

reliability level before evaluating the full set of apps (ie, ICC
above 0.70), as recommended in the MARS-German validation
study [42]. A training video, similar to the one for MARS, will
be developed so that the interpretation of terminology across
researchers of different backgrounds and countries can be kept
consistent.

This study’s results show that MARS-Ar is a reliable and valid
instrument that trained “experts” can use to assess the quality
of health apps. From a quantitative standpoint, there were no
substantial differences in the reliabilities between the MARS-Ar
and the original MARS in English. All MARS-Ar subdomains
and individual quality items achieved appropriate internal
consistency, comparable with the source study [31] and
comparable with those reported in Italian [40] and German [42]
validation studies. Similar to the German and Italian validation
studies, the correlations between each subdomain of MARS-Ar
and the original counterparts were also significant and extensive
in size, indicating that the instrument tends to be valid.

In this study, we also found that the app quality ratings,
according to experts, are not associated with the 5-star ratings
reported in the app stores. These findings are consistent with
another similar app review comparing expert ratings with the
app stores [38] and with the MARS-German validation study
[42]. App quality appears to be a complicated concept, which
goes beyond a 5-star rating, as used in app stores. These ratings
are not necessarily linked to the quality of health apps [62], as
they can be inflated by developers [63]. With a sizeable and
significant turnover of health apps [23], end users tend to rely
on quick and available information to determine whether an
app is worth downloading. MARS, as it is short and easy to
understand and apply, could become the standard for app quality
evaluation and provide researchers and end users with
comparable dimensions across app domains.

With more versions of MARS available—Italian [40], Spanish
[41], German [42], and now Arabic—it will be possible to
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complete cross-cultural app evaluations and develop a joint
research database of app evaluations, which could be made
accessible to end users. Future studies should aim at involving
end users to compare the ratings, for example, using the ratings
between the uMARS and MARS versions.

The proposed project has a multifold impact. First, it provides
Arab-speaking researchers and public health professionals,
operating in the MENA region and elsewhere, with a culturally
adapted and validated tool that could be used for developing
new and evaluating existing apps. Second, this study will test
whether MARS-Ar and uMARS in Arabic could be used to
reliably evaluate the quality of apps for the prevention and
treatment of obesity and related NCDs. Third, it can fulfill the
needs of millions of people living in the region, who might be
interested in knowing which apps could be trusted to prevent
or better manage these conditions. Once the validation of the
tool has been established, the researchers will maintain a
database of app evaluations, thereby increasing the applicability
and comparability of the results across multiple apps targeting
the same public health issues.

Limitations
Despite its strengths, this study has some limitations to be
acknowledged. First, the validity of the MARS-Ar instrument
was established by comparing the scales in Arabic with their
equivalents in the original MARS instrument, which the same
raters completed in English. Future studies may compare MARS
to other instruments of app quality [23,30], even though they
might not be equivalent. We tested MARS-Ar with a set of apps
for weight management; therefore, future studies need to test
whether this instrument could also apply to health apps of
different domains.

Conclusions
This study shows that MARS-Ar is a valid instrument, which
can be used to assess app quality among trained Arabic-speaking
users of health and fitness apps. Researchers and public health
professionals in the Arab world can use the overall MARS score
and its subscales to reliably evaluate the quality of weight
management apps. Further studies are needed to test the
instrument on health apps focusing on different health domains
that are covered in health and fitness apps, such as
mindfulness/anxiety prevention or sexual and reproductive
health.
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Abstract

Background: With a growing focus on patient interaction with health management, mobile apps are increasingly used to deliver
behavioral health interventions. The large variation in these mobile health apps—their target patient group, health behavior, and
behavioral change strategies—has resulted in a large but incohesive body of literature.

Objective: This systematic review aimed to assess the effectiveness of mobile apps in improving health behaviors and outcomes
and to examine the inclusion and effectiveness of behavior change techniques (BCTs) in mobile health apps.

Methods: PubMed, EMBASE, CINAHL, and Web of Science were systematically searched for articles published between
2014 and 2019 that evaluated mobile apps for health behavior change. Two authors independently screened and selected studies
according to the eligibility criteria. Data were extracted and the risk of bias was assessed by one reviewer and validated by a
second reviewer.

Results: A total of 52 randomized controlled trials met the inclusion criteria and were included in the analysis—37 studies
focused on physical activity, diet, or a combination of both, 11 on drug and alcohol use, and 4 on mental health. Participant
perceptions were generally positive—only one app was rated as less helpful and satisfactory than the control—and the studies
that measured engagement and usability found relatively high study completion rates (mean 83%; n=18, N=39) and ease-of-use
ratings (3 significantly better than control, 9/15 rated >70%). However, there was little evidence of changed behavior or health
outcomes.

Conclusions: There was no strong evidence in support of the effectiveness of mobile apps in improving health behaviors or
outcomes because few studies found significant differences between the app and control groups. Further research is needed to
identify the BCTs that are most effective at promoting behavior change. Improved reporting is necessary to accurately evaluate
the mobile health app effectiveness and risk of bias.

(JMIR Mhealth Uhealth 2020;8(3):e17046)   doi:10.2196/17046

KEYWORDS

telemedicine; evidence-based medicine; mobile health; digital health; mobile applications; app; cell phone; smartphone; mobile
phone; health behavior; intervention; behavior change; systematic review
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Introduction

Background
Engaging patients with health care is an important area of
development in health care because it has the potential to reduce
preventable deaths [1,2]. There is a huge range of digital health
technologies that can deliver health care interventions, including
apps, SMS texts, emails, internet, interactive chatbots, and voice
agents [3-5]. Since the first iPhone was released in 2008,
smartphone technology has become increasingly prevalent and
capable, offering a promising means of delivering health care
interventions to the general population. The large number of
mobile health apps currently available for download is a
testament to their popularity [6]. Many mobile phones now have
the ability to passively collect a variety of health data—including
physical activity, social interaction, sleep, and mobility
patterns— and make inferences about mental and physical health
[7,8]. Combining these capabilities with active user interaction
allows mobile apps to deliver many different behavioral
interventions, which can help users lead healthier lives and
potentially reduce the likelihood of preventable health issues.

Mobile apps have been designed to target a wide variety of
actions to prevent problems and maintain and improve patients’
health [9]. There are five main types of health
behaviors—physical activity, diet, drug use, alcohol use, and
mental health [4]—but other actions such as the management
of chronic conditions, medication adherence, doctor
appointments, vaccinations, dental hygiene, sun protection, and
sex safety can also be considered health behaviors [10,11].
However, mobile health apps’ effectiveness has not been
sufficiently established [4,12,13]. Many studies do not even
report whether or not their mobile health behavior apps are
based on behavioral theories. Although there is a debate on the
role behavioral interventions can and should play in the
population-level behavior, behavioral theory is agreed to be an
important component of successful health-related behavioral
interventions [14]. Further evaluation of the effectiveness of
mobile health apps is needed to determine which apps are most
useful and which behavioral change theories and techniques
best promote positive behavior change, which in turn can guide
future development. This is important because of the ubiquity
of mobile health apps in society—if they are to fulfill their
intended goal of improving health, they must be able to
effectively improve and maintain positive health behaviors.

Many systematic reviews are currently examining these topics.
However, with a few exceptions [12,15], most of these reviews
are restricted in scope to specific types of health behaviors,
patient groups, or combinations thereof. This has the advantage
of being able to more directly compare the studies, and perform
meta-analyses, if the studies are similar enough. The diversity
of the mobile health app field makes it difficult to coalesce the
results of studies into a coherent overview. A few systematic
reviews have taken on this challenge. These examined studies
focused on a variety of health behaviors, patient groups, or types
of app intervention. Overall, they found that mobile health apps
were effective in improving participants’ health behaviors
[12,15]. They also identified the most commonly used behavior

change constructs: self-monitoring [13,15], cues to action,
feedback, and social support [15] However, each of these
systematic reviews has limitations. These limitations include
the exclusive use of broad search terms, which likely missed
many relevant mobile health app articles that used more specific
key terms [12], and that the articles reviewed were primarily
pilot studies with small sample sizes [15]. In addition, data for
these systemic reviews were collected in 2014 [15], 2015 [13],
and 2017 [12]. Given the rapid pace of technological
development, a new systematic review is necessary to provide
an accurate assessment of the effectiveness of the most recent
mobile health app interventions.

Identifying the behavior change techniques (BCTs) that are
most effective in fostering positive change is necessary to
develop the most effective and engaging interventions to
improve the participant health behavior. An update to and
expansion of previous systematic reviews is needed to provide
an overview of current mobile health app technology, the BCTs
being used, and their effectiveness in changing behavior and
participant health outcomes. New, innovative apps are
continuously being developed and tested, and systematic reviews
must keep pace so that overall trends in the features, theories,
and effectiveness of these apps can be tracked and updated. To
ensure that the mobile health apps that patients are using are
achieving their promises of health behavior change, it is essential
to have a clear understanding of what is currently being used
and whether it is working. If barriers—in the apps’ features or
use—can be identified, app developers can use that information
to design more effective interventions.

Objectives
The primary objectives of the review are to summarize the state
of the field of mobile health apps for behavior change and
evaluate their effectiveness. The wide variety of apps and health
behaviors examined means that there are a wide range of
outcomes examined to address three main research questions.
First, what types of mobile health apps and BCTs are being
used to support user engagement with their health behaviors?
Second, how effective are mobile health apps in improving and
maintaining positive health behavior changes? Finally, what
are participant perceptions of the feasibility, functionality, and
overall user experience of the mobile health apps they use?
These are the key elements that are needed to comprehensively
evaluate mobile health apps. This focus builds on previous
systematic reviews and extends and updates the body of
knowledge on current mobile health apps to inform further
research and development.

Methods

Database Search
The methods are described in detail in a systematic review
protocol that is registered with the International Prospective
Register of Systematic Reviews (PROSPERO:
CRD42019155604). The search strategy was developed using
the Population, Intervention, Comparison, and Outcome (PICO)
template and performed following the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P Multimedia Appendix 1) [16]. MeSH terms and
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keywords were extracted from a preliminary review of the
literature, and the search strings and databases were decided in
consultation with a medical librarian. The search was performed
in four databases using the University of Oxford Search Oxford
Libraries Online—PubMed, EMBASE, Cumulative Index to
Nursing and Allied Health Literature, and Web of Science—with
slightly adjusted search terms to fit the specific structure of each
database. The search terms were grouped into four
themes—mobile phones, mobile apps, health behaviors, and
evaluation—that were joined with the structure: Mobile (MeSH
OR Keywords) AND Applications (MeSH OR Keywords) AND
Health Behavior (MeSH OR Keywords) AND Evaluation
(MeSH OR Keywords). A complete list of the specific search
terms and strings used for each database is provided in
Multimedia Appendices 2 and 3. The search was completed on
September 16, 2019.

Inclusion and Exclusion Criteria
Digital health technologies evolve rapidly, and this review was
concerned with the current state of mobile health app technology
[17]. Therefore, the search was limited to studies published
between 2014 and 2019. This time frame provided an update
to Payne et al’s [15] systematic review that included studies
published between 2007 and September 2014 and reflected the
most recent behavioral and technological developments. Only
studies published in English were included.

This systematic review had a broad scope for population and
included any age, gender, country, or ethnicity. Therefore, study
populations could be general or specific with regard to
demographic variables. However, to keep the focus on the
effectiveness of mobile health apps in the general population,
subgroups such as pregnant women and patients with specific
diseases (including HIV, posttraumatic stress disorder,
alcoholism, and chronic depression) were excluded.

The intervention targeted in this review was mobile apps for
health behavior change. Therefore, to be included, the main
focus of the study needed to be the evaluation of a mobile app
that helps users adopt, improve, or maintain positive health
behaviors. Studies of mobile interventions that did not evaluate
the app, were designed for use by health care professionals,
focused on behavior change theory without reference to mobile
apps, or focused on mobile phones or wearable technology but
not apps—for instance, interventions based solely on SMS text
messaging or emails—were excluded. Interventions that were
primarily focused on mobile apps but involved wearable
technology for data collection were included.

Initially, we intended to include all types of health behaviors.
However, the number of studies that this would have entailed
was unfeasible, and the health behaviors that were included in
the final systematic review were limited to the five main
categories established in the literature: drug use, alcohol use,
diet, physical activity, and mental health. This excluded
behaviors such as sun protection, sex safety, medication
adherence, doctor’s appointments, vaccinations, and
self-management of chronic conditions.

Study design was not limited in the initial search to ensure that
no relevant studies were missed, but only randomized controlled
trials were included in the review. All types of comparators
were included.

Outcomes Measured
The primary outcomes were participant health and behavior
change to evaluate the apps’effectiveness. Secondary outcomes
included the apps’ features and their adoption of specific BCTs
[18], as well as engagement and adherence rates,
participant-reported experience, and feasibility and usability
assessments.

Screening and Study Selection
All the articles identified from the database searches were stored
in the citation management software to eliminate duplicates
before the abstracts were screened by two independent
reviewers. Disagreements were discussed until consensus on
eligibility was reached. The full text was screened by one of
the reviewers, and when the text did not meet the inclusion
criteria, the second reviewer reviewed the article to assess
eligibility to determine inclusion in the final set. Reasons for
inclusion and exclusion were recorded at both the abstract and
full-text screening stages.

To check if the search had missed any relevant articles, the full
citation list was compared with the list of studies included in
the two previous systematic reviews [12,15]. Of the 20 articles
examined in Han and Lee’s [12] review, 11 were already
included in the citation list, and none of the other 9 were eligible
for inclusion [12]. As Payne et al’s [15] review finished data
collection in 2014, only 8 of their 24 studies were within the
time frame of this review [15]. Of those, 6 were already in the
citation list, 1 had just been identified from the Han and Lee’s
review [12], and the other was added to the overall citation list
but excluded from the final review because it was a treatment
for major depressive disorder.

A total of 8 of the screened articles eligible for inclusion were
abstracts from posters, conferences, or meetings and did not
have full texts available. The authors of each were contacted to
request a full text if it was available. At the time of writing,
only one of the study authors had replied. A full text was sent
but ended up not being relevant and was excluded from the final
review because a mobile app was not the main focus of the
study.

Data Extraction
Data were extracted by one reviewer and key data points from
the studies that were specified in the protocol were recorded in
a spreadsheet (see Table 1). This process was validated by the
second reviewer, and disagreements were discussed with a third
reviewer. The broad scope of the review meant that there were
a wide variety of specific health and behavior change outcomes,
so a meta-analysis could not be performed.
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Table 1. Data that were extracted from the studies.

Data extractedArticle information

General study information • Year of publication
• Countries of study
• Study setting (primary location of app use, if relevant)
• Analyzed sample size
• Sample demographics (including age, gender, and target population)
• Intervention duration and follow-up periods

Behavioral intervention • Target health behaviors and intervention focus
• Theory the intervention is based on
• Behavior change techniques (BCT Taxonomy v1 [18,19])

Mobile app technology • Area of health care used in
• Name of the app
• Developers
• Platform
• Components and design features (eg, provision of feedback, notifications, and tracking)

Evaluation • What outcomes were measured
• Participant health outcomes
• Behavior change outcomes
• Participant engagement or adherence rates
• Participant satisfaction
• Feasibility and usability
• Other key performance indicators reported

Risk of Bias Assessment
The study design was limited to randomized controlled trials,
so we used the Cochrane Collaboration Risk of Bias tool to
assess all of the included articles [20]. Specifically, this assessed
the risk of bias in random sequence generation; allocation
concealment; blinding of participants, personnel, and outcome
assessors; incomplete outcome data; and selective outcome
reporting. The risk of bias assessment was conducted by one
reviewer and validated by the second reviewer, and
disagreements were resolved by discussion.

Data Analysis and Synthesis
The variety of study aims, methods, and reported outcomes
meant that a meta-analysis was unfeasible, so a narrative
summary of the studies was prepared to draw conclusions about
the apps’effectiveness, use of BCTs, acceptability, and usability.
In this review, an outcome was only considered to have
significant evidence supporting it if the app performed
significantly better than a comparator or control. Outcomes that

were significantly different over time but not between groups
were coded as having some evidence supporting them. Outcomes
that were not significantly different between groups, had no
significant effect, or were significantly worse than the
comparator were coded as having no evidence supporting them.
Limitations and future directions for research and development
were also identified.

Results

Included Studies
In total, we retrieved 5299 articles using the search terms in the
four databases. Of these, 81 were selected for the full-text
review, and 52 were selected for inclusion in the review. The
reasons for exclusion in the full-text review stage are detailed
in Figure 1. One article was excluded at the full-text stage for
reporting the same trial as another article that was already
included. This excluded article was more focused on the
development of the app and did not provide any additional
relevant data for extraction.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.22http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram. eHealth: electronic health; RCT: randomized controlled
trial.

Study Characteristics
The characteristics of the 52 included studies are summarized
in Multimedia Appendix 4. Of these 52, 71% (n=37) aimed to
change dietary habits, physical activity, or both to reduce or
prevent obesity and improve general health. The goal of 21%
(11/52) of the studies was to reduce drug and alcohol use (9/52
were related to smoking cessation, and 2/52 aimed to reduce
alcohol consumption). The last 8% (4/52) targeted behaviors
aimed at improving mental health. More than half of the studies
(28/52) had sample sizes of less than 100 participants, and
slightly fewer than half (23/52) had a study duration less than
3 months.

Overall Effectiveness of Apps
One study was excluded from this part of the analysis because
it only evaluated feasibility, usability, and participant
perceptions [21]. Only about a quarter of the studies (12/51)
found that the app had a significantly better effect (P<.05) on
participant health or behavior change outcomes than control or

comparator groups (see Table 2). These include significantly
bigger increases for the app group in healthy food consumption
(eg, 1-2 more daily servings of vegetables [22,23]), physical
activity (eg, 1000-2000 more steps per day [24,25]), and mental
health (large Cohen d effect sizes for mindfulness and
self-compassion , 0.8 and 1.1, respectively [26]), as well as
significantly bigger decreases in drug and alcohol use [27,28].
About 30% of the studies (16/51) found some evidence of
effectiveness—whether there was a significant difference
between the groups on some but not all of the outcomes, a
significant difference over time but not between groups, or a
significant improvement over the control only in a subgroup of
the population. The remaining 45% of studies either found no
significant difference between groups or effect on the primary
outcome (22/51) or found that the app performed worse than
the comparator (1/51). This analysis was done by coding the
overall outcomes of each study, but the ratio is very similar if
the overall effectiveness is coded once for each individual app
instead.
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Table 2. Summary of general evidence of effectiveness by study (N=51).

Total, n (%)Reduce alco-
hol [27,72], n

Smoking ces-
sation
[28,64-71], n

Mental health
[26,61-63], n

Diet and PAa

[50-60], n

Diet
[22,23,40-49], n

Physical activity
(PA) [24,25,29-39],
n

Evidence of effec-
tivenes?

23 (45)171734No

16 (31)012454Some

12 (23)11104b5Yes

51 (100)294111213Total

aThe studies in the diet and physical activity category reported on dietary and physical activity outcomes, whereas the studies in the previous 2 columns
reported on either diet or physical activity.
bTwo of these studies report on the same trial (one at 12 weeks and the other at the end of the 12-month trial) [22,47]. Both have been included in this
table, but if one were excluded, there would be significant evidence for 22% (11/50) studies.

Participant Health Outcomes
A wide range of participant health outcomes were reported in
20 studies, including measures of weight change over time
(weight, BMI, waist circumference, and body adiposity), mental
well-being (depression, anxiety, life satisfaction, perceived
stress, emotional regulation, etc), blood pressure, cardiovascular

risk factors, and biomarkers such as blood lipids and urinary
sodium. Overall, there was very little evidence that supported
the effectiveness of mobile health apps to affect participant
health outcomes (see Table 3). Over three-quarters (24/31) of
the reported participant health outcomes were not significantly
different between the intervention and control groups.

Table 3. Effectiveness of apps on participant health outcomes (N=31).

Studies reporting
outcome, n

Significant evi-
dence, n (%)

Some evi-
dence, n

No evidence,
n

Participant health outcome

121 (8)110Weight/BMI change [35,41-46,48,50,55,59,60]

30 (0)12Waist circumference/body adiposity [43,53,59]

50 (0)32Mental well-being (eg, depression, anxiety, perceived stress, life satisfaction,
and mood) [26,50,61-63]

50 (0)05Blood pressure [35,41,46,51,54]

20 (0)02Cardiovascular risk factors [54,55]

20 (0)02Blood measures (eg, blood glucose and blood lipids) [41,54]

20 (0)11Urinary sodium [43,51]

311 (3)624Total

Behavior Change Outcomes
An even broader range of behavior change outcomes were
reported in 44 of the 52 studies. Overall, there was not much
significant evidence supporting the effectiveness of apps in
changing the behavior outcomes (see Table 4). There were
certain types of behavior that had stronger evidence of change
than others. A total of 63% (5/8) of studies that examined
healthy food choice behavior found that the app group improved

significantly more than the control or comparator group, as did
43% (3/7) of the studies that reported step count and 100% (3/3)
of the studies that aimed to reduce sedentary behavior. Physical
activity and dietary habits were the target behavior areas with
the highest percentage of significant evidence (32% each).
However, there were only a few studies for each specific
outcome, and altogether, the studies only found significant
support for the effectiveness of mobile health apps in just a
quarter (16/64) of the behavior change outcomes reported.
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Table 4. Effectiveness of apps with respect to behavior change outcomes (N=44).

Total times outcome
reported, n

Significant evidence,
n (%)

Some evidence, nNo evidence, nTarget behavior and behavior change outcomea

Dietary habits

85 (63)12Healthy food choices (including vegetable consumption and
purchase of salt) [22,23,40,44,45,48,51,59]

10 (0)01Hunger [40]

61 (17)05Control (including cognitive restraint, self-efficacy, self-

regulation, PBCb, and avoiding uncontrolled eating)
[40,41,45,46,49,60]

51 (20)04Dietary compliance (including goal setting and diet tracking)
[42,45,46,52,58]

20 (0)11Energy/caloric intake [55,57]

227 (32)213Total (dietary habits)

Physical activity

91 (11)17Physical activity (including moderate to vigorous physical
activity) [25,30,33,37-39,52,55,58]

73 (43)22Walking/step count [24,25,29,33,35,57]

33 (100)00Reduce sedentary behavior [29,32,37]

10 (0)01Time to complete fitness test [31]

10 (0)10Attitudes to physical activity [34]

30 (0)12Control (including self-efficacy, PBC, and barriers)
[25,34,39]

11 (100)00Self-monitoring [39]

258 (32)512Total (physical activity)

Reduce alcohol

10 (0)01Change in weekly alcohol consumption [27]

10 (0)01Change in full Alcohol Use Disorders Identification Test
score [27]

10 (0)01Number of alcohol consequences [72]

10 (0)01Maximum number of drinks at once [72]

40 (0)04Total (reduce alcohol)

Smoking cessation

71 (14)15Continuous abstinence (including 7- and 30-day point
prevalence abstinence) [28,64,67-71]

20 (0)02Quit rates [65,66]

10 (0)10Acceptance of cravings [65]

30 (0)03Readiness to quit (including motivation and quit attempts)
[66,69,71]

131 (8)210Total (smoking cessation)

6416 (25)939Total

aMany of the studies reported more than one behavior change outcome, and all distinct outcomes were recorded here, so there are more individual
outcomes than the number of studies.
bPBC: perceived behavioral control.

Behavior Change Techniques and Theories
In the 52 studies, there were 50 unique apps tested (excluding
basic or control versions of apps). Only a few of these studies
explicitly reported the BCTs incorporated into the app, so BCTs

were coded based on the study descriptions of the app features
using the BCT Taxonomy v1 [18]. The taxonomy lists 93 BCTs,
clustered into 16 groups. Collectively, the apps studied included
39 different BCTs from 12 different groups. Multimedia
Appendix 5 reports the BCTs included in each app studied.
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Only four BCTs were used in more than half of the apps—1.1
Goal setting (behavior; 52% of apps), 2.2 Feedback on behavior
(54%), 2.3 Self-monitoring of behavior (72%), and 4.1
Instructions on how to perform the behavior (54%). The mean
(and median) number of BCTs per app was 5 (range: 0-11), and
the most common number of BCTs per app was 6.

An exploratory assessment of the effectiveness of each BCT
was conducted by associating the use of BCTs in each app with
the effectiveness of that app, so that a count of how many times
the BCT was associated with significant evidence versus no
evidence could be made. There was at best mixed evidence for
all of the BCTs used. Only 4 BCTs (1.6 Discrepancy between
current behavior and goal, 4.2 Information about antecedents,
6.1 Demonstration of the behavior, and 12.5 Adding objects to
the environment) had more significant evidence than not, but
only by 1 study. These 4 BCTs were also only used in at most
2 apps. The most frequently used BCTs were all associated two
to three times more with studies that found no significant effect
compared with those that found a significant effect on the
specified outcomes.

Half of the studies (26/52) mentioned the specific behavioral
theories that were considered when developing the app, and
there was a lot of variety. A total of 23 different theories were
referenced, with social cognitive theory and behavior change
theory being referenced most frequently (8 and 5 times,
respectively), with the remaining 21 theories having no more
than two mentions each. Only 5 of these 26 studies found
significant evidence in favor of the app. Of these 5, 2 used social
cognitive theory, 2 used bahavior change theory, and 1 used the
capability, opportunity, motivation, behavior framework and
the behavior change wheel.

Engagement and Adherence
Engagement and adherence outcomes were reported by 39 of
the studies. Of these, 18 reported completion or retention rates,
and 26 reported the app use data. The mean completion rate
across studies was 83.3% (range: 45%-97.1%), with 8 studies
reporting a completion rate above 90%. There was significant
variability in what app use measures were reported and how
they were used to evaluate adherence. A total of 4 studies
reported that the app group was significantly more engaged
with their intervention than the control group, and 2 more
reported high use in the app group but not whether the difference

was significant. A total of 9 studies reported a usage percentage
greater than 60%.

Feasibility and Usability
A total of 15 studies reported on usability (n=13), feasibility
(n=1), or both (n=1). A total of 3 of these studies reported that
the intervention app was rated significantly better than the
control, and 9 more reported high ease of use (>70% of
participants rated highly). There does not appear to be any
relationship between usability and effectiveness, given the
generally high usability ratings and overall low effectiveness.
However, as less than a third of studies reported usability, this
analysis should be treated with caution.

Participant Satisfaction
A total of 21 studies reported participant satisfaction. Of these
studies, 2 reported significantly higher ratings for the
intervention app than the control, and 6 more reported that more
than 70% of the participants rated the app as satisfying, helpful,
or enjoyable. Only 1 app (Crush the Crave) was found to have
significantly lower helpfulness and satisfaction ratings than the
control. The rest had mixed feedback or no significant
differences between the ratings for the app and control.

Risk of Bias Assessment
The evaluation of risk of bias for all 52 studies was conducted
using the Cochrane Collaboration Risk of Bias tool [20], and
the results were summarized using the RevMan 5.3 software
(Figures 2 and 3) [73]. Two-thirds of the studies (35/52) properly
reported random sequence generation [36].

About 40% (21/52) of the studies reported satisfactory allocation
concealment and either very low attrition or no significant
differences in attrition between groups (22/52), meaning that
the risk of incomplete outcome data was low. About a third of
studies (17/52) reported blinding of outcome assessors, but only
3 studies reported blinding of patients and personnel. This was
predominantly because the nature of mobile app interventions
made blinding of participants difficult. A total of 42% (22/52)
of the studies had a high risk for the blinding of participants
and personnel, predominantly because they reported that
blinding was not possible. However, only 15% (8/52) of the
studies could be established as having a low risk of selective
outcome, mostly because a preregistration or study protocol
could not be found to compare reported outcomes with.
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Figure 2. Risk of bias summary: the review authors’ judgements about each risk of bias item for each included study.
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Figure 3. Risk of bias graph: the review authors’ judgements about each risk of bias item presented as percentages across all included studies.

Discussion

Principal Findings
Developments in technology have made it easier for patients to
play an active role in their health, and there are thousands of
mobile apps designed to help people improve their health
behaviors [4]. However, their effectiveness in changing health
behaviors and outcomes has not been convincingly established.
In this systematic review, we examined 52 randomized
controlled trials evaluating the effectiveness of mobile health
apps. Overall, there was little significant evidence supporting
the effectiveness of mobile health apps for any of those
outcomes. This was especially true for patient health outcomes;
out of all the studies that examined them, there was only 1 app
that was significantly better than the control. There was slightly
more evidence for the effectiveness of apps in changing the
health behavior outcomes—apps performed significantly better
than controls on a quarter of the measured outcomes—but a
majority of outcomes reported no significant differences between
groups.

This is a different finding than previous systematic reviews.
Both Han and Lee [12] and Payne et al [15] reported that the
majority of apps reviewed were effective at improving
health-related behaviors. It is possible that this difference is
because of the way study results were interpreted. Only
considering studies that found a significant difference between
groups in favor of the app as significant evidence of
effectiveness is a conservative interpretation. However,
randomized controlled trials are the gold standard for evaluating
interventions because randomization allows differences in
outcomes between groups to be attributed to the intervention
[74]. To conclusively support the claim that mobile health apps
are a useful tool for changing behavior and health outcomes,
users should show greater improvement with the app than a
comparator or control. The majority of the apps evaluated in
this review were not significantly more effective in achieving
their purposes than controls or alternative interventions.

When significant and some evidence categories are both taken
into account, there was moderately strong evidence supporting
the effectiveness of apps in changing certain target behaviors,
notably, healthy food choices (6/8, 75%), step count (5/7, 71%),

and reducing sedentary behavior (3/3, 100%). This suggests
that mobile apps do have the potential to improve some health
behaviors. However, the number of studies that examined each
of these outcomes was small. In addition, this effect was not
reflected in any of the participant health outcomes. Possibly the
intervention durations were too short for any meaningful clinical
change, although half of the studies lasted longer than 3 months,
and modest weight loss (5%-10%) can be observed within 3 to
6 months [75]. Even when the behavior change was significantly
greater in the app than the control group, it may not have been
enough of a change to induce an observable effect in any of the
health outcomes measured over time.

Before delving too deeply into clinical outcomes, however, it
is first essential to have a measurable behavioral effect.
Identifying the BCTs that are most effective in promoting and
maintaining positive health behavior change is crucial for the
development of mobile apps that will significantly improve
health behaviors and outcomes [76]. However, determining
which BCTs, and combinations of BCTs, are most effective in
specific contexts is a complex process, and a valid method of
determining the degree of confidence of BCT effectiveness is
yet to be established [76]. To make this even more difficult,
most of the studies did not report the BCTs used, and they had
to be inferred from the descriptions of the apps’ features.
Self-monitoring of behavior was the most commonly used BCT
(72% of apps included a self-monitoring function). Behavioral
goal setting, feedback on behavior, and instructions on how to
perform the behavior were also included in more than half of
the apps. This is consistent with the findings of Payne et al’s
[15] systematic review of mobile health apps, which found that
most studies included goal setting, self-monitoring, and social
support constructs. Social support was not as prominent in the
apps studied in this review, with only 28% having an identifiable
social support feature. If there is a disconnect between the BCTs
that are most effective and those that are most frequently used,
it could explain the lack of behavioral change.

For all 4 of the most frequently used BCTs, there were far more
studies with no evidence than significant evidence, with less
than a fifth of the studies of apps using those individual BCTs
finding a significant effect (range: 15%-19% per BCT). This is
similar to the low overall amount of significant evidence
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supporting the apps’ effectiveness, which is not surprising.
Self-monitoring has been positively associated with behavior
change in the literature, though the results are heterogenous
[77,78]. Therefore, why are these studies not finding much
support for their effectiveness in changing behavior?

Intuitively, a greater number of BCTs might seem more likely
to improve health behaviors, or at least provide a wider range
of motivating options so that users can choose the ones that
work best for them. However, there was a similar average
number of BCTs per app for each of the evidence groups (no,
some, and significant evidence). The no evidence group actually
had a higher average number of BCTs per app (5.9 vs 4.4 in the
other two groups) but two-tailed t tests showed that none of the
differences between the groups were significant (P>.05). This
lack of an association between the number of BCTs and
effectiveness is consistent with previous studies [79].

It is possible that the apps were not appropriately implementing
the BCTs in their features. The lack of theoretical bases for half
of the apps suggests that BCTs were not considered in many of
them. However, only 4 of the 26 studies that did reference
behavioral theories (actually 5 out of 27 studies, but 2 studies
reported the same experiment [22,47]) found significant
evidence for the app they studied, which is no better than the
overall group of studies. This suggests that the inclusion of
theory is not sufficient to find an effective result. The variety
of theories used could also be a factor; further research should
determine which theoretical bases are most strongly linked to
behavior change. A more in-depth evaluation of the use and
effectiveness of BCTs—as individual factors and in
combination—in mobile health apps is necessary to understand
why the majority of studies are not finding significant behavioral
or health advantages for mobile app interventions. This is
especially important because of the ubiquity of health apps that
are available and being used and the urgent public health need
to improve health behaviors to address increasing health care
costs and improve healthy aging [80].

Quality of the Evidence
After analyzing the risk of bias of the included studies, only the
category of performance bias (blinding of participants and
personnel) had a generally high risk of bias (22/52, 42%).
Overall, however, just over half of the potential areas for bias
had an unclear risk. Therefore, to improve the quality of studies
and to make bias assessments more clear and useful, researchers
should improve reporting of their methods, so that the risk of
bias can be assessed more accurately. Out of all 52 studies, only
3 had 5 or more areas of bias categorized as low risk [27].
High-quality studies are needed to make a valid evaluation of
the effectiveness of apps, so that there is less risk of poor study
methodologies confusing the conclusions.

Limitations
One limitation of this review is that a meta-analysis could not
be conducted because of the heterogeneity of the studies and
their reported outcomes. However, a proper meta-analysis would
make the effectiveness of mobile health apps easier to determine

and quantify. Another limitation is that the focus was limited
to just five health behaviors. There are many mobile health apps
designed to help patients manage chronic conditions such as
diabetes, depression, and asthma. Therefore, the results of this
review cannot be generalized to all health behaviors. In addition,
this review only considered published randomized controlled
trials. This may have missed more recently developed apps that
have not progressed to that stage of testing yet, or that might
not have been tested in an academic context. It may also
overrepresent studies where an effect was found, as the grey
literature was not searched for studies that may have found null
results and not been published.

Future Directions
An important future direction for research—and app
development—is to examine more closely the theoretical basis
of mobile health apps, which BCTs they are using, and how
those BCTs are implemented. This is a crucial element in
determining why mobile health apps are not consistently
succeeding in improving health behaviors. If the most effective
BCTs, and combinations thereof, can be identified, mobile
health apps have the potential to advance preventive health care
globally. Once consistent and effective means of motivating
behavior change have been identified, the relationship between
health behaviors and health outcomes should be reassessed and,
if necessary, improved. To complement this, it is important for
researchers to improve their reporting, so that the risk of bias
of studies can be accurately assessed and only high-quality
studies can be included in analyses.

Conclusions
The purpose of this systematic review was to examine the
effectiveness of mobile apps to improve health behaviors and
outcomes and the inclusion and effectiveness of BCTs. Although
apps generally had relatively high engagement, usability ratings,
and user acceptability and satisfaction, the significance of
evidence for delivering behavior change outcomes assessed was
nominal. This study built on previous systematic reviews to
provide an updated and comprehensive examination of current
mobile health apps for the general population. It extended the
literature by examining the relationship between BCTs and app
effectiveness. In addition, this systematic review evaluated
effectiveness more stringently than previous reviews to provide
a balanced perspective on current app effectiveness and identify
areas for improvement. Further research is needed to identify
the behavior change theories and specific BCTs best suited to
promote and maintain positive health behavior change through
mobile app interventions. A reliable method of analyzing BCT
effectiveness and more experiments comparing how behavior
change outcomes differ depending on the combinations of BCTs
used would be a useful next step. Given the inconsistent results
of studies of mobile health app effectiveness, a greater
integration of theory into app development and comparative
examination of theories and BCTs in those apps will help drive
innovation and the creation of more effective mobile health
apps.

 

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.29http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Acknowledgments
The authors would like to thank the outreach librarian Liz Callow for her assistance in developing search terms and reviewing
search strategy. MM, CL, CDC, MHVVV, and EM are supported by grants from EIT Health (Grant 18654) and Promoting the
Internet of Things via Collaborations between HEIS and Industry (PITCH-IN) grant.

Authors' Contributions
EM and MM conceived the study topic and designed the review protocol. MM and CL screened the studies. MM conducted the
data extraction and risk of bias assessment, which were validated by CC. The systematic review was written by MM with revisions
from MV and EM.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Preferred Reporting Items for Systematic Reviews and Meta-Analyses checklist.
[DOC File , 64 KB - mhealth_v8i3e17046_app1.doc ]

Multimedia Appendix 2
Search Terms.
[DOCX File , 15 KB - mhealth_v8i3e17046_app2.docx ]

Multimedia Appendix 3
Search queries and the number of results for each database.
[DOCX File , 15 KB - mhealth_v8i3e17046_app3.docx ]

Multimedia Appendix 4
Summary of study characteristics.
[DOCX File , 23 KB - mhealth_v8i3e17046_app4.docx ]

Multimedia Appendix 5
Behaviour Change Techniques used in the apps studied.
[ZIP File (Zip Archive), 3 KB - mhealth_v8i3e17046_app5.zip ]

References
1. Clancy CM. Patient engagement in health care. Health Serv Res 2011 Apr;46(2):389-393 [FREE Full text] [doi:

10.1111/j.1475-6773.2011.01254.x] [Medline: 21371026]
2. Sawesi S, Rashrash M, Phalakornkule K, Carpenter JS, Jones JF. The impact of information technology on patient engagement

and health behavior change: a systematic review of the literature. JMIR Med Inform 2016 Jan 21;4(1):e1 [FREE Full text]
[doi: 10.2196/medinform.4514] [Medline: 26795082]

3. Stephens TN, Joerin A, Rauws M, Werk LN. Feasibility of pediatric obesity and prediabetes treatment support through
Tess, the AI behavioral coaching chatbot. Transl Behav Med 2019 May 16;9(3):440-447. [doi: 10.1093/tbm/ibz043]
[Medline: 31094445]

4. McKay FH, Wright A, Shill J, Stephens H, Uccellini M. Using health and well-being apps for behavior change: a systematic
search and rating of apps. JMIR Mhealth Uhealth 2019 Jul 4;7(7):e11926 [FREE Full text] [doi: 10.2196/11926] [Medline:
31274112]

5. Jiang H, Li M, Wen LM, Baur L, He G, Ma X, et al. A community-based short message service intervention to improve
mothers' feeding practices for obesity prevention: quasi-experimental study. JMIR Mhealth Uhealth 2019 Jun 3;7(6):e13828
[FREE Full text] [doi: 10.2196/13828] [Medline: 31162133]

6. Ferrara G, Kim J, Lin S, Hua J, Seto E. A focused review of smartphone diet-tracking apps: usability, functionality, coherence
with behavior change theory, and comparative validity of nutrient intake and energy estimates. JMIR Mhealth Uhealth
2019 May 17;7(5):e9232 [FREE Full text] [doi: 10.2196/mhealth.9232] [Medline: 31102369]

7. Trifan A, Oliveira M, Oliveira JL. Passive sensing of health outcomes through smartphones: systematic review of current
solutions and possible limitations. JMIR Mhealth Uhealth 2019 Aug 23;7(8):e12649 [FREE Full text] [doi: 10.2196/12649]
[Medline: 31444874]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.30http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mhealth_v8i3e17046_app1.doc
mhealth_v8i3e17046_app1.doc
mhealth_v8i3e17046_app2.docx
mhealth_v8i3e17046_app2.docx
mhealth_v8i3e17046_app3.docx
mhealth_v8i3e17046_app3.docx
mhealth_v8i3e17046_app4.docx
mhealth_v8i3e17046_app4.docx
mhealth_v8i3e17046_app5.zip
mhealth_v8i3e17046_app5.zip
http://europepmc.org/abstract/MED/21371026
http://dx.doi.org/10.1111/j.1475-6773.2011.01254.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21371026&dopt=Abstract
http://medinform.jmir.org/2016/1/e1/
http://dx.doi.org/10.2196/medinform.4514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26795082&dopt=Abstract
http://dx.doi.org/10.1093/tbm/ibz043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31094445&dopt=Abstract
https://mhealth.jmir.org/2019/7/e11926/
http://dx.doi.org/10.2196/11926
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31274112&dopt=Abstract
https://mhealth.jmir.org/2019/6/e13828/
http://dx.doi.org/10.2196/13828
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31162133&dopt=Abstract
https://mhealth.jmir.org/2019/5/e9232/
http://dx.doi.org/10.2196/mhealth.9232
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31102369&dopt=Abstract
https://mhealth.jmir.org/2019/8/e12649/
http://dx.doi.org/10.2196/12649
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31444874&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


8. Harari GM, Lane ND, Wang R, Crosier BS, Campbell AT, Gosling SD. Using smartphones to collect behavioral data in
psychological science: opportunities, practical considerations, and challenges. Perspect Psychol Sci 2016 Nov;11(6):838-854
[FREE Full text] [doi: 10.1177/1745691616650285] [Medline: 27899727]

9. Cockerham WC, Dingwall R, Quah SR. Health behavior. In: Cockerham WC, Dingwall R, Quah SR, editors. The Wiley
Blackwell Encyclopedia of Health, Illness, Behavior, and Society. Chichester, UK: John Wiley & Sons Ltd; 2014.

10. Conner M, Norman P. Health behaviour: current issues and challenges. Psychol Health 2017 Aug;32(8):895-906. [doi:
10.1080/08870446.2017.1336240] [Medline: 28612656]

11. Pinder C, Vermeulen J, Cowan BR, Beale R. Digital behaviour change interventions to break and form habits. ACM Trans
Comput-Hum Interact 2018;25(3):1-66 [FREE Full text] [doi: 10.1145/3196830]

12. Han M, Lee E. Effectiveness of mobile health application use to improve health behavior changes: a systematic review of
randomized controlled trials. Healthc Inform Res 2018 Jul;24(3):207-226 [FREE Full text] [doi: 10.4258/hir.2018.24.3.207]
[Medline: 30109154]

13. Zhao J, Freeman B, Li M. Can mobile phone apps influence people's health behavior change? An evidence review. J Med
Internet Res 2016 Oct 31;18(11):e287 [FREE Full text] [doi: 10.2196/jmir.5692] [Medline: 27806926]

14. Hagger MS, Weed M. DEBATE: Do interventions based on behavioral theory work in the real world? Int J Behav Nutr
Phys Act 2019 Apr 25;16(1):36 [FREE Full text] [doi: 10.1186/s12966-019-0795-4] [Medline: 31023328]

15. Payne HE, Lister C, West JH, Bernhardt JM. Behavioral functionality of mobile apps in health interventions: a systematic
review of the literature. JMIR Mhealth Uhealth 2015 Feb 26;3(1):e20 [FREE Full text] [doi: 10.2196/mhealth.3335]
[Medline: 25803705]

16. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015: elaboration and explanation. Br Med J 2015 Jan 2;349:g7647 [FREE Full
text] [doi: 10.1136/bmj.g7647] [Medline: 25555855]

17. Steinhubl SR, Muse ED, Topol EJ. The emerging field of mobile health. Sci Transl Med 2015 Apr 15;7(283):283rv3 [FREE
Full text] [doi: 10.1126/scitranslmed.aaa3487] [Medline: 25877894]

18. Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

19. Hedin B, Katzeff C, Eriksson E, Pargman D. A systematic review of digital behaviour change interventions for more
sustainable food consumption. Sustainability 2019;11(9):2638 [FREE Full text] [doi: 10.3390/su11092638]

20. Higgins JP, Altman DG, Gøtzsche PC, Jüni P, Moher D, Oxman AD, Cochrane Bias Methods Group, Cochrane Statistical
Methods Group. The Cochrane Collaboration's tool for assessing risk of bias in randomised trials. Br Med J 2011 Oct
18;343:d5928 [FREE Full text] [doi: 10.1136/bmj.d5928] [Medline: 22008217]

21. López D, Torres M, Vélez J, Grullon J, Negrón E, Pérez CM, et al. Development and evaluation of a nutritional smartphone
application for making smart and healthy choices in grocery shopping. Healthc Inform Res 2017 Jan;23(1):16-24 [FREE
Full text] [doi: 10.4258/hir.2017.23.1.16] [Medline: 28261527]

22. Mummah S, Robinson TN, Mathur M, Farzinkhou S, Sutton S, Gardner CD. Effect of a mobile app intervention on vegetable
consumption in overweight adults: a randomized controlled trial. Int J Behav Nutr Phys Act 2017 Sep 15;14(1):125 [FREE
Full text] [doi: 10.1186/s12966-017-0563-2] [Medline: 28915825]

23. Clarke P, Evans SH, Neffa-Creech D. Mobile app increases vegetable-based preparations by low-income household cooks:
a randomized controlled trial. Public Health Nutr 2019 Mar;22(4):714-725 [FREE Full text] [doi:
10.1017/S1368980018003117] [Medline: 30472970]

24. Walsh JC, Corbett T, Hogan M, Duggan J, McNamara A. An mHealth intervention using a smartphone app to increase
walking behavior in young adults: a pilot study. JMIR Mhealth Uhealth 2016 Sep 22;4(3):e109 [FREE Full text] [doi:
10.2196/mhealth.5227] [Medline: 27658677]

25. Zhou M, Fukuoka Y, Mintz Y, Goldberg K, Kaminsky P, Flowers E, et al. Evaluating machine learning-based automated
personalized daily step goals delivered through a mobile phone app: randomized controlled trial. JMIR Mhealth Uhealth
2018 Jan 25;6(1):e28 [FREE Full text] [doi: 10.2196/mhealth.9117] [Medline: 29371177]

26. Huberty J, Green J, Glissmann C, Larkey L, Puzia M, Lee C. Efficacy of the mindfulness meditation mobile app 'Calm' to
reduce stress among college students: randomized controlled trial. JMIR Mhealth Uhealth 2019 Jun 25;7(6):e14273 [FREE
Full text] [doi: 10.2196/14273] [Medline: 31237569]

27. Crane D, Garnett C, Michie S, West R, Brown J. A smartphone app to reduce excessive alcohol consumption: Identifying
the effectiveness of intervention components in a factorial randomised control trial. Sci Rep 2018 Mar 12;8(1):4384 [FREE
Full text] [doi: 10.1038/s41598-018-22420-8] [Medline: 29531280]

28. BinDhim NF, McGeechan K, Trevena L. Smartphone Smoking Cessation Application (SSC App) trial: a multicountry
double-blind automated randomised controlled trial of a smoking cessation decision-aid 'app'. BMJ Open 2018 Jan
21;8(1):e017105 [FREE Full text] [doi: 10.1136/bmjopen-2017-017105] [Medline: 29358418]

29. Arrogi A, Bogaerts A, Seghers J, Devloo K, Abeele VV, Geurts L, et al. Evaluation of stAPP: a smartphone-based intervention
to reduce prolonged sitting among Belgian adults. Health Promot Int 2019 Feb 1;34(1):16-27. [doi: 10.1093/heapro/dax046]
[Medline: 28973149]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.31http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/27899727
http://dx.doi.org/10.1177/1745691616650285
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27899727&dopt=Abstract
http://dx.doi.org/10.1080/08870446.2017.1336240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28612656&dopt=Abstract
https://dl.acm.org/citation.cfm?id=3196830
http://dx.doi.org/10.1145/3196830
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2018.24.3.207
http://dx.doi.org/10.4258/hir.2018.24.3.207
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30109154&dopt=Abstract
https://www.jmir.org/2016/11/e287/
http://dx.doi.org/10.2196/jmir.5692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27806926&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-019-0795-4
http://dx.doi.org/10.1186/s12966-019-0795-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31023328&dopt=Abstract
https://mhealth.jmir.org/2015/1/e20/
http://dx.doi.org/10.2196/mhealth.3335
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25803705&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=25555855
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=25555855
http://dx.doi.org/10.1136/bmj.g7647
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555855&dopt=Abstract
http://europepmc.org/abstract/MED/25877894
http://europepmc.org/abstract/MED/25877894
http://dx.doi.org/10.1126/scitranslmed.aaa3487
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25877894&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://paperpile.com/b/shatdS/myIO
http://dx.doi.org/10.3390/su11092638
http://europepmc.org/abstract/MED/22008217
http://dx.doi.org/10.1136/bmj.d5928
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22008217&dopt=Abstract
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2017.23.1.16
https://www.e-hir.org/DOIx.php?id=10.4258/hir.2017.23.1.16
http://dx.doi.org/10.4258/hir.2017.23.1.16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28261527&dopt=Abstract
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0563-2
https://ijbnpa.biomedcentral.com/articles/10.1186/s12966-017-0563-2
http://dx.doi.org/10.1186/s12966-017-0563-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28915825&dopt=Abstract
http://europepmc.org/abstract/MED/30472970
http://dx.doi.org/10.1017/S1368980018003117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30472970&dopt=Abstract
https://mhealth.jmir.org/2016/3/e109/
http://dx.doi.org/10.2196/mhealth.5227
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27658677&dopt=Abstract
https://mhealth.jmir.org/2018/1/e28/
http://dx.doi.org/10.2196/mhealth.9117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29371177&dopt=Abstract
https://mhealth.jmir.org/2019/6/e14273/
https://mhealth.jmir.org/2019/6/e14273/
http://dx.doi.org/10.2196/14273
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31237569&dopt=Abstract
http://dx.doi.org/10.1038/s41598-018-22420-8
http://dx.doi.org/10.1038/s41598-018-22420-8
http://dx.doi.org/10.1038/s41598-018-22420-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29531280&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=29358418
http://dx.doi.org/10.1136/bmjopen-2017-017105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29358418&dopt=Abstract
http://dx.doi.org/10.1093/heapro/dax046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28973149&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


30. Cowdery J, Majeske P, Frank R, Brown D. Exergame apps and physical activity: the results of the ZOMBIE trial. Am J
Health Educ 2015;46(4):216-222. [doi: 10.1080/19325037.2015.1043063]

31. Direito A, Jiang Y, Whittaker R, Maddison R. Apps for IMproving FITness and increasing physical activity among young
people: the AIMFIT pragmatic randomized controlled trial. J Med Internet Res 2015 Aug 27;17(8):e210 [FREE Full text]
[doi: 10.2196/jmir.4568] [Medline: 26316499]

32. Finkelstein J, Bedra M, Li X, Wood J, Ouyang P. Mobile app to reduce inactivity in sedentary overweight women. Stud
Health Technol Inform 2015;216:89-92. [Medline: 26262016]

33. Fukuoka Y, Haskell W, Lin F, Vittinghoff E. Short- and long-term effects of a mobile phone app in conjunction with brief
in-person counseling on physical activity among physically inactive women: the mPED randomized clinical trial. JAMA
Netw Open 2019 May 3;2(5):e194281 [FREE Full text] [doi: 10.1001/jamanetworkopen.2019.4281] [Medline: 31125101]

34. Gabbiadini A, Greitemeyer T. Fitness mobile apps positively affect attitudes, perceived behavioral control and physical
activities. J Sports Med Phys Fitness 2019 Mar;59(3):407-414. [doi: 10.23736/S0022-4707.18.08260-9] [Medline: 29619794]

35. Glynn LG, Hayes PS, Casey M, Glynn F, Alvarez-Iglesias A, Newell J, et al. Effectiveness of a smartphone application to
promote physical activity in primary care: the SMART MOVE randomised controlled trial. Br J Gen Pract 2014
Jul;64(624):e384-e391 [FREE Full text] [doi: 10.3399/bjgp14X680461] [Medline: 24982490]

36. Harries T, Eslambolchilar P, Rettie R, Stride C, Walton S, van Woerden HC. Effectiveness of a smartphone app in increasing
physical activity amongst male adults: a randomised controlled trial. BMC Public Health 2016 Sep 2;16:925 [FREE Full
text] [doi: 10.1186/s12889-016-3593-9] [Medline: 27590255]

37. King AC, Hekler EB, Grieco LA, Winter SJ, Sheats JL, Buman MP, et al. Effects of three motivationally targeted mobile
device applications on initial physical activity and sedentary behavior change in midlife and older adults: a randomized
trial. PLoS One 2016;11(6):e0156370 [FREE Full text] [doi: 10.1371/journal.pone.0156370] [Medline: 27352250]

38. Simons D, de Bourdeaudhuij I, Clarys P, de Cocker K, Vandelanotte C, Deforche B. Effect and process evaluation of a
smartphone app to promote an active lifestyle in lower educated working young adults: cluster randomized controlled trial.
JMIR Mhealth Uhealth 2018 Aug 24;6(8):e10003 [FREE Full text] [doi: 10.2196/10003] [Medline: 30143477]

39. Voth EC, Oelke ND, Jung ME. A theory-based exercise app to enhance exercise adherence: a pilot study. JMIR Mhealth
Uhealth 2016 Jun 15;4(2):e62 [FREE Full text] [doi: 10.2196/mhealth.4997] [Medline: 27307134]

40. Blackburne T, Rodriguez A, Johnstone SJ. A serious game to increase healthy food consumption in overweight or obese
adults: randomized controlled trial. JMIR Serious Games 2016 Jul 13;4(2):e10 [FREE Full text] [doi: 10.2196/games.5708]
[Medline: 27417192]

41. Brindal E, Hendrie GA, Freyne J, Noakes M. Incorporating a static versus supportive mobile phone app into a partial meal
replacement program with face-to-face support: randomized controlled trial. JMIR Mhealth Uhealth 2018 Apr 18;6(4):e41
[FREE Full text] [doi: 10.2196/mhealth.7796] [Medline: 29669704]

42. Dunn CG, Turner-McGrievy GM, Wilcox S, Hutto B. Dietary self-monitoring through calorie tracking but not through a
digital photography app is associated with significant weight loss: the 2SMART pilot study-a 6-month randomized trial. J
Acad Nutr Diet 2019 Sep;119(9):1525-1532. [doi: 10.1016/j.jand.2019.03.013] [Medline: 31155474]

43. Ipjian ML, Johnston CS. Smartphone technology facilitates dietary change in healthy adults. Nutrition 2017 Jan;33:343-347.
[doi: 10.1016/j.nut.2016.08.003] [Medline: 27742102]

44. Kakoschke N, Hawker C, Castine B, de Courten B, Verdejo-Garcia A. Smartphone-based cognitive bias modification
training improves healthy food choice in obesity: a pilot study. Eur Eat Disord Rev 2018 Sep;26(5):526-532. [doi:
10.1002/erv.2622] [Medline: 30003634]

45. Kliemann N, Croker H, Johnson F, Beeken RJ. Development of the top tips habit-based weight loss app and preliminary
indications of its usage, effectiveness, and acceptability: mixed-methods pilot study. JMIR Mhealth Uhealth 2019 May
10;7(5):e12326 [FREE Full text] [doi: 10.2196/12326] [Medline: 31094352]

46. Laing BY, Mangione CM, Tseng C, Leng M, Vaisberg E, Mahida M, et al. Effectiveness of a smartphone application for
weight loss compared with usual care in overweight primary care patients: a randomized, controlled trial. Ann Intern Med
2014 Nov 18;161(10 Suppl):S5-12 [FREE Full text] [doi: 10.7326/M13-3005] [Medline: 25402403]

47. Mummah SA, Mathur M, King AC, Gardner CD, Sutton S. Mobile technology for vegetable consumption: a randomized
controlled pilot study in overweight adults. JMIR Mhealth Uhealth 2016 May 18;4(2):e51 [FREE Full text] [doi:
10.2196/mhealth.5146] [Medline: 27193036]

48. Palacios C, Torres M, López D, Trak-Fellermeier MA, Coccia C, Pérez CM. Effectiveness of the nutritional app 'MyNutriCart'
on food choices related to purchase and dietary behavior: a pilot randomized controlled trial. Nutrients 2018 Dec 12;10(12):pii:
E1967 [FREE Full text] [doi: 10.3390/nu10121967] [Medline: 30545125]

49. Whitelock V, Kersbergen I, Higgs S, Aveyard P, Halford JC, Robinson E. A smartphone based attentive eating intervention
for energy intake and weight loss: results from a randomised controlled trial. BMC Public Health 2019 May 21;19(1):611
[FREE Full text] [doi: 10.1186/s12889-019-6923-x] [Medline: 31113400]

50. Brindal E, Hendrie GA, Freyne J, Noakes M. A mobile phone app designed to support weight loss maintenance and
well-being (MotiMate): randomized controlled trial. JMIR Mhealth Uhealth 2019 Sep 4;7(9):e12882 [FREE Full text] [doi:
10.2196/12882] [Medline: 31486407]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.32http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1080/19325037.2015.1043063
https://www.jmir.org/2015/8/e210/
http://dx.doi.org/10.2196/jmir.4568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316499&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26262016&dopt=Abstract
https://jamanetwork.com/journals/jamanetworkopen/fullarticle/10.1001/jamanetworkopen.2019.4281
http://dx.doi.org/10.1001/jamanetworkopen.2019.4281
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31125101&dopt=Abstract
http://dx.doi.org/10.23736/S0022-4707.18.08260-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29619794&dopt=Abstract
https://bjgp.org/cgi/pmidlookup?view=long&pmid=24982490
http://dx.doi.org/10.3399/bjgp14X680461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24982490&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3593-9
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-016-3593-9
http://dx.doi.org/10.1186/s12889-016-3593-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27590255&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0156370
http://dx.doi.org/10.1371/journal.pone.0156370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27352250&dopt=Abstract
https://mhealth.jmir.org/2018/8/e10003/
http://dx.doi.org/10.2196/10003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30143477&dopt=Abstract
https://mhealth.jmir.org/2016/2/e62/
http://dx.doi.org/10.2196/mhealth.4997
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27307134&dopt=Abstract
https://games.jmir.org/2016/2/e10/
http://dx.doi.org/10.2196/games.5708
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27417192&dopt=Abstract
https://mhealth.jmir.org/2018/4/e41/
http://dx.doi.org/10.2196/mhealth.7796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29669704&dopt=Abstract
http://dx.doi.org/10.1016/j.jand.2019.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31155474&dopt=Abstract
http://dx.doi.org/10.1016/j.nut.2016.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27742102&dopt=Abstract
http://dx.doi.org/10.1002/erv.2622
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30003634&dopt=Abstract
https://mhealth.jmir.org/2019/5/e12326/
http://dx.doi.org/10.2196/12326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31094352&dopt=Abstract
http://europepmc.org/abstract/MED/25402403
http://dx.doi.org/10.7326/M13-3005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25402403&dopt=Abstract
https://mhealth.jmir.org/2016/2/e51/
http://dx.doi.org/10.2196/mhealth.5146
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27193036&dopt=Abstract
http://www.mdpi.com/resolver?pii=nu10121967
http://dx.doi.org/10.3390/nu10121967
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30545125&dopt=Abstract
https://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-019-6923-x
http://dx.doi.org/10.1186/s12889-019-6923-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31113400&dopt=Abstract
https://mhealth.jmir.org/2019/9/e12882/
http://dx.doi.org/10.2196/12882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31486407&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


51. Eyles H, McLean R, Neal B, Jiang Y, Doughty RN, McLean R, et al. A salt-reduction smartphone app supports lower-salt
food purchases for people with cardiovascular disease: Findings from the SaltSwitch randomised controlled trial. Eur J
Prev Cardiol 2017 Sep;24(13):1435-1444. [doi: 10.1177/2047487317715713] [Medline: 28631933]

52. Garcia-Ortiz L, Recio-Rodriguez JI, Agudo-Conde C, Patino-Alonso MC, Maderuelo-Fernandez J, Gento IR, EVIDENT
Investigators Group, Mobilizing Minds Research Group. Long-term effectiveness of a smartphone app for improving
healthy lifestyles in general population in primary care: randomized controlled trial (Evident II Study). JMIR Mhealth
Uhealth 2018 Apr 27;6(4):e107 [FREE Full text] [doi: 10.2196/mhealth.9218] [Medline: 29702473]

53. Gomez-Marcos MA, Patino-Alonso MC, Recio-Rodriguez JI, Agudo-Conde C, Romaguera-Bosch M, Magdalena-Gonzalez
O, on behalf the EVIDENT Investigators 11. Short- and long-term effectiveness of a smartphone application for improving
measures of adiposity: A randomised clinical trial - EVIDENT II study. Eur J Cardiovasc Nurs 2018 Aug;17(6):552-562.
[doi: 10.1177/1474515118761870] [Medline: 29488798]

54. Gonzalez-Sanchez J, Recio-Rodriguez JI, Fernandez-delRio A, Sanchez-Perez A, Magdalena-Belio JF, Gomez-Marcos
MA, On behalf the EVIDENT Investigators group. Using a smartphone app in changing cardiovascular risk factors: a
randomized controlled trial (EVIDENT II study). Int J Med Inform 2019 May;125:13-21. [doi:
10.1016/j.ijmedinf.2019.02.004] [Medline: 30914176]

55. Hurkmans E, Matthys C, Bogaerts A, Scheys L, Devloo K, Seghers J. Face-to-face versus mobile versus blended weight
loss program: randomized clinical trial. JMIR Mhealth Uhealth 2018 Jan 11;6(1):e14 [FREE Full text] [doi:
10.2196/mhealth.7713] [Medline: 29326093]

56. Lin P, Grambow S, Intille S, Gallis JA, Lazenka T, Bosworth H, et al. The association between engagement and weight
loss through personal coaching and cell phone interventions in young adults: randomized controlled trial. JMIR Mhealth
Uhealth 2018 Oct 18;6(10):e10471 [FREE Full text] [doi: 10.2196/10471] [Medline: 30341051]

57. Rabbi M, Pfammatter A, Zhang M, Spring B, Choudhury T. Automated personalized feedback for physical activity and
dietary behavior change with mobile phones: a randomized controlled trial on adults. JMIR Mhealth Uhealth 2015 May
14;3(2):e42 [FREE Full text] [doi: 10.2196/mhealth.4160] [Medline: 25977197]

58. Recio-Rodriguez JI, Agudo-Conde C, Martin-Cantera C, González-Viejo MN, Fernandez-Alonso MD, Arietaleanizbeaskoa
MS, EVIDENT Investigators. Short-term effectiveness of a mobile phone app for increasing physical activity and adherence
to the mediterranean diet in primary care: a randomized controlled trial (Evident II Study). J Med Internet Res 2016 Dec
19;18(12):e331 [FREE Full text] [doi: 10.2196/jmir.6814] [Medline: 27993759]

59. Svetkey LP, Batch BC, Lin P, Intille SS, Corsino L, Tyson CC, et al. Cell phone intervention for you (CITY): a randomized,
controlled trial of behavioral weight loss intervention for young adults using mobile technology. Obesity (Silver Spring)
2015 Nov;23(11):2133-2141 [FREE Full text] [doi: 10.1002/oby.21226] [Medline: 26530929]

60. van Beurden SB, Smith JR, Lawrence NS, Abraham C, Greaves CJ. Feasibility randomized controlled trial of ImpulsePal:
smartphone app-based weight management intervention to reduce impulsive eating in overweight adults. JMIR Form Res
2019 Apr 30;3(2):e11586 [FREE Full text] [doi: 10.2196/11586] [Medline: 31038464]

61. Bakker D, Kazantzis N, Rickwood D, Rickard N. A randomized controlled trial of three smartphone apps for enhancing
public mental health. Behav Res Ther 2018 Oct;109:75-83. [doi: 10.1016/j.brat.2018.08.003] [Medline: 30125790]

62. Champion L, Economides M, Chandler C. The efficacy of a brief app-based mindfulness intervention on psychosocial
outcomes in healthy adults: a pilot randomised controlled trial. PLoS One 2018;13(12):e0209482 [FREE Full text] [doi:
10.1371/journal.pone.0209482] [Medline: 30596696]

63. Hides L, Dingle G, Quinn C, Stoyanov SR, Zelenko O, Tjondronegoro D, et al. Efficacy and outcomes of a music-based
emotion regulation mobile app in distressed young people: randomized controlled trial. JMIR Mhealth Uhealth 2019 Jan
16;7(1):e11482 [FREE Full text] [doi: 10.2196/11482] [Medline: 30664457]

64. Baskerville NB, Struik LL, Guindon GE, Norman CD, Whittaker R, Burns C, et al. Effect of a mobile phone intervention
on quitting smoking in a young adult population of smokers: randomized controlled trial. JMIR Mhealth Uhealth 2018 Oct
23;6(10):e10893 [FREE Full text] [doi: 10.2196/10893] [Medline: 30355563]

65. Bricker JB, Mull KE, Kientz JA, Vilardaga R, Mercer LD, Akioka KJ, et al. Randomized, controlled pilot trial of a smartphone
app for smoking cessation using acceptance and commitment therapy. Drug Alcohol Depend 2014 Oct 1;143:87-94 [FREE
Full text] [doi: 10.1016/j.drugalcdep.2014.07.006] [Medline: 25085225]

66. Buller DB, Borland R, Bettinghaus EP, Shane JH, Zimmerman DE. Randomized trial of a smartphone mobile application
compared to text messaging to support smoking cessation. Telemed J E Health 2014 Mar;20(3):206-214 [FREE Full text]
[doi: 10.1089/tmj.2013.0169] [Medline: 24350804]

67. Crane D, Ubhi HK, Brown J, West R. Relative effectiveness of a full versus reduced version of the 'Smoke Free' mobile
application for smoking cessation: an exploratory randomised controlled trial. F1000Res 2018;7:1524 [FREE Full text]
[doi: 10.12688/f1000research.16148.2] [Medline: 30728950]

68. Hassandra M, Lintunen T, Hagger MS, Heikkinen R, Vanhala M, Kettunen T. An mHealth app for supporting quitters to
manage cigarette cravings with short bouts of physical activity: a randomized pilot feasibility and acceptability study. JMIR
Mhealth Uhealth 2017 May 26;5(5):e74 [FREE Full text] [doi: 10.2196/mhealth.6252] [Medline: 28550004]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.33http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1177/2047487317715713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28631933&dopt=Abstract
https://mhealth.jmir.org/2018/4/e107/
http://dx.doi.org/10.2196/mhealth.9218
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29702473&dopt=Abstract
http://dx.doi.org/10.1177/1474515118761870
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29488798&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2019.02.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30914176&dopt=Abstract
https://mhealth.jmir.org/2018/1/e14/
http://dx.doi.org/10.2196/mhealth.7713
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29326093&dopt=Abstract
https://mhealth.jmir.org/2018/10/e10471/
http://dx.doi.org/10.2196/10471
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30341051&dopt=Abstract
https://mhealth.jmir.org/2015/2/e42/
http://dx.doi.org/10.2196/mhealth.4160
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25977197&dopt=Abstract
https://www.jmir.org/2016/12/e331/
http://dx.doi.org/10.2196/jmir.6814
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27993759&dopt=Abstract
https://doi.org/10.1002/oby.21226
http://dx.doi.org/10.1002/oby.21226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26530929&dopt=Abstract
https://formative.jmir.org/2019/2/e11586/
http://dx.doi.org/10.2196/11586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31038464&dopt=Abstract
http://dx.doi.org/10.1016/j.brat.2018.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30125790&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0209482
http://dx.doi.org/10.1371/journal.pone.0209482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30596696&dopt=Abstract
https://mhealth.jmir.org/2019/1/e11482/
http://dx.doi.org/10.2196/11482
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30664457&dopt=Abstract
https://mhealth.jmir.org/2018/10/e10893/
http://dx.doi.org/10.2196/10893
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30355563&dopt=Abstract
http://europepmc.org/abstract/MED/25085225
http://europepmc.org/abstract/MED/25085225
http://dx.doi.org/10.1016/j.drugalcdep.2014.07.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25085225&dopt=Abstract
http://europepmc.org/abstract/MED/24350804
http://dx.doi.org/10.1089/tmj.2013.0169
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24350804&dopt=Abstract
https://f1000research.com/articles/10.12688/f1000research.16148.2/doi
http://dx.doi.org/10.12688/f1000research.16148.2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30728950&dopt=Abstract
https://mhealth.jmir.org/2017/5/e74/
http://dx.doi.org/10.2196/mhealth.6252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28550004&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


69. Krishnan N, Elf JL, Chon S, Golub JE. COach2Quit: a pilot randomized controlled trial of a personal carbon monoxide
monitor for smoking cessation. Nicotine Tob Res 2019 Oct 26;21(11):1573-1577 [FREE Full text] [doi: 10.1093/ntr/nty182]
[Medline: 30169740]

70. McClure JB, Anderson ML, Bradley K, An LC, Catz SL. Evaluating an adaptive and interactive mHealth smoking cessation
and medication adherence program: a randomized pilot feasibility study. JMIR Mhealth Uhealth 2016 Aug 3;4(3):e94
[FREE Full text] [doi: 10.2196/mhealth.6002] [Medline: 27489247]

71. Peiris D, Wright L, News M, Rogers K, Redfern J, Chow C, et al. A smartphone app to assist smoking cessation among
aboriginal Australians: findings from a pilot randomized controlled trial. JMIR Mhealth Uhealth 2019 Apr 2;7(4):e12745
[FREE Full text] [doi: 10.2196/12745] [Medline: 30938691]

72. Bertholet N, Godinho A, Cunningham JA. Smartphone application for unhealthy alcohol use: pilot randomized controlled
trial in the general population. Drug Alcohol Depend 2019 Feb 1;195:101-105. [doi: 10.1016/j.drugalcdep.2018.12.002]
[Medline: 30611977]

73. The Cochrane Collaboration. Copenhagen: The Nordic Cochrane Centre; 2014. Review Manager (RevMan) URL: https:/
/community.cochrane.org/help/tools-and-software/revman-5 [accessed 2020-02-26]

74. Hariton E, Locascio JJ. Randomised controlled trials - the gold standard for effectiveness research: Study design: randomised
controlled trials. Br J Obstet Gynaecol 2018 Dec;125(13):1716 [FREE Full text] [doi: 10.1111/1471-0528.15199] [Medline:
29916205]

75. Nymo S, Coutinho SR, Torgersen LH, Bomo OJ, Haugvaldstad I, Truby H, et al. Timeline of changes in adaptive
physiological responses, at the level of energy expenditure, with progressive weight loss. Br J Nutr 2018 Jul;120(2):141-149
[FREE Full text] [doi: 10.1017/S0007114518000922] [Medline: 29733003]

76. Michie S, West R, Sheals K, Godinho CA. Evaluating the effectiveness of behavior change techniques in health-related
behavior: a scoping review of methods used. Transl Behav Med 2018 Mar 1;8(2):212-224 [FREE Full text] [doi:
10.1093/tbm/ibx019] [Medline: 29381786]

77. Teasdale N, Elhussein A, Butcher F, Piernas C, Cowburn G, Hartmann-Boyce J, et al. Systematic review and meta-analysis
of remotely delivered interventions using self-monitoring or tailored feedback to change dietary behavior. Am J Clin Nutr
2018 Feb 1;107(2):247-256 [FREE Full text] [doi: 10.1093/ajcn/nqx048] [Medline: 29529158]

78. Chambliss HO, Huber RC, Finley CE, McDoniel SO, Kitzman-Ulrich H, Wilkinson WJ. Computerized self-monitoring
and technology-assisted feedback for weight loss with and without an enhanced behavioral component. Patient Educ Couns
2011 Dec;85(3):375-382. [doi: 10.1016/j.pec.2010.12.024] [Medline: 21295433]

79. Dombrowski SU, Sniehotta FF, Avenell A, Johnston M, MacLennan G, Araújo-Soares V. Identifying active ingredients
in complex behavioural interventions for obese adults with obesity-related co-morbidities or additional risk factors for
co-morbidities: a systematic review. Health Psychol Rev 2012;6(1):7-32. [doi: 10.1080/17437199.2010.513298]

80. Wendimagegn NF, Bezuidenhout MC. Integrating promotive, preventive, and curative health care services at hospitals and
health centers in Addis Ababa, Ethiopia. J Multidiscip Healthc 2019;12:243-255 [FREE Full text] [doi:
10.2147/JMDH.S193370] [Medline: 31040687]

Abbreviations
BCT: behavior change technique

Edited by G Eysenbach; submitted 13.11.19; peer-reviewed by S Sawesi, I Mircheva; comments to author 29.11.19; revised version
received 03.12.19; accepted 26.01.20; published 18.03.20.

Please cite as:
Milne-Ives M, Lam C, De Cock C, Van Velthoven MH, Meinert E
Mobile Apps for Health Behavior Change in Physical Activity, Diet, Drug and Alcohol Use, and Mental Health: Systematic Review
JMIR Mhealth Uhealth 2020;8(3):e17046
URL: http://mhealth.jmir.org/2020/3/e17046/ 
doi:10.2196/17046
PMID:32186518

©Madison Milne-Ives, Ching Lam, Caroline De Cock, Michelle Helena Van Velthoven, Edward Meinert. Originally published
in JMIR mHealth and uHealth (http://mhealth.jmir.org), 18.03.2020. This is an open-access article distributed under the terms of
the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as
this copyright and license information must be included.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17046 | p.34http://mhealth.jmir.org/2020/3/e17046/
(page number not for citation purposes)

Milne-Ives et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://europepmc.org/abstract/MED/30169740
http://dx.doi.org/10.1093/ntr/nty182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30169740&dopt=Abstract
https://mhealth.jmir.org/2016/3/e94/
http://dx.doi.org/10.2196/mhealth.6002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27489247&dopt=Abstract
https://mhealth.jmir.org/2019/4/e12745/
http://dx.doi.org/10.2196/12745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30938691&dopt=Abstract
http://dx.doi.org/10.1016/j.drugalcdep.2018.12.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30611977&dopt=Abstract
https://community.cochrane.org/help/tools-and-software/revman-5
https://community.cochrane.org/help/tools-and-software/revman-5
https://doi.org/10.1111/1471-0528.15199
http://dx.doi.org/10.1111/1471-0528.15199
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29916205&dopt=Abstract
http://europepmc.org/abstract/MED/29733003
http://dx.doi.org/10.1017/S0007114518000922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29733003&dopt=Abstract
http://europepmc.org/abstract/MED/29381786
http://dx.doi.org/10.1093/tbm/ibx019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29381786&dopt=Abstract
http://europepmc.org/abstract/MED/29529158
http://dx.doi.org/10.1093/ajcn/nqx048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29529158&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2010.12.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21295433&dopt=Abstract
http://dx.doi.org/10.1080/17437199.2010.513298
https://dx.doi.org/10.2147/JMDH.S193370
http://dx.doi.org/10.2147/JMDH.S193370
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31040687&dopt=Abstract
http://mhealth.jmir.org/2020/3/e17046/
http://dx.doi.org/10.2196/17046
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32186518&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Review

The Effectiveness of Self-Management of Hypertension in Adults
Using Mobile Health: Systematic Review and Meta-Analysis

Ran Li1, MSc; Ning Liang2, MSc, PhD; Fanlong Bu3, MD, PhD; Therese Hesketh1,4, PhD
1Center of Global Health, School of Public Health, School of Medicine, Zhejiang University, Hangzhou, China
2Institute of Basic Research in Clinical Medicine, China Academy of Chinese Medical Sciences, Beijing, China
3Center for Evidence-Based Chinese Medicine, Beijing University of Chinese Medicine, Beijing, China
4Institute of Global Health, University College London, London, United Kingdom

Corresponding Author:
Therese Hesketh, PhD
Institute of Global Health
University College London
30 Guilford St
London, WC1N 1EH
United Kingdom
Phone: 44 0207 905 2253
Email: t.hesketh@ucl.ac.uk

Abstract

Background: Effective treatment of hypertension requires careful self-management. With the ongoing development of mobile
technologies and the scarcity of health care resources, mobile health (mHealth)–based self-management has become a useful
treatment for hypertension, and its effectiveness has been assessed in many trials. However, there is a paucity of comprehensive
summaries of the studies using both qualitative and quantitative methods.

Objective: This systematic review aimed to measure the effectiveness of mHealth in improving the self-management of
hypertension for adults. The outcome measures were blood pressure (BP), BP control, medication adherence, self-management
behavior, and costs.

Methods: A systematic search was conducted using 5 electronic databases. The snowballing method was used to scan the
reference lists of relevant studies. Only peer-reviewed randomized controlled trials (RCTs) published between January 2010 and
September 2019 were included. Data extraction and quality assessment were performed by 3 researchers independently, adhering
to the validation guideline and checklist. Both a meta-analysis and a narrative synthesis were carried out.

Results: A total of 24 studies with 8933 participants were included. Of these, 23 studies reported the clinical outcome of BP,
12 of these provided systolic blood pressure (SBP) and diastolic blood pressure (DBP) data, and 16 articles focused on change
in self-management behavior and medication adherence. All 24 studies were included in the narrative synthesis. According to
the meta-analysis, a greater reduction in both SBP and DBP was observed in the mHealth intervention groups compared with
control groups, −3.78 mm Hg (P<.001; 95% CI −4.67 to −2.89) and −1.57 mm Hg (P<.001; 95% CI −2.28 to −0.86), respectively.
Subgroup analyses showed consistent reductions in SBP and DBP across different frequencies of reminders, interactive patterns,
intervention functions, and study duration subgroups. A total of 16 studies reported better medication adherence and behavioral
change in the intervention groups, while 8 showed no significant change. Six studies included an economic evaluation, which
drew inconsistent conclusions. However, potentially long-term financial benefits were mentioned in all economic evaluations.
All studies were assessed to be at high risk of bias.

Conclusions: This review found that mHealth self-management interventions were effective in BP control. The outcomes of
this review showed improvements in self-management behavior and medication adherence. The most successful mHealth
intervention combined the feature of tailored messages, interactive communication, and multifaceted functions. Further research
with longer duration and cultural adaptation is necessary. With increasing disease burden from hypertension globally, mHealth
offers a potentially effective method for self-management and control of BP. mHealth can be easily integrated into existing health
care systems.

Trial Registration: PROSPERO CRD42019152062; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=152062
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Introduction

Background
Hypertension is the underlying cause of around 20% of deaths
globally [1]. The causes of hypertension are largely lifestyle
related [2]. Poor control is known to be related to failure to
diagnose cases and inadequate treatment [3]. On average, in
high-income countries, around 67% of hypertension sufferers
are diagnosed, with 55% treated and 28% achieving control. In
contrast, in low- and middle-income countries (LMICs), around
37% of the hypertensives are diagnosed, of whom 29% are
treated, with 8% achieving control [4]. The annual worldwide
costs to the economy of hypertension are estimated at US $370
billion [5]. Considering unequal health care resource coverage,
mobile health (mHealth) presents exciting potential in
developing self-management for patients with hypertension
with uncontrolled blood pressure (BP) [6].

Self-Management
The World Health Organization (WHO) defines
self-management as the capability of individuals to manage
their own health conditions, with or without the support of health
care providers [7]. The methods of self-management include
education for patients, self-monitoring of clinical data, and
behavior (eg, diet, exercise, smoking, and drinking), self-titration
of medical management, and support for medication adherence
as per prescribed regimes [8]. A systematic review conducted
by Barlow et al [9] documented that education on
self-management can not only improve patients’ knowledge of
hypertension but can also allow for early detection of high BP.
Another study reported that the self-management of hypertension
enables patients to correctly self-titrate medications and
irreversibly change the dynamics between doctors and patients
[10]. mHealth is emerging as a vital platform to perform
self-management, especially for chronic diseases [11].

Mobile Health
mHealth is the use of mobile devices—such as mobile phones,
patient-monitoring devices, and wireless devices—for medical
support and the delivery of health management [12]. The use
of mobile devices has increased exponentially, worldwide—over
7 billion mobile device subscriptions were reported in 2015
[13]. This clearly facilitates the feasibility, generalizability, and
replicability of mHealth. WHO first defined the term mHealth
in 2010. Since then, mHealth technology has been more widely
available and sophisticated [14,15]. mHealth employs a variety
of different features, including SMS text messages, emails,
phone calls, and mobile phone apps [16]. The benefits of
mHealth are widely acknowledged. It can contribute to achieving
universal health coverage by overcoming geographical barriers,
increasing access, and the provision of health services to remote
populations and underserved communities. Clinical data
monitoring and educational information communications,
between physicians and patients, cost less than in-person

services, as the implementation of mHealth does not utilize any
further resources [17]. mHealth stands at the crossroads of
communication technologies and personalized health care [18].

Existing Research
Most existing systematic reviews have assessed the effectiveness
of clinical outcomes of mHealth self-management in
noncommunicable diseases, mainly diabetes, cardiovascular
disease (CVD), and heart failure [19]. A few others have
examined the content of the intervention, the study population,
and economic evaluation [20,21]. Further research has
investigated the effects of mHealth self-management
intervention in relation to the adherence and self-titration of
medication of diabetes [22]. Results were consistent in that
mHealth-enabled self-management solutions could provide
benefits for chronic conditions, increasing access to health care,
as well as improving health care quality and patient involvement
[23].

Research Gap
There is limited literature looking at the effectiveness of
mHealth in hypertension self-management. A systematic review
narratively synthesized the evidence for using mHealth devices
to support hypertension self-management. The study reported
lower systolic blood pressure (SBP) and diastolic blood pressure
(DBP) in the intervention group compared with usual care [24].
Only using quantitative methods, a meta-analysis of 11
randomized controlled trials (RCTs) conducted by Lu et al [25]
concluded that mHealth is an effective tool for BP control. We
know of no other reviews that examined the relationship between
long-term self-management and cost-effectiveness. Therefore,
further exploration of the relationship between mHealth-enabled
hypertension self-management and clinical outcomes needs to
be conducted. This would enable relevant stakeholders to weigh
the potential benefits and limitations of adopting mHealth into
health care services. Thus, we aimed to determine whether
mHealth is effective in improving the self-management of
hypertension for adults. We systematically reviewed the existing
evidence to analyze the effectiveness of mHealth-enabled
self-management among hypertensive adults with the following
3 objectives:

1. 1. To measure whether the use of mHealth-enabled
self-management improves the control of BP among patients
with hypertension.

2. 2. To assess whether self-management education of
hypertension delivered by mHealth interventions improves
medication adherence and promotes lifestyle change.

3. 3. To analyze the costs of self-management support for the
delivery of mHealth interventions for hypertension in adults.
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Methods

Study Design
This systematic review and meta-analysis were conducted based
on the original protocol (CRD42019152062) and reported
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses guideline [26].

Search Strategy
An electronic database search was conducted using PubMed,
EMBASE, Web of Science, Cochrane, and Google Scholar.
Searches were performed in October 2019. The key search
strings consisted of 3 concepts: mHealth, hypertension, and
self-management. The detailed search strategy has been
presented in Textbox 1.

Textbox 1. An example of the search strategy (EMBASE).

• Search 1: (hypertension* or hypotension or hypertensive or “blood pressure”* or “elevated blood pressure” or “high blood pressure'”).af.

• Search 2: (self-management* or “self care”* or “self management” or “self monitoring” or self-monitoring or self-care).af.

• Search 3: (telemedicine* or telehealth or eHealth* or “e health” or e-health or mHealth* or “m health” or m-health or “mobile application” or
apps or “digital health” or “mobile health” or “message text”).af.

• Search 4: limit year = “2010 - 2019”

• Search 5: 1 and 2 and 3 and 4

Eligibility Criteria
We included RCTs published between January 2010 and
September 2019. Only peer-reviewed articles in English were
included.

Inclusion criteria were as follows: (1) adults with a primary
diagnosis of hypertension; (2) the intervention used app-based
tools that are accessible via mobile phone or tablet to aid
self-management of hypertension; (3) reported outcomes were
any one of the following: clinical data for either SBP or DBP
or both, medication adherence-related outcome or change in
self-management behavior.

The exclusion criteria were as follows: (1) patients with
hypertension were not the main participants; (2) hypertension
during pregnancy; (3) hypertension not the primary diagnosis;
(4) the intervention only targeted health care providers; (5)
outcomes only focused on technological development of a
mobile system; (6) the mHealth service was designed for a
particular target audience instead of the general public.

Observational studies, study protocols and designs, studies with
abstract presentations, and duplicates were all excluded.

Study Selection
Study citations were imported and compiled into the reference
management software (Endnote X8.0, Clarivate Analytics) for
selection. The screening and selection of studies were conducted
by 3 researchers individually (RL, NL, and FB). RL manually
removed duplicates. For the initial search, RL and FB
independently judged the relevance of titles and abstracts
identified from electronic databases. In the second phase, FB
and NL checked the study types of all remaining studies. The
full text of potentially relevant articles was then retrieved. NL
and RL assessed these articles against the inclusion and
exclusion criteria. The snowballing method was conducted on
the reference lists of relevant articles. Controversial studies and
problems were compared and discussed with RL, FB, and NL.

Data Extraction
Three investigators (RL, NL, and FB) in parallel extracted the
data independently and cross-checked. An adapted version of
a standardized spreadsheet was used to input the data. Any
disagreements were resolved through discussion. The data
included the study characteristics (title, authors, year of
publication, and study location); information of participants
(age, gender, baseline BP, demographic information, and sample
size); details about intervention and control (device, intervention
and control type, message content, follow-up duration); and
relevant outcome and result.

Data Synthesis and Analysis
The primary outcomes of this review were the mean SBP, DBP,
and the proportion of subjects with controlled BP at the end of
each trial. Patients with hypertension with SBP lower than 140
mm Hg and DBP lower than 90 mm Hg were considered to
have adequate BP control [27]. Review Manager of the
Cochrane Collaboration (RevMan 5.3, Cochrane Organization)
was used to perform the meta-analysis.

For continuous outcomes, the effect size was defined as the
mean differences (MDs) in BP between intervention and control
groups. For dichotomous outcomes, the effect size was defined
as the odds ratio (OR) of the proportion of patients with
controlled BP between intervention and control groups. OR and
MDs were derived from Manzel-Haenszel and inverse variance
methods, respectively. A random-effect model was utilized to
generate pooled estimates of the overall effects and reported

95% confidence intervals with all measures of effect. The I2

statistic was used to examine inconsistencies across studies

(I2=0%-100%; more than 50% is considered as substantial
statistical heterogeneity). We defined subgroups in advance to
further evaluate the relationship between intervention
characteristic and the clinical effect on SBP and DBP controlling
for (i) frequency of reminders (tailored frequency according to
the health status of participants or fixed frequency as planned);
(ii) interactive patterns (interventions with a patient-provider
loop interaction or without); (iii) intervention functions (single
and multifaceted); and (iv) duration of trials (longer or equal to
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12 months or shorter than 12 months). A sensitivity analysis
was performed by excluding each study sequentially to
determine the influence of any single study on the robustness
of the results.

Owing to the heterogeneity in the nature of interventions and
diverse outcomes of effects of self-management, we have also
presented a narrative review of the findings, including structured
tabular summaries according to medication adherence, change
in self-management behavior, and costs.

Assessment of Risk of Bias and Quality
To account for bias and quality discrepancies, a double
assessment of bias and quality was used to minimize error. RL,
FB, and NL independently assessed the risk of bias and quality
of the included studies. A consensus meeting was held to enable
the comparison of notes from the selection of papers used within
this review. An agreement was reached on conflicting points.

The risk of bias was assessed according to guidance in the
Cochrane Collaboration’s Risk of Bias handbook for RCTs
[28]. Risk ratings of “low,” “high,” and “unclear” were assigned
to each bias based on the presence of the following items:
selection bias, performance bias, detection bias, attrition bias,
reporting bias, and other bias. If any element was rated as high
risk, the overall risk of bias was high. Funnel plots were used
to detect publication bias if over 10 articles were involved in
the meta-analysis. When the description of the interventions or
procedures was not sufficiently detailed to judge the risk of
bias, researchers contacted the study author for further
information.

The quality of the included studies was evaluated by the Mobile
Health Evidence Reporting and Assessment (mERA) Checklist

[29]. This checklist was developed from the Consolidated
Standards of Reporting Trials of Electronic and Mobile HEalth
Applications and onLine TeleHealth (CONSORT-EHEALTH)
checklist and has been extended to a wide range of mHealth
interventions. It consists of 2 separate assessments: (1) essential
criteria for mHealth, which comprise 16 items that identify the
content, context, and technical features, to ensure the quality
and generalizability of mHealth research. (2) methodological
criteria, which include 26 items that are based on existing study
design and study-reporting guidelines. The result was displayed
by using the rate of reported items.

Results

Search Results
A total of 2441 articles were initially identified from the 5
databases; 555 articles were removed because of duplication.
The remaining 1886 studies were then screened. We excluded
1292 articles because of insufficient relevance of the title and
abstract to this review. A further 232 articles were rejected
because they were not RCTs. A total of 9 studies were excluded
as only the abstracts of protocols were available. After reviewing
the full text of the remaining 353 articles, 332 studies were
eliminated following the application of inclusion and exclusion
criteria. An additional 3 articles were identified from references
of relevant reviews, yielding a total of 24 studies. All of the 24
studies were included in narrative synthesis. Of these, 12 studies
that provided SBP and DBP data and used usual care or placebo
as comparisons were included in the meta-analysis. A flow
diagram of the selected studies is shown in Figure 1.
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Figure 1. Flow diagram of study selection. mHealth: mobile health.

Study Characteristics
Characteristics of the 24 studies are shown in Multimedia
Appendix 1. Of which, 3 studies were from the United Kingdom,
11 from the United States, 3 from Canada, and 1 each from
Spain, Taiwan (China), Chile, South Africa, Mexico, Iran, and
South Korea.

Two studies were conducted in rural areas [30,31] and 22 in
urban areas [32-53]. Four articles specifically targeted ethnic
minorities and underserved populations [32,44]. The age range
of patients across the 24 articles was 44 to 78 years. The duration
of the trials ranged from 1.5 to 18 months. Half of the projects
lasted for no more than 6 months. The mean sample size was
372, with a range from 54 to 1372, and 13 articles reported
missing data during follow-up [32,35-46].

In all, 18 studies drew on existing theories or models to guide
the intervention design [30,32,34-38,40,41,43-45,47-52]. JNC7
Guidelines and National Institute for Health and Care Excellence
guidelines were most frequently used for hypertension treatment.
Among 12 articles that were built on behavioral change theories
[30,31,35,36,41,42,45-50], the social cognitive theory and
determination theory were adopted the most. All 18 studies used
trea tment  as  usual  (TAU) as  a  control
[30-35,37-39,42-47,49,51,52]. The remaining 6 articles used
the sending of different messages to the control group compared
with the intervention group [36,40,41,48,50,53].

A total of 23 studies measured BP reduction [30-52]. Of which,
13 used the change in BP as their primary outcome
[31-33,37-39,41-43,47,49-51] and 5 used BP control as the main

outcome [33,42,44,46,52]. A total of 12 studies reported
medication adherence [32-35,37,39,41,42,44,49-51]. Another
9 studies assessed the change in effectiveness of
self-management behaviors [35-38,41,43,49,53]. The outcomes
of self-management behaviors were varied, including readiness
for behavior change, quality of life, and action plan protocol
adherence. Among the 24 studies, 6 articles reported results of
economic evaluation [37,42,44,46,52]. Finally, 6 articles
analyzed stakeholders’ satisfaction and experience with the
intervention [31,32,35,37,47,50].

Intervention Characteristics
To synthesize the effects of intervention features on
self-management of hypertension, this review categorized the
intervention content into 13 themes: educational information
of hypertension, educational information of a healthy lifestyle,
self-monitoring of BP, self-monitoring of behavior change, goal
setting, reminder of medication adherence, reminder of behavior
change, feedback from personnel, social support, motivational
encouragement, action plan, pharmacological support, and stress
management. Every intervention included at least two features.
Education about hypertension was included in every study. A
total of 17 studies conducted BP self-monitoring
[30,31,33,37,38,40-46,48,50-53]. Education about a healthy
lifestyle that comprises a low-salt diet and exercise combined
with goal setting in 15 studies [30,31,34-37,41,45-49,51-53].
A total of 10 studies set alerts to improve medication adherence
[31,33,38,39,45-47,50-52]; 4 studies provided motivational
encouragement to strengthen the patient’s self-efficacy [30,43];
3 studies provided a decision support system for an action plan
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made by doctors, pharmacists, or nurses [36,48,53]; and 1
intervention included stress management [49].

A total of 6 articles included more than one intervention group
[32,36,43,46,49,52,53]. Of which, 3 articles targeted the
differences in effectiveness between user-driven
self-management and self-management with interactive supports
from personnel [32,36,46], and 1 article measured different
outcomes based on varied compliance [34].

Intervention Delivery
The information about the intervention and control design was
based on the intervention platform, type, and content
(Multimedia Appendix 1). There were 10 interventions delivered
by using SMS text messages [32,34,37,43-45,47,49-51], half
of which generated automated messages and other customized
messages based on the feedback of participants [32,44,45,49,50].
Six studies utilized smartphone apps [39,43,44,47,50,51] and
2 of them were interactive [47,50]. Then 6 studies reported the
operation of automated emails [30,31,33,36,40,47]. Other
intervention devices included wireless BP monitoring, digital
medications automated or interactive voice calls, electronic
medication trays, and a combination of the elements mentioned
earlier.

Timing and Frequency
Intervention frequency varied considerably, and the fidelity of
the intervention was not always reported. For most of the
studies, a reminder to monitor BP was sent at least once a day.
Most of messages about behavior or medication adherence were
sent daily, and educational emails and feedbacks were sent
weekly. Adherence to the intervention protocol was reported in
10 articles [30,31,35,38,39,41-45]. Six articles reported the
difference between the required frequency of mHealth use and
the actual use [31,33,35,45,50]. The range was from 28% to
94%.

Outcome Measures
Of the total 24 studies, 12 met the selection criteria of the
meta-analysis [31-33,37-39,41-43,47,49,51]. All of them
reported SBP as the primary outcome; 9 of them reported the

DBP as well [33,37,38,41-43,47,49,51] and 9 articles reported
the proportion of participants achieving controlled BP
[31-33,35,39,41,42,44,49-51].

Meta-Analysis of Blood Pressure
A total of 3 articles had more than one intervention group with
the same outcome measured [32,43,49]. Therefore, 16
interventions were shown in the forest plot of SBP, 12
interventions for DBP analysis, and 10 interventions for the
comparison of BP control. As shown in Figure 2, the estimated
MD of SBP between intervention and control groups was
significant as −3.78 mm Hg (P<.001; 95% CI −4.67 to −2.89),

with moderate heterogeneity (Χ2
15=29.37, P=.01; I2=49%).

There was a statistically significant difference in DBP as −1.57
mm Hg (P<.001; 95% CI −2.28 to −0.86) between intervention
and control groups, also shown in the forest plot with low

heterogeneity (Χ2
11=18.05, P=.08; I2=39%; Figure 3). The OR

of BP control (Figure 4) in the intervention group was 1.42
times more than that in the control group (95% CI 1.23 to 1.65).

Heterogeneity was moderate (Χ2
9=18.11, P=.03; I2=50%).

Subgroup analyses were generally consistent with the main
finding, showing significant reductions in SBP and DBP in the
intervention groups for all subgroups analyzed (Table 1). Trials
with a tailored frequency of reminders [32,37,41,42], a
patient-doctor interactive loop [31,32,38,41,42,47,49], and
multifaceted functions [31,37,38,42,49] showed a larger overall
effect of both SBP and DBP, compared with trials with a fixed
frequency of reminders [31,33,38,39,43,47,49,51], a
noninteractive loop [33,37,39,43,51], and a single function
[32,33,39,41,47,51]. The overall SBP reduction is greater in
studies that lasted less than 12 months [31,33,37,39,49,51] than
studies that lasted longer than 12 months [32,38,41,47]. Further
sensitivity analyses were conducted by removing any trials
sequentially, revealing no substantial difference in the overall
effect for SBP and DBP. In addition, Margolis et al [42] was
regarded as the main article that influenced the heterogeneity
of the comparison of SBP according to the sensitivity analysis.

After excluding it from the analysis, the I2 statistic was reduced
from 49% to 24% (df=15; P=.18).

Figure 2. Forest plot of the difference of systolic blood pressure between intervention and control group.
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Figure 3. Forest plot of the difference of diastolic blood pressure between intervention and control group.

Figure 4. Forest plot of the difference of blood pressure control between intervention and control group.
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Table 1. Results from the subgroup analyses of mean differences in systolic blood pressure and diastolic blood pressure.

Diastolic blood pressureSystolic blood pressureAnalysis

Heterogeneity95% CIMean differ-
ence (mm Hg)

Studies, nHeterogeneity95% CIMean differ-
ence (mm Hg)

Studies, n

P valueI2 (%)P valueI2 (%)

.0839.0−2.28 to
−0.86

−1.579.0149.0−4.67 to
−2.89

−3.7812All studies

Subgroup analysis

Reminder frequency

.0470.0−5.03 to
0.49

−2.273.00970.0−6.67 to
−1.41

−4.044Tailored fre-
quency

.1929.0−2.77 to
−0.64

−1.706.1136.0−5.41 to
−2.30

−3.868Fixed frequency

Interactive pattern

.0162.0−4.82 to
−0.59

−2.715.00661.0−7.00 to
−2.75

−4.887Interactive loop

.710.0−2.49 to
−0.59

−1.544.460.0−4.47 to
−1.87

−3.175Noninteractive
loop

Intervention functions

.2423.0−3.27 to
−1.13

−2.204.0844.0−7.25 to
−3.77

−5.516Multifaceted
functions

.400.0−1.39 to
1.33

−0.035.780.0−3.41 to
−0.63

−2.026Single function

Duration

.470.0−3.06 to
−0.58

−1.824.0455.0−7.00 to
−1.59

−4.305Shorter than 12
months

.0262.0−3.37 to
−0.33

−1.855.0450.0−5.44 to
−2.34

−3.897Longer than 12
months (12
months includ-
ed)

Medication Adherence and Self-Management Behavior
This review narratively synthesized the outcome of medication
adherence and self-management behavior (Multimedia Appendix
2). A total of 7 articles reported statistically significant
improvement in medication adherence in intervention groups
[32,34,39,41,49-51]. Five studies suggested that mHealth
interventions improved medication adherence, despite
nonsignificant outcomes [33,35,37,41,44]. Morisky Medication
Adherence Scale was used in 6 studies [35,37,39,42,50,51]. As
a result, Bove et al [33] reported that there is no association
between medication adherence and BP control, that is, an
improvement in adherence did not necessarily lead to better BP
control. Of the 9 articles that focused on the behavioral change
of self-management, all reported positive effects either through
physical activities or through a healthier diet. Adverse events
reported in studies, such as medication side-effect and
cardiovascular event, were unrelated to self-management and
were evenly distributed across intervention and control groups.
An exception to this was McKinstry et al [37], who found 3
patients became anxious as a result of self-monitoring. Of which,
6 studies conducted qualitative research about satisfaction
related to the intervention [31,32,35,37,47,50]. All showed high

levels of satisfaction. Patients and physicians were keen
continuing to practice mHealth.

Economic Evaluation
A total of 6 articles measured the cost of mHealth (Multimedia
Appendix 2) [37,42,44,46,52]. In cost-saving analyses, 2
reported that the cost of mHealth interventions was higher than
control [37,42]. Two studies found the cost of mHealth
interventions was lower than that of control [44,47]. The
measurements of expenditure varied between study settings.
The main cost was from monitoring, mobile phone use,
connection charges, and cost of nurse support. However,
Davidson et al [44] adjusted the BP control effect into the cost
analysis, which means that patients with controlled BP after
receiving the experimental treatment saved the extra cost of
further treatment. This showed an overall health care cost saving
of over US $20,000 between intervention and control groups.

Risk of Bias
The overall risk of bias was relatively high, because no study
was absolutely free of bias. Eight articles were rated as low risk
for selection bias [30,35-38,48,53]. Others were judged to be
unclear as the procedure of the sequence generation was not
classified [31-34,38-46,50-52]. A total of 13 articles did not
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describe the methods of random allocation
[31,33,38-41,43-45,47,50-52]. The risk of detection bias was
high in 4 articles [37,38,43,46], as these studies were unmasked
to outcome assessors; 13 studies were rated as unclear, as there
was an insufficient illustration of whether they blinded the
outcome investigators [32-35,41,44-48,50,52]; 2 studies were
double-blind trials in which participants were blinded to
treatment conditions [36,53]. The control groups consisted of
sending different messages compared with the intervention
groups. Four articles reported no missing data from the baseline
to the endpoint [47,49,51,52]. Low risk of attrition bias was
found in 8 studies [43,44,46,47,49,51-53]. They reported that
less than 5% of participants withdrew from the follow-up were
analyses on an intention-to-treat basis for the missing data. Four

studies had a high risk of attrition bias as the rate of dropout
was over 15% in each study [30,33,40,48]. 92% (22/24) of the
total studies were defined as low risk of reporting bias because
all outcomes included in the protocol were reported in the results
[30-39,41-43,45-53]. Missing pre-specified outcomes occurred
in 2 articles resulting poor clarity in reporting bias [40,44]. In
addition, funding bias was considered. Two articles mentioned
that OMRON, which makes sphygmomanometers, including
for home use, donated the BP device [31,49]. This was identified
as a funding bias. Figure 5 describes the total risk of bias in the
24 studies. The funnel plot of the comparison of SBP and DBP
did not show any extreme asymmetry and outliers, which
suggests no significant publication bias.

Figure 5. Results of the risk of bias analysis.

Quality
According to the essential checklist of mHealth, a total of 16
items should be reported in the articles. The details of each item
are demonstrated in Table 2. An average of 55% (9/16) of the
16 items was mentioned in each study, from the lowest to the
highest proportion, 25% (4/16) and 81% (13/16), respectively.
Among the essential items, technology platform, intervention
delivery, and intervention content were reported in all 24

articles. Only 6 articles introduced the availability of
infrastructure, which can support technology operations in the
study site [30,31,34,41,43,47]. The rate of reporting of cost
assessment was also low (6/24, 25%). The usability of the
content testing, communication, and the technical solution to
meet the target population were described in 8 studies
[35,38,39,41,44,45,47,50], as well as the reporting rate of user
feedback [30,31,35,37,38,42,47,50].
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Table 2. Rate of reporting of each item in the Mobile Health Evidence Reporting and Assessment essential criteria checklist (N=24).

Report rate, n (%)Items

6 (25)Infrastructure

24 (100)Technology platform

11 (46)Interoperability

24 (100)Intervention delivery

24 (100)Intervention content

8 (33)Content testing

8 (33)User feedback

11 (46)Access of individual participants

6 (25)Cost assessment

11 (46)Adopting input

13 (54)Limitation for delivery at scale

5 (23)Contextual adaptability

18 (75)Replicability

12 (50)Data security

14 (58)Compliance with guideline

10 (42)Fidelity of the intervention

Discussion

Summary of Principal Findings
This systematic review found 24 RCTs with 8933 adult patients
with hypertension, which met the criteria to assess the
effectiveness of mHealth-enabled interventions in supporting
self-management. According to this meta-analysis, mHealth
interventions resulted in better BP control, with a significant
decrease of SBP and DBP by 3.78 mm Hg and 2.19 mm Hg,
respectively, compared with usual care. All 24 studies showed
a greater decrease in mHealth intervention groups than the
control groups. Findings of this review confirmed that
self-management education through mHealth was effective in
increasing patients’ knowledge of hypertension and a healthy
lifestyle, medication management, and self-efficacy.

Outcomes of the economic evaluations were inconsistent across
the studies. A total of 2 articles reported the negative outcomes
of cost focused on direct costs [37,42]. The cost of mobile
technology was shown as relatively high in rural areas. In
contrast, the cost of health professionals’ time in consulting in
urban areas was higher than that in the rural. Thus, cost became
an inevitable element when considering barriers and facilitators.

Mobile Health Intervention Design
All interventions were conducted via mobile technologies. A
total of 3 elements may have contributed to the effectiveness
of self-management: First, the high intensity of medication
reminders. Most studies focused on medication adherence
adopted weekly automated alerts and educational or motivational
messages. This increased exposure to interventions, which is
impossible in routine care. Brennan et al [41] conducted a
comparison between the different intensities of messages and
showed that a higher frequency of SMS text messages achieved

better medication adherence. However, previous research has
shown that reported high-dose reminders would result in
response fatigue [54].

Second, user-driven designs were frequently reflected in the
interventions and consisted of customized information and
patient-provider loop interactions. A total of 11 studies reported
2-way communication between patients and physicians
[31,32,38,41,42,46,47,49,50,52,53]. All interventions with an
interactive communication loop showed significantly positive
improvement in self-management behavior and BP change.
These findings were consistent with the subgroup analysis in
this review. Tailoring the intervention to the specific situation
and readiness of patients is considered as crucial to
self-management [55]. Particularly, Liu et al [36] compared the
user-driven and expert-driven group behavior change. The
expert-driven group showed better behavior change, perhaps
because patients from the expert-driven group had more
feedback, motivational commands, and support from physicians.

Finally, most of the interventions combined different functions.
A total of 12 interventions had more than 2 functions
[31,36-38,40,42,44,46,49,50,52,53], and 10 studies relied on
SMS text messaging as their main method, while they also
linked the BP monitoring devices to a Web-based system
[32,34,37,43-45,47,49-51]. According to this subgroup analysis,
studies with multifaceted functions had a larger effect on SBP
and DBP reduction than those with a single function. In
conclusion, the tailored frequency of messages based on
patients’ health status and readiness, two-way interactive
communication, and multifaceted interventions can produce
better effectiveness in the self-management of hypertension.
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Strengths and Limitations of Studies Included in This
Review
Significant heterogeneity showed in the meta-analysis of SBP.
The reason for this is the variation in interventions. It also affects
the calculation of the overall estimate [56]. According to the
sensitivity analysis, Margolis et al [42] was regarded as the
main article, which influenced the heterogeneity.

The occurrence of heterogeneity highlighted the strengths and
limitations of the included studies. Strengths are illustrated as
follows: first, more than half (13/24, 54%) of the total studies
conducted power calculations for clinical data outcomes
[32-38,42,43,46,48,51,53]. Second, the description of each
intervention provided clear and sufficient details, allowing a
thorough understanding of the method. Finally, the reporting
rate of detail in the research methods was high within all articles.
Over 80% (21/26) of the items listed in the mERA
methodological checklist were described in these studies. This
showed significant progress compared with the studies included
in the previous review [57].

Particularly, self-reporting bias of compliance is clearly a
potential weakness of mHealth. It would increase the risk of
recall and social desirability bias. The reliability of self-reporting
depends partly on the educational, socioeconomic, and cultural
background of participants [58]. However, studies included in
this review attempted to reduce the self-reporting bias. A total
of 17 articles used self-reporting in their studies
[30-35,39-46,50,52,53]. Of the 17 articles, 12 articles took steps
to test the validity of self-reporting data, including home visits
for behavior checks, BP monitoring devices connected to
websites, and random phone calls to check medication adherence
[31,33,35,39-44,47,52,53].

Referring to the limitations, the duration of the studies included
was relatively short. Only 10 studies lasted for or over 1 year
[32,38,41-43,46-48,51,52]. The result of subgroup analysis
according to the duration of trials found in this study was similar
to a previous meta-analysis, which compared digital
interventions with conventional methods [59]. The overall
effects of SBP and DBP were inconsistent between studies with
shorter and longer durations. Thus, more evidence is needed to
confirm the long-term effect of mHealth.

Though all articles were published after 2010 when the
CONSORT-EHEALTH statement for reporting of eHealth and
mHealth interventions was released [60], many mHealth
intervention details were still unreported. Though performance
bias was a prominent weakness in mHealth intervention, it can
be explained by the interactive nature of the interventions, which
is difficult for participants to be blinded to their health care
providers [61]. Small sample size was also prominent in the
included studies, which would cause a huge difference in the
estimates of the target population.

In addition, all studies were from high-middle and high-income
countries. Similarly, the study sites were mostly in urban
settings, which restricts the diversity of the target populations.
This is despite the fact that one of the important benefits of
mHealth is to allow patients to receive adequate care remotely
[19]. Davidson [44] reported more considerable cost savings in

the mHealth group than in the control group in the study of
underserved populations.

The relatively homogeneous populations limited the
generalizability of the mHealth intervention. It is also important
to consider culture-related differences, racial diversity, and the
heterogenetic patterns of mHealth interventions, which have
been mentioned in discussion of almost all articles. Nevertheless,
only 5 studies have examined the potential cultural adaptation
of mHealth in different settings [31,32,35,41,50]. Specifying
cultural and contextual adaptabilities of mHealth interventions
would help clarify whether the study design can be considered
as a potentially useful platform for future research. Other
observable limitations include the fact that only 6 articles
reported users’ satisfaction [31,32,35,37,47,50].

In relation to economic evaluations, mHealth showed only a
small short-term economic benefit, but enormous potential in
the longer term [62]. However, the longest duration of studies
in this review is 18 months [46,52].

Strengths and Weaknesses of This Systematic Review
To our knowledge, this is the first systematic review that
analyzed the relationship between the characteristics of
mHealth-enabled hypertension self-management and the clinical
and behavioral outcomes, using both meta-analysis and narrative
synthesis. More importantly, this review adds to a body of
knowledge of the strengths and limitations of included studies
against the mERA checklist.

The chief weakness is the observed heterogeneities in relation
to the intervention and control features. In addition, this review
only recruited RCTs and excluded other designs with analyses
that might also have overcome confounding. The language was
restricted to English, which reduces the diversity of studies
analyzed. Moreover, the sensitivity analysis was only conducted
by excluding each trial sequentially to determine the influence
of a single study. Owing to the small number of studies included,
studies were not divided into different categories for further
sensitivity analyses.

Implication of Policy Making and Further Research
Considering that at least one-third of patients with hypertension
have uncontrolled BP, this review provided evidence that
mHealth self-management could improve hypertension
management and reduce the risks of stroke and CVD. There is
increasing interest comparing benefits of mHealth approaches.
Questions remain to be addressed about the values of diverse
mHealth methods. To promote mHealth interventions of
self-management effectively and efficiently, more clinical
studies are warranted to detect the relationship between the
specific intervention pattern and outcomes. In addition, patients’
compliance with self-management interventions should be
examined in the future.

According to the generalizability, there is a necessity to
determine whether mHealth-based self-management methods
should be tailored to age groups, cultural contexts, or need to
be extended to include support from health care personnel.
Therefore, training physicians to ensure that patients’behaviors
are maintained and adopted convincingly is also necessary.
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Clinical trials are called for to fill the gap of techniques of
appropriate combination of mHealth intervention and routine
care. Thus, more long-term economic evaluation needs to be
done.

Conclusions
The intent of this systematic review was to identify and evaluate
the effectiveness of mHealth-enabled self-management of
hypertension from RCTs. This review clearly demonstrated that
an mHealth-enabled hypertension self-management intervention
was effective in improving SBP, DBP, and BP control. Both
medication adherence and self-management behavior showed
positive changes after the intervention. Economic evaluations

presented potential cost saving in long-term effectiveness. It is
the first analysis that combines clinical data and intervention
features.

In conclusion, mHealth self-management has proved to be a
potentially useful intervention strategy for BP management.
mHealth interventions could be beneficial for BP control at the
individual level and in reducing the burden of hypertension at
the population level. The development of mobile technologies
is especially useful when health care resources are inadequate.
The broader utilization of mHealth self-management will be an
important contributor to improving the quality of health care
and meeting the target of universal health coverage.
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Abstract

Background: Advances in the development of information and communication technologies have facilitated social and sexual
interrelationships, thanks to the websites and apps created to this end. However, these resources can also encourage sexual contacts
without appropriate preventive measures in relation to HIV and other sexually transmitted infections (STIs). How can users be
helped to benefit from the advantages of these apps while keeping in mind those preventive measures?

Objective: This study aimed to prevent STIs by helping users to remember preventive measures in the risky situations.

Methods: We have used the design and creation methodology and have developed a software system. This system has two
parts: an Android operating system app with emphasis on ubiquitous computing and gamification as well as a server with a
webpage. First, a functional test with 5 men who have sex with men (MSM) allowed us to test the app with end users. In addition,
a feasibility test with 4 MSM for a month allowed us to try the UBESAFE system with all its functionalities.

Results: The main output is a system called UBESAFE that is addressed to MSM. The system has two main parts: (1) an app
that sends preventive contextualized messages to users when they use a contact app or when they are near a point where sexual
contacts are likely and (2) a server part that was managed by the public health agency of Barcelona (ASPB), which preserves the
quality and pertinence of messages and places and offers instant help to users. To increase users’ adherence, UBESAFE uses a
gamified system to engage users in the creation of preventive messages. Users increased the initial pool of messages by more
than 100% (34/30) and created more than 56% (9/16) of places (named hot zones).

Conclusions: The system helped MSM who used it to become conscious about HIV and other STIs. The system also helped
the ASPB to stay in contact with MSM and to detect behaviors that could benefit from preventive measures. All functions were
performed in a nonintrusive manner because users used the app privately. Furthermore, the system has shown how important it
is to make users a part of the creation process as well as to develop apps that work by themselves and thus become useful to the
users.

(JMIR Mhealth Uhealth 2020;8(3):e14568)   doi:10.2196/14568
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Introduction

Background
Currently, many health organizations work actively to decrease
the number of HIV infections. Despite the major advances in
the treatment of HIV, prevention of infection is still better than
treatment [1]. In the recent years, the number of health
campaigns and the number of locations where such health
campaigns are implemented have grown substantially [2].
Nowadays, many different types of methods are available to
disseminate information about health and prevention of diseases.
Some of the main methods include publicity projects, outreach
work with groups of individuals who may be at risk, the
monitoring and control at a national level of items recognized
as having a negative impact on health, programs at educational
institutions, and the use of social media, to name a few [3].
Nevertheless, it is important to consider the impact of the
information and communication technology in social
relationships. Many studies show how the internet has been
considered as a connection point to meet sexual partners [4,5].

However, with the introduction of smartphones and tablets to
the market, information is increasingly omnipresent and, as a
consequence, the access to apps and social networks is more
ubiquitous [6,7]. Dating mobile apps are also modern tools to
find sexual partners through the internet, considering aspects
such as location, timing, and taste, among others. It has also
been shown how dating apps impact HIV infection for many
reasons: first, users can find sexual partners easily on the go;
second, users maximize the likelihood to find a sexual partner
because apps are free; and third, there are dating apps for
heterosexual and gay and bisexual communities. People who
use the dating apps and have these sexual conducts usually take
more risks when they have a sexual encounter [8].

Researchers have examined the main tools that are currently
used for preventing the spread of HIV [9]. These tools include
Web-based and mobile apps, games, and social media, among
others. The target of many of these campaigns and of several
strategic plans to control HIV infections are men who have sex
with men (MSM) because they are considered a high-risk group
in most European and American countries. In this context, most
efforts have been directed toward prevention through the use
of apps that provide information when facing specific situations
and behavior. It has also been suggested that researchers in
public health should work with app developers to incorporate
innovative elements, starting with interventions that reduce the
risk and the associated behaviors, as well as that improve the
inclusivity and interactivity of the apps [10].

Choi et al [11] showed how an app can help introduce healthier
behaviors regarding HIV, although they found no concluding
remarks about risk reduction. Alarcon et al [12] have shown
that sending messages through apps helps to promote testing
for HIV and other sexually transmitted infections (STIs). Biello
et al [13] proposed a study to analyze an app that promotes the
uptake of HIV testing and pre-exposure prophylaxis. Although

this last app has a similar target to that proposed in this paper,
it is an informative app that is focused on informing about how
to get tested and where to get prophylaxis measures, but not on
sending context-based messages as the one proposed in this
paper. Chow et al [14] show how using geolocalized apps offer
several opportunities in HIV prevention. However, as far as we
know, this is the first time that context of the users is used to
prevent risky behaviors in HIV, thanks to the characteristics
and omnipresence of smartphones.

This Work
This work addresses these drawbacks by developing an app to
send preventive notifications to users when it detects situations
such as the activation of a particular app (dating app) on their
smartphone, or their proximity to areas with a high probability
of intercourse. To increase adherence, the app uses gamification
techniques. The development process has been performed in a
co-design process with potential users (MSM) with a goal of
developing a system that has value for users per se [15] and
increases users’ adherence and preventive effect. This work is
the continuation of work by Besoain et al [16] in which the use
of mobile devices and their ubiquity was used to prevent STIs.

We based our design of this technological approach on the
elaboration likelihood model that describes a framework of
multiple processes in which communication variables (eg,
channel or message) can change people’s attitudes and
ultimately their behavior [17]. Several investigations in social
psychology have consistently shown that the thoughts that
people generate in response to social information are important
predictors of their attitudes and behaviors [18]. Many of the
studies on attitude change use specific communicative
information (persuasive messages) to generate thoughts of
different directionality. Therefore, messages have been used
with arguments in a favorable or unfavorable direction (see for
a review [19]). When a person receives arguments that are
strong, this tends to generate thoughts in line with the
information [20].

Therefore, in this app, participants received, and were asked to
help the health community to generate, favorable arguments for
healthy behavior, such as using condoms, with the aim of
generating thoughts in this direction and positively impacting
users’ future decisions. However, it is important to note that in
this study, our objective was to develop the technology and test
the main idea in general terms. More specific studies about the
effects of the arguments for healthy behavior with this
technology will be a part of future work.

This paper describes an app developed for HIV prevention called
UBESAFE. To prevent users from feeling that the app has an
overbearing monitoring effect, it has been designed in a way
that allows them to actively participate in the creation of a tool
to reinforce healthy behavior. Users download UBESAFE and
configure it themselves. They can use the app in two main ways,
to reinforce healthy behavior when (1) using contact apps that
could be used for initiating sexual relationships (Grindr,
ManHunt, etc) and (2) walking or passing by a geographical
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area (hotzone) where sexual activities could occur, for example,
gay saunas and nightclubs. The users select the contact apps
alone or the contact apps along with geographical areas that
they want to include in UBESAFE, taking an active role in the
process. When users engage in one of these activities (use a
preselected contact app or move through a preselected hotzone),
UBESAFE sends a health notification message. These HIV
prevention messages are not designed to discourage sexual
relationships, but rather to encourage users to make healthy
decisions and increase the awareness of their sexual health (for
example, do not forget to use condoms). The HIV prevention
messages are written by MSM with the guidance of health
professionals. Furthermore, to encourage an active role, users
can write their own messages. In a gamification aspect of the
app, users can earn points if they post messages. It is important
to note that UBESAFE does not intend to stigmatize sex, but
rather encourage awareness and healthy sex decisions to
contribute to HIV prevention.

The paper is structured as follows: (1) the methods used to create
the app are introduced, and the architecture and use cases of the
app are shown; (2) the results, which are mainly the main
features of the app and its utility as a preventive tool, are
presented; and (3) our conclusions and future work in this area
are described.

Methods

Overview
The method used in this research follows the design and creation
approach to create a system with two parts: a management web
server for health professionals; and an app for users, which is
the main preventive element. The app uses ubiquitous computing
concepts [21], localization services [22], and game mechanics
[23,24] to prevent HIV infections and other STIs. This process
has been divided in two steps: (1) a co-design methodology to
enhance and address the functional requirements of the app by
a group of potential users [15], and (2) a functional and a
feasibility test has been performed to evaluate the app with a
target group [25,26].

To design and develop the app, the following methodologies
have been followed:

• The design process was performed with health experts and
the target group. It is important to note that because the app
will be a supervised app, both health experts and target
group will be users of different parts of the app, and they
both will pursue different goals. This co-design
methodology plays a key role because we plan to create an
app useful for both kinds of users, and it is important to
create something with added value for every single user,
but trying to avoid interference, from the user experience
(UX) point of view, between the different goals. The
co-design was performed through focus groups, surveys,

and functional testing. The result is an incremental process
that has gone through three previous apps:
• Ubiapp used geofencing to recognize different hotspots

(places with high probability of sexual encounter) and
the use of a list of risky apps (dating apps) for
delivering a health message [16]. In the development
of this app, a study with 17 MSM helped obtain a pool
of messages that were later used as the seed pool of
messages of UBESAFE.

• Ubinut launches health messages addressed to prevent
obesity and allow the users to score them on a Likert
scale [27].

• Geonut has the same functionality as Ubinut, but it also
incorporates geofencing to hotspots (in this case, places
with restaurants, fast food courts, among others).

To test the app and choose the health or preventive messages,
a test was performed in two steps. First, a functional test was
performed with 5 MSM for 2 weeks with the aim of receiving
feedback on the UX through a focus group. The number of the
participants in the study was based on the open call for
volunteers through the public health agency of Barcelona
(ASPB); the volunteers were MSM HIV-negative. The number
is considered sufficient because the objective of this study was
to test technical aspects of the app in a real situation and also
receive initial feedback from the user. The second study was a
feasibility test that was then performed with 4 MSM for a month
to try the UBESAFE system with all of its functionalities. These
participants were the same as those from the first study, except
for one participant who could not continue because of lack of
time. The purpose of this initial test was to receive feedback on
the UX through a focus group with MSM. The previous
experiences with Ubiapp, Ubinut, and Geonut were taken into
account to test the system.

The UBESAFE system has two major components (Figure 1):

1. Simple web interface system (SWIS), which allows the
health administrator to add, modify, and delete messages
and point of interest (POI, known as hot zone)

2. Mobile app developed for Android operating system version
6.0.1 allows the mobile users to receive notifications based
on a smart context in three ways:
• Browsing a hotlink (URL Patrol)
• Using a risk app
• Being nearby a hot zone (Localization)

These notifications are any of both health messages provided
by a health administrator and user private messages. User can
also interact with other functionalities such as the following:

• Evaluate a message with a Likert scale
• Share a message or POI with the web server
• See user stats on the gamification module
• Contact a health professional
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Figure 1. Architecture of solution and components of the UBESAFE system. This includes (1) simple web interface system, (2) web server, and (3)
Android clients. SWIS: simple web interface system.

Flux of Work of UBESAFE System
To understand all functionalities and how the app is structured,
the following system is presented (see Figure 2):

1. Mobile app: the mobile app has two main activities:
• URL patrol, which has all the functionalities of a web

browser but with the preventive system incorporated.
• UBESAFE, which works by detecting the different

situations that can make the users aware of their actions
through a health message. Thus, the message will be

ranked by the users on a Likert scale from 1 to 5, where
1 is the least interesting and 5 is the most interesting.

2. SWIS, through which the health administrator is able to
approve, modify, or delete the messages and POIs shared
by the users. The system also shows statistics of users’
scoring and most valued messages, number of users, etc.

As can be seen from Figure 1, it is important to note that
UBESAFE is an app supervised by health professionals, who
can benefit from the knowledge taken from the app to improve
their prevention campaigns and also ensure that the messages
in the app will always be true and respectful.

Figure 2. Flux of work of the app. ASPB: public health agency of Barcelona; SWIS: simple web interface system; POI: point of interest.
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UBESAFE App
The mobile app UBESAFE has two main activities with their
own functionalities:

• First, UBESAFE includes the detection of any of both
proximity to specific areas (what we call hot zones) and the
use of any apps that the user wants to be warned on using
it (what we call risky apps).

• Second, URL patrol notifies the users when it detects what
we call a hot URL, that is, a URL that the user has marked
as one to be warned when clicking on it.

It is important to note that all health messages are retrieved from
a local database. This database is controlled from the SWIS and
updated every time that a new message or POI is detected, and
the administrator releases a new version of the database.

The functionalities and the flux of work for UBESAFE is
presented in Figure 2.

The first time that UBESAFE is run on the mobile device, the
mobile users will have to fill in their data and configure the app.
The process is performed in three steps. First, once the app is
opened by touching the UBESAFE icon, the app will check the
user data. Second, a preference list will be shown to fill with
their information. Finally, once the users have entered all the
information, the app will process in background to sign in the
users to the SWIS database and download the messages and
POI available from the SWIS to query them locally (this process
happens on the login section of the Figure 2). Once the mobile
users have completed the information requested by the app, the
health administrator will be able to see the users’ data in the
users’ section of the SWIS system, as will be shown in SWIS
section. The app allows the users to participate in the community

sharing data for research purposes, or they can choose to be
anonymous.

Detecting Risk Apps
For detecting risk apps, the users need to configure the service
known as AppPatrol. This service will show the mobile users
all the apps installed on their device. The mobile users will
select the apps for monitoring and then activate the service.
This service, similar to all the services of UBESAFE, works in
background, and the mobile users do not need to start it again.
It will continuously be monitoring the device until the service
is deactivated.

It is important to note that it is the user who decides to add the
option to receive a warning on using the app. If the users do not
add, they will not get any message on using the app. It is
important to note that all the process is within the smartphone,
and no data are stored regarding the use of the app or the apps
for which the user has added to be warned.

Figure 3 shows three states of the app at different times: (1)
once the app is opened by touching the UBESAFE icon, (2) the
users select in the preference section the AppPatrol settings,
and (3) a list with all the icons and name of the installed apps
will be shown (this service is off by default).

Once the users activate the service, they can choose the apps
they wish to be warned about. Right part of Figure 3 shows the
list of installed apps, the user selects apps from the list to
monitor. This action is performed by doing a long press on the
list (according to the mobile standards, a long action present
selection on a list). Thereafter, the user starts the service. This
service is always on (algorithms to optimize this service are
shown in section Detecting Hot Zones).

Figure 3. UBESAFE—Android client: setting the AppPatrol service on the app.

Detecting Hot Zones
The module to detect hot zones is known as Map Patrol (see
Figure 4); it is responsible for sending health messages to users
when the app detects the proximity to areas with a high

probability of intercourse (hot zones). In addition, the UX has
been enhanced with several functionalities:

• To add private POI to the database of the mobile devices.
• To share the POI with the community sending the

information to the Information server.
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• To delete any POI from the database, allowing the mobile
users to choose which hot zones to detect.

When the user has selected the Map Patrol option, the app opens
a mapView with the user’s current positions and POI or hot
zones nearby. In the configuration section, the mobile users can
add POIs and manage a single POI (share it with the community
or delete it). It is important to note that UBESAFE allows users
to add their own POI, and users themselves decide if they want
to share them with the community or not. This option helps to
increase the value of the app for users because they can use it
to keep their own POI.

Figure 4 shows three states of the app at different times:

• First, the users select adding POI in the Map Patrol settings.
In the mapView interface, the users select from a mapView
a point by doing a long press on the map. The app
automatically will get the latitude and longitude; thereafter,
the users must write a name of the POI.

• Second, the app shows the mapView with the recently added
POI. If the user touches the POI, then UBESAFE shows
information and distance from the user’s current position
to the POI.

• Third, on the right, two POIs can be seen nearby the user’s
current position.

Besides adding their own POI to the app, mobile users also have
the option of sharing the POI with the community by sending
the information to the information server, and deleting any POI
from the database, allowing the mobile users to choose which
hot zones to detect. To do this, (1) the users have to select to
manage POI in the Map patrol settings; (2) the app shows a list
with the POIs (it is important to note that each POI has an icon
to the left that shows the current status of the POI: shared or
local); and (3) by doing a long press on the target POI, the
mobile users can delete the POI from the local database. In
addition, the users can select the POI to share with the
community by doing a simple press.

Figure 4. UBESAFE—Android client: adding users’ favorite hot zones for future monitoring of the alert service.

Managing Health Messages
To improve the functionality and UX related to the health
messages, UBESAFE allows the mobile users to score the health
message received. The app uses the notification manager service
of the Android operating system and presents the message on
the notification bar. Moreover, because the app is running in
the background all the time, there is no action needed by the
users to activate this detection.

This interface includes two shortcuts to the map patrol; thus,
the mobile users can see their position and all the POIs nearby,
which allows the mobile users to add, delete, and upload their
own health messages. The mobile users can access this interface
from the main menu in Comments (see left side of Figure 5) or
any time they get a new notification.

When the users open the notification, the app will prompt them
to rank the received message out of 5 stars, as it is shown in the
center and right side of Figure 5. After the ranking process, the
app sends this score to the SWIS where the health administrator
can see the average and the highest scored message.

Mobile users can add their own messages because they can have
private messages for their consideration. They can also, if they
wish, upload, and share their private messages with the
community. When the users want to share a message, it will be
uploaded to the information server where the health
administrator can review it through the SWIS. This revision
could modify the original message if needed. Thereafter, the
message will be added to the system main database. Thus, users
can contribute and add the messages that they think can be more
helpful to result in a behavioral change.
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Figure 5. UBESAFE—Android client: primary interface for scoring messages with shortcuts for contribution and mapView.

To share a message with the community, the users must perform
the following procedure: (1) the app shows a list with the
messages, and the mobile users can add or upload a message to
the information server; (2) the users, by doing a simple press,
select the message and then select the sync symbol; and (3) the
message has changed the icon from the left, showing that the
private message is updated to the web server.

Gamification Scoreboard
UBESAFE has a scoreboard with the most valued health
messages and users’ ranking. Every time that mobile users share
a POI or health message, they get an amount of points of
experience in exchange: the amount of experience awarded is
related to the number of actions that the users have performed
in the system; the more messages or POIs they share with the
community, the more experience they get. Depending on the
amount of experience, mobile users will get a medal that reflects
their rank in the system. The contribution will also be presented
on a scoreboard, enhancing the experience with the system and
promoting the sharing and contributing of POI and messages
to the UBESAFE system.

In the gamification section of the app, first, the app shows the
main menu, where the users select the punctuation; and second,
the users can see the number of shared contributions (messages
and POI). They can also see a bar of experience and the current
medal; the image from the right shows how the users have
increased their experience in the bar. This happens because the
mobile users have shared more messages and POIs.

The use of experience points, medals, and ranking in UBESAFE
is an example of gamification because it uses these elements to
motivate users to participate more actively in the community.
It promotes a sense of competition between the users and allows
them to see their accomplishments.

It is important to note that gamification is within the part of
prevention and has two extra effects: (1) users get involved in
the preventive messages, and messages can be better tuned for
target users preferences; and (2) by sharing POIs and messages,
health service can improve the design of prevention campaigns
by the language used, as well as by the places in which to launch
campaigns.

URL Patrol UBESAFE
URL Patrol is part of the UBESAFE app, but it could be run
independently as a web browser because it allows users to
navigate on the internet. They can open the URL patrol
preferences, where they can add or delete any website that users
want to be warned about when getting into it. The kind of URLs
that one can expect to find here are those related to contact apps
or contact websites. The app comes with a preloaded list of
websites such as Grindr [28], Manhunt [29], Tinder [24,30].

When the users navigate on a website that is on the list, the
system will detect that action and will notify the mobile user
with a health message. It is important to mention that URL
Patrol is not another mobile app, but part of UBESAFE and can
be run independently for UX purposes. Mobile users can
configure URL patrol as their default web client and use it to
navigate on the internet as part of the detection and prevention
system.

Simple Web Information System
The SWIS is the interface that allows a health professional to
review and check the messages and POIs shared by the mobile
users. This interface is important because it is part of a workflow
that is controlled by a health professional. The workflow secures
the information and validates the messages that will be sent to
the mobile users. Figure 6 represents the SWIS with their
modules and functionalities.
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Figure 6. UBESAFE—web client: web interface where the health professional can access and manipulate all the data related to the UBESAFE system.

Once the health administrator gets into the SWIS, the following
modules will be presented:

• Users: information about the users (user name, nationality,
age, and UID, the internal code that identifies the mobile
devices where the UBESAFE app was installed).

• Messages: here the health administrator will be able to
create, manage, and delete messages from the system. This
will also include the messages shared by the users.
• Create message: the administrator can add a health

message to the system. The message can be in three
languages (English, Spanish, and Catalan). If the
administrator does not include the message in one of
the available languages, the message will not appear
in that language.

• Administration: the administrator can update or delete
a specific message. This option is used to modify
mobile users’ contributions or refine a proposed health
message.

• User’s evaluation: in this section, the administrator can
see the frequency of scored messages by the mobile
users per day (graph). Moreover, a list is shown ordered
by the average scoring of the system for each message,
and the frequency of the scoring by the users per day.

• User’s contribution: a list with the messages shared by
the users is shown. The administrator can update the
message, translate it, and approve or delete it. Once the
message is approved, it is considered for the next
update of the database and shared to the users’
community.

• Zones: here, the health administrator will be able to create,
manage, and delete hot zones from the system. This will
also include the hot zones and POIs shared by the users.
• Create POI: the administrator, through positioning a

POI into the map interface, is able to add a hot zone to
the database.

• mapView: here the hot zones are shown. Thus, the
administrator can have a global and geographic
perspective of the data that are stored into the system.

• POI administration: the administrator can see, approve,
or delete POIs in the system. The interface provides
the latitude and longitude information and also can
show the point on a map, by using Google Maps
interface.

• User’s contribution: a list with the POIs contributed by
the users is shown. The administrator can see, approve,
or delete every single POI.

See Figure 2 for flux of work of the SWIS.

Optimization and Key Points
Optimization is a key factor for mobile devices because the
main power source (the battery) is limited. The resources that
spend more battery on a mobile device are the screen, GPS,
long processing times, and an internet connection. Taking this
into consideration, all the algorithms were optimized to provide
the maximum efficiency in the use of resources.

Optimization and refining have been done during the whole
process of software development, considering all the apps
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developed. In UBESAFE, AlarmManager and broadcaster
receiver allow the app to control the different states of the
mobile device during its uptime.

For the alert service, the following states were considered to
save battery.

1. It is detected when the mobile device is connected to a USB
cable. The connection could be done for two purposes:
• To charge the mobile device
• To connect to a computer

In both cases, the mobile device is generally not being used
outside, and therefore, there is no need to use the detection of
hot zones.

1. The algorithm was enhanced for localization, polling the
GPS less than the alert service of the other mobile apps
with high accuracy.

2. The update service is not running all the time. It is
responsible for retrieving data from the information server
every other day because the versions of data are expected
to change in a period of days.

For the risk service, the following premise was considered to
save battery. Every time that the users are using a contact app
on their smartphones, they are using the device. Therefore, the
app with the risk services will only be detected when the screen
is on. Otherwise, it is assumed that the smartphone is off or in
a standby mode. Hence, the current state of the device is
checked, using the PowerManager of Android application
programming interface. Thus, it is possible to infer what the
users are doing with the device, starting the risk service when
it is necessary rather than all the time.

Finally, the AlarmManager provides access to system-level
alarm services. Using the AlarmManager allows an app to
schedule tasks that may need to run or repeat beyond the scope
of its lifecycle. The Android system tries to batch alarms at
similar intervals or times together to preserve battery life. By
batching alarms from multiple apps, the system can avoid

frequent device waking and networking. Therefore, it saves
battery and resources.

Ethics and Consent Statement
We did not have to ask for ethical approval because at the time
of the study, it was not legally necessary to ask for ethical
approval for a study where no health-relevant information and
personal data were collected from participants because they
were already registered in the ASPB, and no personal data are
stored within the app. Nevertheless, the users volunteered to
become part of the project, received no financial compensation,
and could leave the project whenever they wanted. In addition,
all the information was shared with them.

Test the App
As mentioned in the overview, two tests were performed on the
app. The first was a functional test with the objective to receive
user feedback about technical aspects and usability, whereas
the second was a feasibility test to try the UBESAFE system
with all of its functionalities. Below, the results are discussed
in further detail.

Results

Functional Testing Results
The demographic characteristics of the sample are shown in
Table 1. Two of the participants are in their 30s and two are
older than 40 years. Four of them were Spanish, and one was
from Chile.

All the volunteers declared using the mobile device as their
primary device for accessing the internet. Moreover, all five of
them have an internet plan on their devices. Therefore, they
were fully connected the whole time. In this context, they also
declared to be constantly aware if the devices have some
notification or message. This effect was increased by the
ubiquity of the information. Today, a notification on the mobile
device is information from a message, text, email, or game
notification, among others.

Table 1. Sociodemographic characteristics of volunteers.

Country of birthLevel of studiesOccupationAge (years)

SpainUndergraduate degreeNurse27

SpainUndergraduate degreeInterior designer42

ChileUndergraduate degreeMedic30

SpainProfessional degreeReceptionist37

SpainUndergraduate degreeActor45

In addition, all five of the volunteers mentioned that they used
the mobile device to chat with friends. Meanwhile, two of them
also declared that they use the mobile device to chat with
unknown people. In this context, the mobile device was also
used to search for information related to health topics such as
STIs, HIV, health centers, and sports.

The volunteers used UBESAFE for 2 weeks with the following
detections:

• Execution of some kind of app: applies in situations where
users open apps designed for contacting sexual partners,
such as Manhunt.

• Proximity to a geographical zone where sexual contacts
often take place: applies in situations where users enter or
are near to what we call a hot zone.

• Detection of a target URL: applies in situations where users
open a target URL.
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It is important to note that this version of the app only sends a
health message. Once the notification has been displayed, the
software can interact with other installed apps, for example,
allowing the users to share the notification through email, text
message, or social networks. Thus, users have a fully connected
experience that can also help to promote prevention among
others. When they receive a notification, the users can make an
informed decision regarding the possible consequences of their
behavior. As a result, the use of this software raises users’
awareness of their actions and encourages them to take steps to
limit the spread of STIs.

All of the volunteers declared that they were able to install and
configure the app without problems and the app did not
compromise the standard functioning of the devices. Regarding
the three main functionalities of UBESAFE in this version
(detection of hot zones, risk apps, and URL of contact), two of

the volunteers mentioned that they received health notification
when they were near a hot zone or using a risk app, and three
received a health message through the URL detection when
they were navigating on the internet.

As part of the discussion and conclusions of the experience of
the focus group, Table 2 describes the highlights to be
considered: with this first initial testing, it was possible to test
the three most important functionalities of detection of the apps
and know the users’ perceptions with the aim of enhancing the
UX of the system. This test also had a technical tracking of bugs
and issues through the Google Play platform for developers.
Finally, there is a continuous refinement of the modules of the
app as part of the iterative development methodology. All these
experiences have increased the value of the product, with more
emphasis on the users than on the process.

Table 2. Perceptions of volunteers in the functional test.

AnalysisVolunteers comments

This feature was developed on purpose in the first version to see how the mobile users will react to the no-
tifications on demand. Next versions allowed a configuration of the timing of the notifications.

I got a lot of messages for the use of one
application

Battery consumption is an issue in all apps that require the constant processing of data. In this case, the use
of the mapView consumes energy from two principal sources: localization and screen.

Battery consumption when I use the map

This happens because the experiment had 20 messages for testing purposes. The messages will be presented
randomly. A big database of health message is required to avoid repetition.

Repetition of the health messages in the
different detections

Some zones are provided by the health administrator, but there is knowledge that only MSMa know and
could be beneficial for the community and future interventions of the public health service.

It is necessary to have more hot zones

aMSM: men who have sex with men.

Feasibility Testing Context
Four MSM volunteers were enrolled to participate actively in
the feasibility evaluation of the UBESAFE system. They were
enrolled in Barcelona, a city with an important offer of gay
leisure. All the participants declared that they utilized social
networks through their smartphones frequently (at least twice
a day). They were aged between 27 and 45 years. It is important
to consider that the UBESAFE system aims to have a preventive
role, making users more conscious of their actions.

Data Sources and Collection
The data were collected through the smartphones owned by the
users. All the data obtained from the system were stored in the
database as the foundation of the analysis. Moreover, the data
were collected through the SWIS and analyzed concurrently. It
is relevant to mention that all the users agreed to share the
information for further analysis; setting this option was a
requirement to run the app.

Data were collected at three different times: first, through the
entry survey; second, through the smartphones; finally, through
a final focus group. The objective of the entry survey was to
learn more about the target group, regarding their knowledge,
habits, and behaviors. The aim of the final focus group was to
learn about the UX experience with UBESAFE and collect
software suggestions.

The app collects the following three types of data at different
times:

1. Profile information: this information is collected the first
time that the users run the app. At that moment, the users’
contact information is requested such as user name, email,
age, and nationality. In addition, the users must set if they
want to share this information with the system or use the
system anonymously. With these data, users’ profiles are
created on the SWIS that later are related with their scores
on the health messages.

2. Perceptions: when UBESAFE detects any of the three
detection systems, it will notify the users in the notification
bar of the smartphone. The users will be prompted to read
the health message and score it on a scale from 1 to 5
(Figure 5).

3. Question for the health administrator: the users were able
to send questions to the health administrator in charge
(professional of the ASPB).

The health administrator through the SWIS can access to see
and review all the data from the system. Several actions can be
taken related to the Create, Read, Update, and Delete (CRUD)
of messages and POIs on the system. Moreover, the health
administrator has a key role in the revision and approval of
health data provided by the smartphone users. In addition to the
management options, the SWIS shows the list of messages and
graphs of perceptions of the users. These features add value to
the system because the administrator of the system can see in
real time the positive or negative impact of a health message.
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Feasibility Evaluation
In the feasibility evaluation, 1 health professional from the
ASPB participated, writing the initial database with 30 messages
and responding to the users’ questions. The initial messages
were taken from the study presented in the UBIAPP testing
experiment, and the questions were responded to within 24
hours. The study had a duration of 30 days; 357 evaluation of
health messages were registered in total in the system (2.9
evaluation average per volunteer per day).

The messages come from two sources:

1. Health administrator: the test was begun with 30 messages
related to prevention of risky behaviors in MSM. Ten
messages were taken from the UBIAPP study. In that study,
volunteers were asked to choose the messages they found
most and least suitable as preventive messages and were
also offered the chance to propose new messages. In
addition to this initial list of messages, the ASPB provided
20 additional messages that were reviewed by health
professionals of the institution. The messages were
displayed randomly by the app.

2. Smartphone users: users are able to share messages and
POI with the system. Therefore, a sustainable way was
created to maintain the system with new information and

encourage users through a gamification system. To keep
the primary objectives of the messages, POI, and system,
the health administrator must review these data.

The mean of the ratings received during the whole period was
4.60, indicating that the information sent to participants was
highly rated in general. A total of 64 messages were registered
in the SWIS; therefore, 34 messages were shared by users and
added to the 30 original pool of messages. Ten more messages
were shared and were not considered appropriate to be added
to the pool.

It is important to highlight those messages scored with the
highest rating by the participants, considering only those with
scores above average plus one standard deviation. Four out of
10 of the highest rated messages were shared by the users rather
than the administrator. These messages are shown in Table 3.

Now that the information about the health messages has been
seen, it is necessary to turn to the POIs and hot zones. The initial
database started with seven hot zones entered by the health
administrator. After the test, the database ended up with 16 hot
zones. Therefore, 56% (9/16) of the hot zones were contributions
of the smartphone users. This information is very important for
the health service because it allowed them to identify new zones
for launching prevention campaigns.

Table 3. Messages sent by the system scored with the highest rating by the participants.

FrequencyAverage scoringMessage

105.0When was the last time that you got tested for HIV?

104.95Even if nothing has been detected, 0 risk doesn’t exist!

114.91HIV is invisible

114.86Unprotected anal sex? You can get syphilis, gonorrhea and other STIa

104.80Do you snort? The tube is personal and non-transferable

124.79Take care of your partner. If you protect yourself, you protect him

104.70Risk? But not in sex!

154.70Do you want to stop using a condom with your guy? Let’s get tested together

104.68Oral sex has also some risks

94.6Let us be serious against HIV.

aSTI: sexually transmitted infection.

Discussion

In this paper, we presented the app UBESAFE, which sends
preventive notifications to users when it detects situations such
as the activation of particular apps on their smartphones, the
access to a specific URL on the internet, or their proximity to
areas with a high probability of intercourse (hot zones). It also
develops community for the users, considering their ideas and
knowledge of the hot zones. To provide a sustainable way of
getting new data, the main experience was developed with
gamification concepts. It is important to note that UBESAFE
wants to create awareness of each detected situation through
health messages, considering privacy and users’ preferences.

Therefore, the app works on four main lines:

• Sending health messages to users when the app detects a
hot URL, that is, a website where users can meet or chat
with unknown people.

• Sending health messages to users when the app detects the
use of a contact app (that we call risk apps such as Manhunt,
Tinder, Badoo, or Brenda, among others).

• Sending health messages to users when the app detects the
proximity to areas with a high probability of intercourse
(hot zone), such as saunas, intercruising zones, etc.

• Allowing the users to make a community sharing messages
and POI (hot zones) through the system, enhancing the
experience with a gamified scoreboard.

UBESAFE adds new modules and functionalities to the
previously developed Android apps Ubiapp [12], Ubinut, and
Geonut [19] through its modular architecture. It is a supervised
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app designed not only to have a health system that helps to keep
information within the app respectful and true but also to help
these professionals to know their target better.

The app was tested for 30 days. During the trial period, 357
evaluations were received from users, which rated the different
messages on a Likert scale of 1 to 5, obtaining an average of
nearly 2.9 responses a day per user. The mean of the ratings
received during the whole period was 4.60, indicating that the
information sent to participants was highly rated in general.

The volunteers highly valued the functionalities related to
sharing information and seeing how their peers valued it. They
felt they are part of an informed community that helps to
improve the knowledge on this matter, enhancing the UX and
purpose behind installing and being part of this app. In fact,
users increased the pool of messages by more than 100% (34/30)
and created 56% (9/16) of the hot zones.

The app shows, on one hand, its value to the target users, and
how the gamification can increase adherence to the app, and on
the other hand, how it can help the health professionals to know
their target users and prevention campaigns better. Thus,

UBESAFE is an app that can help in the prevention of HIV and
other STIs.

Finally, further work will address the following:

1. Improving the graphic design and UX feedback of the
gamified board

2. Implementing a more accurate ontology algorithm to
improve the automatic system that sends messages in
UBESAFE, making the selected messages closer to those
that a health professional would choose in each situation

3. Measuring the impact of UBESAFE as a ubiquitous system
for promoting healthy habits through an evaluation
methodology, such a longitudinal study.

4. Explore a theoretical perspective from the social psychology
of communication to advance an explanation of the effects
of STI prevention strategies through mobile devices, using
a theory-based technological solution that implies the
development of positive attitudes toward the use of condoms
and positive sexual health behaviors through an active
generation of consequent favorable thoughts (ie, the
Elaboration Likelihood Model of persuasion [17]).
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Abstract

Background: Mobile assessment of the effects of acute marijuana on cognitive functioning in the natural environment would
provide an ecologically valid measure of the impacts of marijuana use on daily functioning.

Objective: This study aimed to examine the association of reported acute subjective marijuana high (rated 0-10) with performance
on 3 mobile cognitive tasks measuring visuospatial working memory (Flowers task), attentional bias to marijuana-related cues
(marijuana Stroop), and information processing and psychomotor speed (digit symbol substitution task [DSST]). The effect of
distraction as a moderator of the association between the rating of subjective marijuana high and task performance (ie, reaction
time and number of correct responses) was explored.

Methods: Young adults (aged 18-25 years; 37/60, 62% female) who reported marijuana use at least twice per week were
recruited through advertisements and a participant registry in Pittsburgh, Pennsylvania. Phone surveys and mobile cognitive tasks
were delivered 3 times per day and were self-initiated when starting marijuana use. Completion of phone surveys triggered the
delivery of cognitive tasks. Participants completed up to 30 days of daily data collection. Multilevel models examined associations
between ratings of subjective marijuana high (rated 0-10) and performance on each cognitive task (reaction time and number of
correct responses) and tested the number of distractions (rated 0-4) during the mobile task session as a moderator of the association
between ratings of subjective marijuana high and task performance.

Results: Participants provided 2703 data points, representing 451 reports (451/2703, 16.7%) of marijuana use. Consistent with
slight impairing effects of acute marijuana use, an increase in the average rating of subjective marijuana high was associated with
slower average reaction time on all 3 tasks—Flowers (B=2.29; SE 0.86; P=.008), marijuana Stroop (B=2.74; SE 1.09; P=.01),
and DSST (B=3.08; SE 1.41; P=.03)—and with fewer correct responses for Flowers (B=−0.03; SE 0.01; P=.01) and DSST
(B=−0.18; SE 0.07; P=.01), but not marijuana Stroop (P=.45). Results for distraction as a moderator were statistically significant
only for certain cognitive tasks and outcomes. Specifically, as hypothesized, a person’s average number of reported distractions
moderated the association of the average rating of subjective marijuana high (over and above a session’s rating) with the reaction
time for marijuana Stroop (B=−52.93; SE 19.38; P=.006) and DSST (B=−109.72; SE 42.50; P=.01) and the number of correct
responses for marijuana Stroop (B=−0.22; SE 0.10; P=.02) and DSST (B=4.62; SE 1.81; P=.01).
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Conclusions: Young adults’ performance on mobile cognitive tasks in the natural environment was associated with ratings of
acute subjective marijuana high, consistent with slight decreases in cognitive functioning. Monitoring cognitive functioning in
real time in the natural environment holds promise for providing immediate feedback to guide personal decision making.

(JMIR Mhealth Uhealth 2020;8(3):e16240)   doi:10.2196/16240

KEYWORDS

marijuana; cannabis; cell phone; memory, short-term; cognition

Introduction

Background
Adverse effects of marijuana use on cognitive functioning have
been reported by some young adults [1,2], with associated
negative consequences such as injury and fatality due to driving
while high on marijuana [3,4]. The emerging research base on
cognitive impairments associated with marijuana use indicates
slight and selective cognitive functioning impairments,
particularly with certain early onset, heavy, and chronic patterns
of marijuana use [5,6]. The effects of marijuana use on
cognition, in particular, also depend on factors such as the
cognitive domain and whether testing occurs during acute
(within 0-6 hours of use) or nonacute (>6 hours since use)
periods. Although cross-sectional laboratory studies have
compared individuals who use marijuana with healthy controls
on measures of cognitive functioning [6], much less is known
about the acute effects of marijuana use on cognitive functioning
in the natural environment.

Acute Effects of Marijuana on Cognition in Laboratory
Studies
For smoked marijuana, the subjective effect of feeling high
typically begins within 5 min of use and reaches a peak within
30 min, depending on the dose and smoking rate [7]. Laboratory
studies indicate that during acute marijuana intoxication, verbal
and working memory are typically impaired, and inhibitory
control is reduced [8-10]. Findings from these laboratory studies
[8-10] on the acute effects of marijuana on cognitive functioning
guided the selection of the mobile cognitive tasks used in this
study, which assess visuospatial working memory (Flowers
task) [11], attentional bias to marijuana-related cues (marijuana
Stroop) [12], and information processing and psychomotor
speed (digit symbol substitution task [DSST]) [13,14].

Mobile Cognitive Assessment Studies
To date, neuropsychological tests administered in laboratory
settings have shown moderate associations with measures of
daily functioning [15]. By comparison, data on cognitive
functioning collected using ecological momentary assessment
(EMA) have greater ecological validity than laboratory
assessment as cognitive processes are assessed in real-world
contexts [16]. A systematic review of mobile cognitive
assessments reported good internal consistency and test-retest
reliability for the mobile cognitive assessments studied, in
addition to good convergent and divergent validity with
laboratory-based measures [17]. The cognitive domain examined
most often (7 studies) by mobile assessment was working
memory [17]. For example, a 1-week EMA study that
administered a mobile visual working memory task multiple

(approximately 5-7) times per day to young adult cigarette
smokers found that working memory performance decreased
with acute marijuana (odds ratio [OR] 0.91, 95% CI 0.84-0.99)
and alcohol use (OR 0.87, 95% CI 0.79-0.95) and increased
with acute tobacco use (OR 1.11, 95% CI 1.04-1.18) [18].
Although this EMA study provides important insights into acute
effects of substance use on working memory in the natural
environment, the study focused on young adults who primarily
reported cigarette rather than marijuana use; examined only
working memory; and included limited information on the level
of subjective marijuana high (ie, only examined yes or no reports
of use) associated with working memory performance.

Another popular mobile cognitive task uses some version of an
addiction Stroop [19]. The addiction Stroop measures attentional
bias, the ability of substance-related stimuli to engage attention,
particularly among individuals with heavier patterns of substance
use [20]. For individuals with cannabis use disorders, cognitive
biases for marijuana cues have generally been observed using
different methods (eg, visual dot probe, marijuana Stroop) [19].
In a laboratory study examining marijuana Stroop, attentional
bias was correlated with both the frequency of marijuana use
and subjective craving [12]. Notably, no study to our knowledge
has yet reported results for a mobile version of marijuana Stroop.
In a mobile version of the alcohol Stroop, attentional bias scores
were not associated with individual differences in drinking
behavior [21]. In contrast, attentional bias for cigarette smoking
cues assessed by a mobile version of the smoking Stroop
administered on a personal digital assistant was associated with
nicotine dependence severity [22] and nicotine craving during
the early stages of a quit attempt [23]. The mixed findings for
attentional bias assessed by mobile versions of an addiction
Stroop might be due to factors such as the type of substance
(alcohol and nicotine) assessed [20] and task parameters (eg,
number of trials used in the task).

Two other pilot studies used mobile versions of a Stroop task.
One study of outpatients with substance use disorders and
healthy controls found practice effects with mobile tasks
completed 5 times per day for a week, but only for healthy
controls [24]. However, another study that examined a mobile
Stroop found no practice effects among participants with
methamphetamine dependence or healthy controls who
completed mobile tasks twice daily for 2 weeks [25]. Another
factor to consider in mobile cognitive assessment is the impact
of distraction on task performance [23]. On a cigarette smoking
Stroop task, the number of reported interruptions during task
performance was associated with slower reaction times and
more errors, but interruptions were not associated with the
cigarette smoking Stroop effect (ie, slow reaction time when
viewing smoking-related words) [23]. These findings suggest
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the use of examining distraction as a moderator of mobile task
performance, in addition to considering practice effects.

Study Objectives
Informed by laboratory research, this pilot EMA study explored
the acute effects of marijuana use on young adults’performance
during 3 brief mobile cognitive tasks assessing visuospatial
working memory (Flowers task), attentional bias to
marijuana-related words (marijuana Stroop), and information
processing and psychomotor speed (DSST). Multilevel analyses,
conducted separately for each of the 3 cognitive tasks and 2
outcomes (reaction time and number of correct responses), tested
the hypothesis that as the rating of momentary subjective
marijuana high increases, the reaction time on the mobile
cognitive task will slow down and the number of correct
responses will decrease. Analyses also examined typical levels
of distraction across sessions as a moderator of the association
between the typical ratings of subjective marijuana high across
sessions and cognitive task performance. Moderation analyses
tested the hypothesis that the average number of reported
distractions (across sessions) will intensify the effect of being
high on marijuana on reaction time and the number of correct
responses.

Methods

Recruitment
Young adults (aged 18-25 years) who reported marijuana use
at least two times per week (44/71, 62% female) were recruited
through a participant registry (Pitt+Me) and Craigslist
advertisements in Pittsburgh, Pennsylvania. The exclusion
criteria were as follows: currently seeking treatment for
substance use, self-reported history of psychosis, and use of
medication or a device (eg, pacemaker) that could affect the
heart rate.

Participants
Individuals who completed at least five mobile sessions (1
mobile session=1 phone survey + 3 cognitive tasks) were
included in the analyses, based on research suggesting that
participants gain familiarity with mobile tasks during early
sessions (ie, first 5 sessions) [26]. Completion of the phone
survey immediately triggered the cognitive tasks. Participants
who did not complete at least five sessions (n=3) were excluded.
Participants who had scores only when high on marijuana (n=4)
were excluded as they do not provide information on
session-level comparisons of high vs not high on marijuana. In
addition, 4 participants with missing scores for estimated
intellectual functioning (see Baseline Measures) were excluded
from the analyses. Thus, the analysis sample included 60
participants, of which 37 (62%) were female (mean age 20.0,
SD 1.8 years), 45 (75%) were white, 8 (13%) were black, and
7 (12%) were of another race or ethnicity (ie, Asian, Asian
Indian, Hispanic, or multiracial). Most participants (40/60, 66%)
reported attending some college, 25% (15/60) reported having
a high school diploma or equivalent, and 8% (5/60) were college
graduates. The majority (55/60, 92%) owned an iOS device,
and 8% (5/60) owned an Android mobile phone.

Procedure
Eligible individuals provided written informed consent for study
participation. At the baseline assessment, participants installed
study mobile apps (eg, AWARE [27] to deliver phone surveys,
MUSE [28] to deliver cognitive tasks) on their personal phones,
and research staff trained participants on completion of the
mobile surveys and cognitive tasks. At baseline, participants
completed an interview and questionnaires assessing
demographic characteristics, substance use history, and
neuropsychological measures assessing attention, memory, and
response inhibition. IQ was estimated using a reading test [29].
After baseline, participants completed up to 30 days of daily
data collection (see Compensation). Daily data collection
included scheduled assessments and user-initiated assessments
(see Phone Surveys: Self-Initiated Marijuana Use and Fixed
Time Daily Surveys). At the end of the daily data collection
period (phone surveys and mobile cognitive tasks), participants
completed a wrap-up session. The University of Pittsburgh
institutional review board approved the research protocol.

Baseline Measures
The National Institute on Drug Abuse (NIDA) Quick Screen
[30] is a widely used measure to screen 10 types of substance
use and substance-related problems covering time frames of
lifetime (yes or no) and past 3 months (5-point scale: 0=never
to 4=almost daily). Scores of 0 to 3 indicate low risk, 4 to 26
indicate moderate risk, and ≥27 indicate high risk.

The National Adult Reading Test-Revised [29] provided an
estimate of full-scale IQ (FSIQ) to account for individual
differences in premorbid IQ, which might affect cognitive task
performance [10]. A validation study found that National Adult
Reading Test FSIQ estimates were similar to Wechsler Adult
Intelligence Scale-Revised estimates [31]. The sample mean
estimated FSIQ was 110.9 (SD 6.1; range 89.9-121.6).

Phone Surveys: Self-Initiated Marijuana Use and Fixed
Time Daily Surveys
Completion of the self-initiated and fixed time daily surveys
both immediately triggered the start of mobile cognitive tasks.
Participants were instructed to complete self-initiated reports
at the start of marijuana use (ie, typically within the first 15 min
of initiating use, when feeling high). Participants reported the
time marijuana use started, mode of use (eg, joint, vape, pen,
and bowl), quantity consumed (eg, grams or hits), on the
question “How high are you feeling right now?” (0=none to
10=a lot), and other substance use (eg, number of drinks
consumed).

Fixed-time daily surveys were delivered 3 times per day (ie, 10
AM, 3 PM, and 8 PM) with a 5-hour window for completion.
Participants received a notification that the survey and tasks
were available but did not receive reminders to complete the
survey. Fixed-time surveys (similar to self-initiated reports)
included items on time of last marijuana use, quantity consumed,
the question “How high are you feeling right now?” and other
items (eg, mood rating). Survey completion immediately
triggered the administration of the 3 cognitive tasks in a
randomized order. A session (a phone survey and mobile
cognitive tasks) timed out if there was a lag in response for >1
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min, which would end the session, such that remaining tasks
and post-task survey items (eg, distraction item, see below)
could not be done. With this schedule of fixed time and
self-initiated assessments, participants reported their rating of
subjective marijuana high immediately before performing the
mobile cognitive tasks, which permitted the examination of task
performance when participants reported not being high
(subjective high rating=0) relative to reports when feeling high
(subjective high rating>0).

Mobile Phone Cognitive Tasks and Rating of
Distraction After Session Completion
The 3 brief cognitive tasks (approximately 5 min in total to
complete) included the following: visuospatial working memory
task (Flowers task [11]), marijuana Stroop [12], and DSST [13].
The Flowers task and marijuana Stroop provided immediate
feedback on incorrect responses. The DSST did not provide any
feedback on correct or incorrect responses to minimize
distractions during task performance. The 3 tasks did not provide
a score regarding performance.

The Flowers task assesses short-term visuospatial working
memory [11]. Participants watched flowers in a grid light up
one at a time and were instructed to replicate the sequence by
touching the flowers in the grid in the same order (Figure 1).
The task adapts to a test taker’s ability and increases or decreases
its difficulty, starting with a 3×3 grid and increasing to a 4×4
grid with success or decreasing in difficulty with error. The task
ends with 2 consecutive errors or a maximum of 6 correct
responses. Previous work found that task performance (ie,
number of correct responses) distinguished patients with
Parkinson disease from healthy controls [26]. The Flowers task
scores are the number of correct responses [11] and reaction
time. Reaction time was added to assess possible psychomotor
slowing associated with acute marijuana use, similar to the other
2 mobile tasks. Embedded sensors in mobile phones allow
precise measurement for reaction time tasks [32].

Marijuana Stroop [12] measures attentional bias for
marijuana-related stimuli. Participants were presented with 14
marijuana-related words (eg, hash and joint) and 14 neutral
words (eg, sand and winds) in a randomized order in 2 blocks.
Words appeared in 4 colors (red, yellow, blue, and green). Word
color was random, but each color was shown at least once in
each set of 28 words. Participants tapped the color of the word
as fast as possible (Figure 1). Errors were shown by a red X

immediately after the response. A computerized version of the
marijuana Stroop task indicated that marijuana-related words
captured the attention of marijuana-dependent individuals (ie,
longer reaction time for marijuana-related words vs neutral
words), but not healthy controls [12]. A mobile alcohol Stroop
task had acceptable internal consistency reliability in real-world
settings (Cronbach alpha=.70 to .74), with participants showing
attentional bias to alcohol words [21].

To compute the marijuana Stroop reaction time score, trials
with incorrect responses were excluded, and trials with
unrealistically fast (<100 ms; none excluded) or slow (>1250
ms) reaction times were excluded (88/1467, 6.00% of total
responses) [33,34]. Internal consistency reliability (Cronbach
alpha) for response latency was computed by averaging within
each trial type [34] for marijuana-related words and neutral
words (alpha=.92 and .92, respectively). The total number of
correct responses in the marijuana Stroop task also excluded
trials with unrealistically fast or slow reaction times. There were
no significant results from multilevel analyses for a marijuana
Stroop effect (results not shown), computed as the difference
in reaction time for marijuana-related and neutral words [12].
Preliminary multilevel analyses, which examined marijuana
Stroop reaction time scores for combined marijuana and neutral
words and separately by word type (marijuana-related and
neutral) [12], indicated similar results for combined and separate
word types. Similarly, preliminary multilevel results for the
number of correct responses were similar for a combination of
marijuana-related and neutral words and separate word types.
Thus, marijuana Stroop scores are reaction time and the total
number of correct responses (a combination of marijuana-related
and neutral words).

DSST [13] measures information processing and psychomotor
processing speed and is sensitive to acute drug effects [14]. The
DSST requires quick response to visual symbols by touching
the corresponding digit (1-9) shown in the reference key (Figure
1). New reference keys provided after each response minimize
learning effects within the 60-second task session. No feedback
was provided regarding a correct or an incorrect response. DSST
scores are reaction time and the number of correct responses.

The number of distractions while performing the cognitive tasks
was reported after completing the 3 tasks by responding to the
following item: “How many times were you distracted during
completion of the tasks?” (coded 0 to 4 or more times; 0-4) [23].
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Figure 1. Screenshots of Flowers task, marijuana Stroop, and digit symbol substitution task.

Compensation
Participants were compensated US $75 for completing the
baseline assessment. During the first 14 days of daily data
collection, for each day on which >75% of data were collected
(eg, phone surveys and cognitive tasks), participants earned US
$10; if <75% of data were collected on a particular day, no
money was earned. If the participant had good compliance
during the first 14 days of data collection and was willing to
continue for another 14 days, data collection continued for a
second 14-day period at the same compensation rate. Participants
earned US $25 for the wrap-up session (user experience
interview and final data download).

Statistical Analysis
To examine the acute effects of marijuana use on mobile
cognitive task performance, generalized linear mixed effects
models were fit to the data (xtmixed: Stata Statistical Software
15.0, StataCorp LLC) [35]. This multilevel modeling approach
can accommodate mixed (fixed and random) effects across
multiple data levels and account for the correlations between
repeated measures (ie, sessions: level 1) within participants
(level 2). Mixed models used maximum likelihood estimation,
leveraging all available data to accommodate missing data.
Likelihood ratio testing (−2LL difference between models)
evaluated the statistical significance of nested models when
random effects were added, and Akaike and Bayesian
Information Criteria were used to evaluate the model fit between
non-nested models [36].

The main outcomes of reaction time and number of correct
responses were examined for each of the 3 mobile cognitive
tasks. Distributions for the outcome variables of the number of
correct responses for the Flowers and marijuana Stroop tasks
indicated negative skew. Exponential (cubic) transformation
reduced skew but did not normalize distributions and resulted
in similar findings. Thus, untransformed results are reported.
Analyses used the first 60 completed sessions (sparse data at
>60 sessions). Alpha was set at P<.05 without protecting the
family-wise alpha rate for multiplicity in this pilot study.

Preliminary analyses examined correlations, computed intraclass
correlations (ICCs), and modeled time trends (ie, practice
effects; see Figures 2 and 3) for the outcomes (reaction time
and number of correct responses). ICCs and time trends were
examined for time-varying predictors (eg, subjective marijuana
high and distraction) in unconditional models. As experience
with the cognitive task itself (rather than the passage of time)
likely contributes to a practice effect, the sequential count of
completed sessions was used as the measure of time [36]. Time
was coded so that the first completed session (done at baseline)
represented session=0 in all models. For both outcomes, the
model that provided the best fit was a linear model for Flowers
and marijuana Stroop tasks and a quadratic model for DSST.

In total, 2 time-varying predictors were examined: subjective
marijuana high (“How high are you feeling right now?” rated
0-10) and distraction (“How many times were you distracted
during completion of the tasks?” coded 0-4) and their
interaction. Decomposition of person-level (level 2) and
session-level (level 1) effects in the mixed model was done as
follows: the time-varying covariates (eg, subjective marijuana
high and distraction) were centered at a constant (ie, 0;
constant-centered [CC]) and tested in the model as level 1
predictors; and the corresponding person mean counterpart was
entered simultaneously at level 2 [36]. When the CC and person
mean–centered variables are entered together in the model, the
CC variable represents session-to-session variation. The person
mean variable represents the unique effect of the person’s
average level of that variable on the outcome over and above
the absolute amount of the time-varying CC effect, or in other
words, individual differences in subjective marijuana high or
distraction across all sessions [36].

Subjective marijuana high was centered such that a rating of
5=moderately high was recoded to be centered at 0 (new range
−5 to 5). Ratings of subjective high had an ICC of 0.04 and
showed no systematic change over time. Ratings for distraction
were not transformed (range 0-4; ICC=0.25) and were centered
at 0, and also showed no systematic change over time. Person
means for subjective marijuana high (referred to as subjective
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high person mean) and distraction (distraction person mean)
were computed.

Static covariates entered at the person level (level 2) included
gender (0=male and 1=female), age (0=age 20), and FSIQ
(0=estimated FSIQ of 110). Interactions of time-varying
predictors (eg, subjective marijuana high, distraction) with static
covariates were not tested to limit multiple comparisons and
because no a priori hypotheses for these interactions were
proposed. Other drug use was explored for inclusion as a
time-varying predictor but was highly collinear with a rating of
subjective marijuana high and was not included (334/451, 74.0%

of phone surveys reported no alcohol use; 408/451, 90.5%
reported no nicotine use). Weekend or weekday use (see
Multimedia Appendix 1) was not a significant predictor.

Likelihood ratio testing, which examined relative model fit
when including random slopes for time and time-varying
covariates (eg, subjective marijuana high and distraction),
indicated that including random slopes for a session and
subjective marijuana high did not improve the model fit. A
random slope for distraction for the outcome of reaction time
improved the model fit (see Multimedia Appendix 1) and was
included in models for this outcome.

Figure 2. Average reaction time across sessions: flowers, marijuana Stroop, and digit symbol substitution task tasks. DSST: digit symbol substitution
task.

Figure 3. Average number of correct responses across sessions: flowers, marijuana Stroop, and digit symbol substitution task tasks. DSST: digit symbol
substitution task.

Results

Marijuana Use in the Sample
In the analysis sample, the average age of onset for marijuana
use was 16.5 years (SD 1.7; range 13-22), and the average age
of onset for regular marijuana use (ie, using marijuana at least
once per month for at least six months) was 17.2 years (SD 1.6).
At baseline, 27% (16/60) of participants reported daily marijuana
use, 10% (6/60) reported almost daily use (5-6 times per week),
33% (20/60) reported use 3 to 4 times per week, and 30%

(18/60) reported use 2 times per week. The mean score on the
NIDA Quick Screen was 15.5 (SD 6.4) [30], indicating moderate
risk associated with marijuana use. Almost all (54/57, 95%)
participants scored in the moderate risk range, with the
remaining (6/120, 5%) participants scoring in the severe range.

Across 60 sessions completed over 5 to 30 days (mean 20.6
days, SD 6.5; Multimedia Appendix 2), 2703 data points were
obtained from 60 young adults who provided 451 reports
(451/2703, 16.7%) of marijuana use. Reports were obtained
from morning (133/451, 29.4%), afternoon (115/451, 25.6%),
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evening (106/451, 23.4%), and self-initiated marijuana surveys
(97/451, 21.6%). The average number of sessions completed
per participant was 25.3 (SD 16.2; Multimedia Appendix 3).
Participants completed 52.98% (2119/4000) of fixed time
assessments.

The average number of sessions associated with marijuana use
was 7.0 (SD 5.8). During sessions completed when high on
marijuana (any rating of feeling high; n=451), the average level
of subjective marijuana high was rated 4.7 out of 10 (SD 2.2;
range 1-10). The most common method of consumption was
pen or vaporizer (207/451, 45.9%), followed by bong (100/451,
22.2%), bowl or pipe (59/451, 13.0%), joint (38/451, 8.5%),
blunt (38/451, 8.4%), edible (5/451, 1.1%), or tincture (4/451,
0.8%). The average quantity consumed per occasion was 0.8 g
(SD 1.1), and when reported as hits, an average of 6.0 hits (SD
11.6). There was a small positive correlation (r=0.13; P=.001)
between the number of hits reported and the rating of subjective
marijuana high, but no statistically significant association
between the number of grams reported and rating of subjective
marijuana high (r=−0.03; P=.58).

The average number of distractions reported during a mobile
cognitive task session when not high was 1.1 (SD 1.1; range
0-4), and when high was 0.9 distractions (SD 1.0; range 0-4).
There was a very small negative correlation (r=−0.04; P=.046)
between the number of distractions reported and the rating of
subjective marijuana high.

Mobile Cognitive Tasks
Tables 1 and 2 show the intercorrelations among the mobile
tasks for reaction time and number of correct responses, based

on a subjective marijuana high rating of 0 (not high) vs a rating
from 1 to 10 (when feeling high). Reaction times were positively
correlated for all 3 tasks (r=0.18 to 0.48; P=.001). The number
of correct responses was positively correlated for Flowers and
DSST (r=0.26 to 0.27; P=.001), negatively correlated for DSST
and marijuana Stroop (r=−0.14 to −0.18; P=.001) and showed
no association for marijuana Stroop and Flowers task (P>.36).
Raw differences in reaction times when high vs not high on the
tasks were small (<50 ms), as were differences in the number
of correct responses, generally indicating slightly slower reaction
times and slightly fewer correct responses when high on
marijuana (vs not high).

For reaction time, when not high on marijuana (subjective high
rating=0), ICCs were as follows: DSST=0.57, marijuana
Stroop=0.23, and Flowers=0.38. When high on marijuana
(subjective high rating>0), ICCs for reaction time were as
follows: DSST=0.61, marijuana Stroop=0.25, and Flowers=0.29.
The ICCs indicated that between 23% and 61% of the variances
in reaction time for mobile tasks were between persons.

For number of correct responses, when not high on marijuana,
ICCs were as follows: DSST=0.49, marijuana Stroop=0.13, and
Flowers=0.15. When high on marijuana, ICCs for number of
correct responses were as follows: DSST=0.50, marijuana
Stroop=0.11, and Flowers=0.27. For number of correct
responses, 11% to 50% of the variances in mobile task
performance were between persons. The generally lower ICCs
for marijuana Stroop and Flowers tasks (ie, reaction time and
number of correct responses) suggested that their overall
variance primarily reflects within-person, session-to-session
fluctuations, providing the rationale for a multilevel analysis.

Table 1. Pearson correlations (r) and mean reaction time (millisecond) for 3 cognitive tasks (correlations do not take clustering of cases within individuals
over time into account).

HighNot highHigh (subjective high rating >0), n=389 sessionsNot high (subjective high rating=0),
n=2159 sessions

Measure

DSSTDSSTaMarijuana StroopFlowersMarijuana StroopFlowers

N/AN/AN/A0.34 bN/Ac0.20bMarijuana
Stroop

N/AN/A0.48b0.25b0.36b0.18bDSST

1488.75
(187.56)

1440.83 (170.59)713.60 (139.73)354.87 (80.51)682.08 (115.24)335.80 (73.38)Reaction time,
mean (SD)

aDSST: digit symbol substitution task.
bP<.001.
cNot applicable.
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Table 2. Pearson correlations (r) and mean number of correct responses for 3 cognitive tasks (correlations do not take clustering of cases within
individuals over time into account).

HighNot highHigh (subjective high rating >0), n=451 sessionsNot high (subjective high rat-
ing=0), n=2252 sessions

Measure

DSSTDSSTaMarijuana StroopFlowersMarijuana StroopFlowers

N/AN/AN/A−0.02N/Ab0.02Marijuana Stroop

N/AN/A−0.18c0.27c−0.14c0.26cDSST

Correct responses

35.44 (8.58)37.03 (7.76)27.51 (0.81)4.31 (1.09)27.52 (0.77)4.49 (0.88)Mean (SD)

37.00
(10.00)

38.00 (9.00)28.00 (1.00)5.00 (1.00)28.00 (1.00)5.00 (1.00)Median (SD)

aDSST: digit symbol substitution task.
bNot applicable.
cP<.001.

Reaction Time: Associations With Subjective
Marijuana High and Distraction
For all 3 mobile cognitive tasks, there was a significant
session-level association of subjective marijuana high with
reaction time (Tables 3-5), such that an increase in the rating
of subjective marijuana high was associated with slower reaction
time: Flowers task (B=2.29; SE 0.86; P=.008), marijuana Stroop
(B=2.74; SE 1.09; P=.01), and DSST (B=3.08; SE 1.41; P=.03).
In addition, there was a significant effect of subjective high
person mean for both marijuana Stroop (B=77.78; SE 25.48;
P=.002), and DSST (B=181.32; SE 55.83; P=.001), indicating
an effect over and above that of a specific session for slower
(ie, increasing) reaction time with a greater average rating of
subjective marijuana high across sessions (ie, the person’s usual
level of high, relative to other people with lower ratings).

The sample size of the Flowers task has 2 fewer cases compared
with the other 2 tasks because of the late initiation of reaction
time data collection due to programming delay.

For both marijuana Stroop and DSST, there was a significant
interaction of subjective marijuana high person mean with
distraction person mean: marijuana Stroop (B=−52.92; SE 19.38;
P=.006) and DSST (B=−109.72; SE 42.50; P=.01; Tables 4 and
5). For both tasks (Figures 4 and 5), there was little estimated
difference in reaction time at low average levels of subjective
marijuana high person mean, but contrary to the hypothesis, at
higher average levels of distraction person mean and higher
average ratings of subjective marijuana high person mean,
reaction time was estimated to decrease (with wide 95% CIs at
the highest average level of contextual distraction). In contrast,
at low average levels of distraction person mean, reaction time
was predicted to be slower as the subjective rating of high person
mean increased (possibly reflecting the effect of marijuana on
the slowing of psychomotor functioning).
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Table 3. Flowers task: multilevel model of marijuana high in relation to reaction time.

Flowers reaction time (n=58)Effects

P value95% CISEEstimate

Fixed effects

Person level (level 2)

.001bN/Aa128.62592.88Intercept

.08N/A0.08−0.14Session

N/AN/AN/AN/ASession2 (quadratic)

.06N/A30.1657.45Subjective high (PMc)

.36N/A89.75−81.80Distraction (PM)

.32N/A20.79−20.74Subjective high (PM) × distraction (PM)

.36N/A10.59−9.64Gender (0=male, 1=female)

.04dN/A3.176.49Age (0=age 20)

.02dN/A1.042.50Full-scale IQ (0=IQ score of 110)

Session level (level 1)

.008bN/A0.862.29Subjective high (CCe)

.13N/A2.88−4.38Distraction (CC)

.48N/A0.55−0.39Subjective high (CC) × distraction (CC)

Random effects

N/A3225.55 to 3617.3899.903415.85Level 1 residual variance

N/A820.79 to 1931.64274.921259.15Intercept

N/A21.15 to 151.3328.4056.58Distraction

N/A−140.04 to 141.0071.700.48Covariance (distraction, intercept)

aNot applicable.
bP<.01.
cPM: person mean scores, reflecting individual differences in subjective marijuana high or distraction across all sessions.
dP<.05.
eCC: constant-centered scores (centered at 0), reflecting session-to-session variation in scores or session-specific scores.
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Table 4. Marijuana Stroop: multilevel model of marijuana high in relation to reaction time.

Stroop reaction time (n=60)Effects

P value95% CISEEstimate

Fixed effects

Person level (level 2)

.001bN/Aa106.731018.27Intercept

.001bN/A0.10−0.61Session

N/AN/AN/AN/ASession2 (quadratic)

.002bN/A25.4877.78Subjective high (PMc)

.01dN/A82.07−211.10Distraction (PM)

.006bN/A19.38−52.92Subjective high (PM) × distraction (PM)

.87N/A14.312.40Gender (0=male, 1=female)

.002bN/A4.0812.78Age (0=age 20)

.98N/A1.38−0.03Full-scale IQ (0=IQ score of 110)

Session level (level 1)

.01dN/A1.092.74Subjective high (CCe)

.91N/A3.94−0.44Distraction (CC)

.07N/A0.72−10.32Subjective high (CC) × distraction (CC)

Random effects

N/A5537.99 to 6198.26168.355858.83Level 1 residual variance

N/A1730.52 to 4051.72574.672647.94Intercept

N/A93.16 to 379.4067.35188.00Distraction

N/A−473.31 to 147.96158.49−162.67Covariance (distraction, intercept)

aNot applicable.
bP<.01.
cPM: person mean scores, reflecting individual differences in subjective marijuana high or distraction across all sessions.
dP<.05.
eCC: constant-centered scores (centered at 0), reflecting session-to-session variation in scores or session-specific scores.
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Table 5. Digit symbol substitution task: Multilevel model of marijuana high in relation to reaction time.

DSSTa reaction time (n=60)Effects

P value95% CISEEstimate

Fixed effects

Person level (level 2)

.001cN/Ab233.722328.14Intercept

.001cN/A0.45−9.45Session

.001cN/A0.010.12Session2 (quadratic)

.001cN/A55.83181.32Subjective high (PMd)

.01eN/A179.82−441.54Distraction (PM)

.01eN/A42.5−109.72Subjective high (PM) × distraction (PM)

.93N/A31.61−2.75Gender (0=male, 1=female)

.4N/A8.927.55Age (0=age 20)

.1N/A3.024.91Full-scale IQ (0=IQ score of 110)

Session level (level 1)

.03eN/A1.413.08Subjective high (CCf)

.63N/A4.62.21Distraction (CC)

.27N/A0.92−1.01Subjective high (CC) × distraction (CC)

Random effects

N/A9405.91 to 10,526.95285.839950.65Level 1 residual variance

N/A8820.12 to 18,885.272506.712906.21Intercept

N/A10.28 to 392.8359.0663.55Distraction

N/A−715.43 to 580.07330.49−67.68Covariance (distraction, intercept)

aDSST: digit symbol substitution task.
bNot applicable.
cP<.01.
dPM: person mean scores, reflecting individual differences in subjective marijuana high or distraction across all sessions.
eP<.05.
fCC: constant-centered scores (centered at 0), reflecting session-to-session variation in scores or session-specific scores.
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Figure 4. Marijuana Stroop: distraction person mean (PM) as a moderator of the association between subjective high PM and reaction time. Distraction
PM at low (0), moderate (2) and high levels (4). PM: person mean.

Figure 5. Digit symbol substitution task: distraction person mean (PM) as a moderator of the association between subjective high PM and reaction
time. Distraction PM at low (0), moderate (2) and high levels (4). DSST: digit symbol substitution task; PM: person mean.

Number of Correct Responses: Associations With
Subjective Marijuana High and Distraction
There was a significant session-level association of subjective
marijuana high with the number of correct responses for Flowers
(B=−0.03; SE 0.01; P=.01) and DSST (B=−0.18; SE 0.07;
P=.01) tasks, such that the increase in the rating of subjective
marijuana high was associated with fewer correct responses
(eg, Table 6). Although the session-level effect of subjective
marijuana high on number of correct responses for marijuana
Stroop was not significant (P=.45; Table 7), the effect of

subjective marijuana high person mean was statistically
significant (B=0.37; SE 0.13; P=.003), indicating unique effects
of the person’s average subjective rating of marijuana high
across sessions controlling for a specific occasion’s rating of
subjective marijuana high on the number of correct responses
in the marijuana Stroop task. For DSST (Table 8), the effect of
subjective marijuana high person mean was also significant
(B=−6.83; SD 2.38, P=.004), indicating that at an average
subjective rating of marijuana high, the number of correct DSST
responses was lower (controlling for a specific occasion’s rating
of subjective marijuana high).
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Table 6. Flowers task: multilevel model of marijuana high in relation to number of correct responses.

Flower number of correct responses (n=58)Effects

P value95% CISEEstimate

Fixed effects

Person level (level 2)

.001bN/Aa0.852.92Intercept

.007bN/A00Session

N/AN/AN/AN/ASession2 (quadratic)

.08N/A0.2−0.35Subjective high (PMc)

.2N/A0.650.83Distraction (PM)

.23N/A0.150.18Subjective high (PM) × distraction (PM)

.64N/A0.11−0.05Gender (0=male, 1=female)

.001bN/A0.03−0.14Age (0=age 20)

.66N/A0.010Full-scale IQ (0=IQ score of 110)

Session level (level 1)

.01eN/A0.01−0.03Subjective high (CCd)

.001bN/A0.03−0.13Distraction (CC)

.21N/A0.010.01Subjective high (CC) × distraction (CC)

Random effects

N/A0.56 to 0.630.020.59Level 1 residual variance

N/A0.10 to 0.240.030.16Intercept

aNot applicable.
bP<.01.
cPM: person mean scores, reflecting individual differences in subjective marijuana high or distraction across all sessions.
dCC: constant-centered scores (centered at 0), reflecting session-to-session variation in scores or session-specific scores.
eP<.05.
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Table 7. Marijuana Stroop task: multilevel model of marijuana high in relation to number of correct responses.

Stroop number of correct responses (n=60)Effects

P value95% CISEEstimate

Fixed effects

Person level (level 2)

.001bN/Aa0.5329.03Intercept

.001bN/A0−0.00Session

N/AN/AN/AN/ASession2 (quadratic)

.003bN/A0.130.37Subjective high (PMc)

.046dN/A0.41−0.82Distraction (PM)

.02dN/A0.1−0.22Subjective high (PM) × distraction (PM)

.14N/A0.070.11Gender (0=male, 1=female)

.11N/A0.02−0.03Age (0=age 20)

.02dN/A0.010.02Full-scale IQ (0=IQ score of 110)

Session level (level 1)

.45N/A0.01−0.01Subjective high (CCe)

.001bN/A0.03−0.10Distraction (CC)

.23N/A0.01−0.01Subjective high (CC) × distraction (CC)

Random effects

N/A0.49 to 0.540.010.51Level 1 residual variance

N/A0.04 to 0.090.010.06Intercept

aNot applicable.
bP<.01.
cPM: person mean scores, reflecting individual differences in subjective marijuana high or distraction across all sessions.
dP<.05.
eCC: constant-centered scores (centered at 0), reflecting session-to-session variation in scores or session-specific scores.
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Table 8. Digit symbol substitution task: multilevel model of marijuana high in relation to number of correct responses.

DSSTa number of correct responses (n=60)Effects

P value95% CISEEstimate

Fixed effects

Person level (level 2)

.56N/Ab9.955.81Intercept

.001cN/A0.020.25Session

.001cN/A0−0.00Session2 (quadratic)

.004cN/A2.38−6.83Subjective high (PMd)

.01eN/A7.6618.78Distraction (PM)

.01eN/A1.814.62Subjective high (PM) × distraction (PM)

.86N/A1.34−0.23Gender (0=male, 1=female)

.29N/A0.38−0.40Age (0=age 20)

.47N/A0.13−0.09Full-scale IQ (0=IQ score of 110)

Session level (level 1)

.01eN/A0.07−0.18Subjective high (CCf)

.001cN/A0.22−0.86Distraction (CC)

.07N/A0.040.08Subjective high (CC) × distraction (CC)

Random effects

N/A23.33 to 26.080.724.66Level 1 residual variance

N/A16.04 to 33.574.3723.21Intercept

aDSST: digit symbol substitution task.
bNot applicable.
cP<.01.
dPM: person mean scores, reflecting individual differences in subjective marijuana high or distraction across all sessions.
eP<.05.
fCC: constant-centered scores (centered at 0), reflecting session-to-session variation in scores or session-specific scores.

For all 3 tasks, the effect of increasing session-level distraction
was significantly associated with fewer correct responses:
Flowers task (B=−0.13; SE 0.03; P=.001), marijuana Stroop
(B=−0.10; SE 0.03; P=.001), and DSST (B=−0.86; SE 0.22;
P=.001). The association of distraction person mean with the
number of correct responses was significant for marijuana
Stroop (B=−0.82; SE 0.41; P=.046) and DSST (B=18.78; SE
7.66; P=.01) but in opposite directions. Specifically, for
marijuana Stroop, increasing distraction person mean had a
unique association with fewer correct responses (controlling
for a specific occasion’s rating of distraction), whereas for
DSST, increasing distraction person mean predicted an increase
in the number of correct DSST responses (over and above a
given session’s rating of distraction).

As found for reaction time, in number of correct responses for
both marijuana Stroop and DSST, there was a significant

interaction of subjective marijuana high person mean with
distraction person mean: marijuana Stroop (B=−0.22; SE 0.10;
P=.02) and DSST (B=4.62; SE 1.81; P=.01). For both tasks
(Figures 6 and 7), when the subjective marijuana high person
mean was on average low, number of correct responses was
estimated to be similar across levels of the distraction person
mean. When the average level of distraction person mean was
high, however, number of correct responses for the marijuana
Stroop was estimated to decrease with increasing subjective
high person mean. In contrast, for DSST and contrary to the
hypothesis, when the average level of distraction person mean
was high, number of correct responses for DSST was estimated
to show some increase as the average subjective marijuana high
person mean increased (although the 95% CI was wide at the
highest levels of contextual distraction).
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Figure 6. Marijuana Stroop: distraction person mean (PM) as a moderator of the association between subjective high PM and number of correct
responses. Distraction PM at low (0), moderate (2) and high levels (4). PM: person mean.

Figure 7. Digit symbol substitution task: distraction person mean (PM) as a moderator of the association between subjective high PM and number of
correct responses. Distraction PM at low (0), moderate (2), and high levels (4). DSST: digit symbol substitution task; PM: person mean.

Discussion

Principal Findings
Young adults in this pilot study reported, on average, a moderate
level of subjective marijuana high when using marijuana (mean
4.7; range 1-10), and roughly one distraction, on average, when
completing brief mobile cognitive tasks in the natural
environment. For all 3 mobile cognitive tasks, as the average
rating of subjective marijuana high increased, average reaction

time showed a statistically significant increase, suggesting that
the mobile tasks were sensitive to psychomotor slowing
associated with acute marijuana use in the natural environment,
above and beyond practice effects. The statistically significant
acute effects of marijuana in relation to reaction time were small,
in the context of average moderate ratings of subjective
marijuana high. Furthermore, for the Flowers task and DSST,
individuals with a greater average rating of subjective marijuana
high had, at a statistically significant level, slightly fewer correct
responses, compared with those with lower average subjective
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marijuana high ratings, further suggesting sensitivity of these
2 mobile tasks to acute marijuana effects collected in the wild,
as well as some individual differences in marijuana effects. In
the uncontrolled daily life testing situations in which the mobile
tasks were completed, distraction ratings were uniquely,
significantly associated with only certain aspects of task
performance (eg, number of correct responses, controlling for
covariates) and also significantly moderated the association
between ratings of subjective marijuana high and task
performance, albeit in ways that were sometimes contrary to
prediction, and depended on specific task characteristics in this
pilot study.

A consistent finding across the mobile tasks was that, on
average, an increasing rating of subjective marijuana high was
significantly associated with slower average reaction time.
Although other studies have shown slower reaction time for
mobile cigarette smoking Stroop [22,23], this is the first study,
to our knowledge, to show significantly slower reaction time
for a mobile marijuana Stroop in relation to a numerically rated
measure (0-10 scale) of subjective marijuana high. Importantly,
ratings of subjective marijuana high showed a small, significant
correlation with the number of hits, providing some support for
the validity of this study’s subjective marijuana high measure.
However, there was no correlation between reports of grams
consumed and subjective marijuana high. The absence of a
correlation between the quantity reported in grams and the rating
of subjective marijuana high suggests individual differences in
tolerance to marijuana. Notably, the assessment of self-reported
marijuana quantity is challenging [37] and warrants further
study, with previous mobile cognitive assessment limited to
only reporting any marijuana use (yes or no) [18].

Results also indicated, for the marijuana Stroop task and DSST,
that greater the average rating of subjective marijuana high,
slower the response time, at a statistically significant level, after
controlling for that session’s rating of subjective marijuana high.
Thus, a person’s typical level of marijuana use appears to have
an effect on response time to these mobile cognitive tasks over
and above ratings of acute subjective marijuana high at each
session, suggesting possible unique effects of, for example, a
person’s pattern of chronic marijuana use on a specific indicator
of task performance [6].

Variations in the test environment, such as distractions, can
influence task performance [26]. The slightly lower average
number of distractions reported when high (vs not high), and
very small negative correlation (r=−0.04; P=.046) between the
number of distractions and subjective marijuana high ratings,
might reflect that some individuals use marijuana specifically
to take a break (eg, relax) from distractions in the environment.
Alternatively, acute effects of marijuana might reduce the
awareness of peripheral distractions for some individuals in
certain contexts. The effect of a person’s average level of
distraction on number of correct responses was significant for
the marijuana Stroop task and DSST, but in opposite directions.
This finding suggests the importance of considering how task
demand characteristics, such as task complexity, and other
factors (eg, motivation, effort), including improved measurement
of distraction (ie, multi-item self-report and objective measure),
are associated with mobile task performance.

Significant interactions of subjective marijuana high and
distraction were found only for the marijuana Stroop task and
DSST, for both reaction time and number of correct responses,
in this pilot study. For the reaction time outcome, both the
marijuana Stroop task and DSST showed a similar pattern of
results for the distraction interaction. Specifically, as predicted,
and consistent with acute effects of marijuana use on slowing
of psychomotor functioning, a person who reported a low
average level of distraction had slower reaction time as the
average subjective marijuana high rating increased. However,
contrary to prediction a person who reported a high average
level of distraction was estimated (with wide CIs, suggesting a
cautious interpretation) to have faster reaction time on these 2
tasks as the average subjective marijuana high rating increased.
Faster reaction time suggests the possibility of impulsive
responding for some individuals on certain tasks. Regarding
the outcome of number of correct responses, results of the
distraction interaction differed for the marijuana Stroop task
and DSST, and only provided partial support for the hypotheses.
Given that the results for some distraction interaction hypotheses
were contrary to prediction, interpretation of the distraction
interaction results warrants caution due to wide 95% CIs at the
highest levels of distraction. The mixed findings for the
distraction interactions highlight the need for improved
distraction measurement, given self-reporting using a single
distraction item.

Limitations
This pilot study had limitations. On average, this young adult
sample was well educated and reported a moderate level of
marijuana-related risk, limiting generalizability. Compliance
could be improved (eg, no reminders given), and technical issues
(eg, app crashes) reduced completion rates. The 5-hour window
to complete fixed time assessments accommodated individual
schedules but allowed completion (when not high on marijuana)
at personally convenient times. Self-reported data (eg, marijuana
use start time, subjective high rating, and quantity) are subject
to bias (eg, under- or overreporting). Although mobile cognitive
tasks were triggered immediately after the phone survey rating
of subjective marijuana high, marijuana effects are short-lived
[38], cumulative effects of marijuana use on cognitive
functioning could be considered [39], and uncontrolled factors
(eg, motivation, other substance use and cause, health conditions
such as dyslexia) can impact task performance. The single-item
measure of distraction was not well defined and might serve as
a proxy for unmeasured contextual influences (eg, presence of
others and ambient noise), highlighting the need for improved
measurement. Flowers and marijuana Stroop tasks showed
possible ceiling effects for number of correct responses. Owing
to collinearity and small cell sizes for certain substances, the
effects of co-occurring substance use (eg, nicotine) on task
performance were not examined. The effects of a person’s level
of tolerance and cannabis withdrawal on task performance await
future research. Correction for multiple comparisons was not
done in this pilot study.

Conclusions
Little is known regarding the real-time cognitive impacts
resulting from marijuana use in daily life. Although differences
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in task performance on the brief mobile cognitive tests when
high on marijuana vs not high were small, they were statistically
significant and observed for both reaction time and number of
correct responses across tasks assessing different cognitive
functions. Mobile technology to help detect impacts of acute
episodes of marijuana use on cognitive functioning in real time,
in the natural environment, could support health care monitoring
and provide ongoing feedback to individuals to meet personal

health goals [40]. The potential adverse consequences of acute
marijuana use on cognitive functioning (eg, while driving) and
possible cumulative effects of chronic heavy marijuana use on
health compel the development of real-time, mobile methods
of monitoring cognitive functioning in the natural environment
to help guide personal decision making regarding health
behaviors.
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Abstract

Background: Use of SMS for data collection is expanding, but coverage, bias, and logistical constraints are poorly described.

Objective: The aim of this study is to assess the use of SMS to capture clinical outcomes that occur at home and identify potential
biases in reporting compared to in-person ascertainment.

Methods: In the PrEP Implementation in Young Women and Adolescents program, which integrated pre-exposure prophylaxis
(PrEP) into antenatal care, postnatal care, and family planning facilities in Kisumu County, Kenya, HIV-negative women 14
years of age or older were offered oral HIV self-tests (HIVSTs) to take home to male partners. Women that brought a phone with
a Safaricom SIM to the clinic were offered registration in an automated SMS system (mSurvey) to collect information on HIVST
outcomes. Women were asked if they offered the test to their male partners, and asked about the test process and results. HIVST
outcomes were collected via SMS (sent 2.5 weeks later), in-person (if women returned for a follow-up scheduled 1 month later),
or using both methods (if women initiated PrEP, they also had scheduled follow-up visits). The SMS prompted women to reply
at no charge. HIVST outcomes were compared between women with scheduled follow-up visits and those without (follow-up
visits were only scheduled for women who initiated PrEP). HIVST outcomes were also compared between women reporting via
SMS and in-person.

Results: Among 2123 women offered HIVSTs and mSurvey registration, 486 (23.89%) accepted HIVSTs, of whom 359
(73.87%) were eligible for mSurvey. Additionally, 76/170 (44.7%) women with scheduled follow-up visits and 146/189 (77.3%)
without scheduled follow-up visits registered in mSurvey. Among the 76 women with scheduled follow-ups, 62 (82%) had HIVST
outcomes collected: 19 (31%) in-person, 20 (32%) by SMS, and 23 (37%) using both methods. Among the 146 women without
scheduled visits, 87 (59.6%) had HIVST outcomes collected: 3 (3%) in-person, 82 (94%) by SMS, and 2 (2%) using both methods.
SMS increased the collection of HIVST outcomes substantially for women with scheduled follow-up visits (1.48-fold), and
captured 82 additional reports from women without scheduled follow-up visits. Among 222 women with reported HIVST outcomes,
frequencies of offering partners the HIVST (85/95, 89% in-person vs 96/102, 94% SMS; P=.31), partners using the HIVST
(83/85, 98% vs 92/96, 96%; P=.50), women using HIVST with partners (82/83, 99% vs 91/92, 99%; P=.94), and seeing partner’s
HIVST results (82/83, 99% vs 89/92, 97%; P=.56) were similar between women reporting in-person only versus by SMS only.
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However, frequency of reports of experiencing harm or negative reactions from partners was more commonly reported in the
SMS group (17/102, 16.7% vs 2/85, 2%; P=.003). Barriers to the SMS system registration included not having a Safaricom SIM
or a functioning phone.

Conclusions: Our results suggest that the use of SMS substantially improves completeness of outcome data, does not bias
reporting of nonsensitive information, and may increase reporting of sensitive information.

(JMIR Mhealth Uhealth 2020;8(3):e15281)   doi:10.2196/15281

KEYWORDS

SMS; HIV self-testing; survey coverage; HIV pre-exposure prophylaxis

Introduction

SMS has enormous potential for public health. This technology
is inexpensive and has increasing reach with expanding global
cellular network coverage and phone ownership. SMS has been
used to provide reminders [1,2], return lab results [3], provide
education and improve knowledge [4], and promote healthy
behaviors [5,6]. SMS has also been used to remotely collect
survey data on health outcomes and behaviors, a strategy that
may reduce the travel time to and cost of follow-up visits, and
allows participation at convenient times [7].

Studies in low- and middle-income countries comparing SMS
to other data collection approaches or offering choices in
approaches are limited [8-10]. Some individuals may be able
to overcome barriers to in-person visits, or may find that using
both SMS and in-person approaches to survey assessment is
acceptable and feasible. However, SMS may also be useful for
individuals who might otherwise decline participation or become
lost to follow-up. Self-administered surveys may reduce social
desirability bias [11-13], although differential outcome
ascertainment may bias results by using multiple approaches to
data collection. Using a combination of strategies to capture
health outcomes may improve participation and generalizability,
but it is important to measure outcomes using different strategies
in the same context and setting to determine whether results are
biased based on the strategy used. We measured the utility of
incorporating SMS as an alternative, complementary strategy
to in-person assessment of male partner HIV self-test (HIVST)
outcomes by women, and assessed bias in reporting results using
either method.

Methods

From November 20, 2017, to June 15, 2018, 3425 women
seeking antenatal care (ANC), postpartum care (PNC), or family
planning (FP) services at 8 facilities in Kisumu County, Kenya
were asked to take an HIVST home to their male partners as
part of a pre-exposure prophylaxis (PrEP) implementation
program. Women were offered PrEP, and those that accepted
had a PrEP follow-up visit scheduled 1 month later where
HIVST outcomes were ascertained in-person. Women were
classified as having scheduled follow-up visits if they initiated
PrEP. Women who declined PrEP but still took an HIVST had
outcomes ascertained in-person if they returned for maternal
and child health or family planning services [14].

A subset of women who agreed to take an HIVST were asked
to register in an automated SMS communication system
(mSurvey; Nairobi, Kenya) to assess HIVST outcomes.
Registration was offered in all program sites over time (initially
only offered by 1 site, but expanded to all 8 sites by the end of
program activity) for eligible women. Women were eligible to
register if they had their phone at the clinic and a Safaricom
SIM card, and provided oral consent. Registered women selected
their preferred language (English, Kiswahili, or Dholou) and
were asked to save the mSurvey phone number as a contact in
their phone to ensure the phone number would be recognized
when the follow-up survey was sent (2.5 weeks later). Women
were informed that responding to the mSurvey SMS was free,
and they could opt-out at any time. HIVST outcomes were
assessed through sequential SMS inquiries sent by mSurvey for
women to respond to using numerical responses representing
survey answers. Women who initiated registration or follow-up
surveys were given 72 hours to complete surveys before they
were timed-out of the system and unable to complete the survey.

Mode of HIVST outcome ascertainment (SMS vs in-person)
was compared between women with and without scheduled
follow-up visits. HIVST outcomes were compared between
SMS and in-person responders. The primary analysis was
restricted to women offered HIVSTs at facilities when mSurvey
registration was available. Women who reported having a
partner with HIV at enrollment were excluded from the analysis.
Continuous and categorical variables were compared using the
Wilcoxon rank-sum and chi-square tests, respectively. Statistical
analyses were performed using Stata v14 (StataCorp LLC;
College Station, TX).

This study was reviewed and approved by the University of
Washington Institutional Review Board and the Kenyatta
National Hospital Ethics & Research Committee.

Results

In total, 486 women accepted HIVSTs; 359 were eligible for
registration in the mSurvey SMS system, and 222 successfully
registered (Figure 1). Some women were ineligible due to the
logistical barriers of not having a phone, not having a working
phone, or not having a Safaricom SIM card. Nearly half (98/222,
43.6%) of the women who successfully registered for mSurvey
timed-out before completing the follow-up SMS survey.
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Figure 1. Flow diagram of women accepting HIV self-tests for male partners. HIVST: HIV self-test; PrEP: pre-exposure prophylaxis.

Overall, among 222 women enrolled in mSurvey: 116 (52.3%)
were from ANC, 80 (36.0%) were from PNC, and 26 (11.7%)
were from FP. The median age was 25 (IQR 22-28); 86.4%
(191/222) were married and 17.1% (38/222) knew their male
partners were HIV-negative. Intimate partner violence (IPV)
was experienced by 4.5% (10/222) of the enrolled women within
the last 6 months. HIVST outcomes were more likely to be
reported through SMS only (vs in-person only), by women who
were older (median 25 vs 23 years of age; P=.01), or if they
had a partner of unknown HIV status (92/102, 90.2% vs 72/95,
76%; P=.01). Marital status (P=.84), history of IPV (P=.16),
and risk factors for HIV (transactional sex, P=.52; diagnosis
with or treatment for STI, P=0.14; forced sex, P=0.14; shared
needles while engaging in intravenous drug use, P=0.14; and
used post-exposure prophylaxis more than twice, P=0.14) were
similar between women with HIVST outcomes assessed
in-person and via SMS.

Of the 76 women registered in mSurvey with scheduled
follow-up visits, 82% (62) had HIVST outcome data available.
SMS increased outcome ascertainment 1.48-fold (relative risk;
CI 1.32-1.64); an additional 32% of HIVST outcomes would
have been missed without SMS. The majority of women enrolled
in mSurvey but without scheduled follow-up visits (82/87, 94%)
reported HIVST outcomes by SMS only. SMS responses

captured 102/149 (68.5%) of all HIVST outcomes assessed by
women in mSurvey.

HIVST outcomes were also assessed for 73 women who were
ineligible or not registered in mSurvey. The frequency of
reporting on HIVST outcomes by women with scheduled
follow-up visits who were ineligible (32/46, 70%) or who did
not register in mSurvey (41/94, 44%) was similar to the
frequency of women who registered in mSurvey. Most HIVST
outcomes were reported near the time SMS surveys were sent
to women using SMS (median 0 days after SMS delivered,
maximum 46 days), or near the scheduled follow-up date for
women reporting in-person (median 0 days after scheduled date,
IQR –2 to 5, range –29 to 141).

Table 1 shows the data collected from reports on HIVST
experiences. The offer of HIVSTs to partners was similar
between women reporting in-person and via SMS. There were
no differences in reporting between in-person and SMS
regarding whether or not partners took the test and if the women
saw the results. A history of IPV was lower in women who
reported HIVST outcomes by SMS vs in-person (3/102, 2.9%
vs 7/95, 7%; P=.13). However, reports of experiencing harm
or negative reactions from partners as a result of the HIVST
were significantly more frequent in women with HIVST
outcomes assessed via SMS than in-person.
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Table 1. Partner HIV self-testing experience reports.

P valueaBoth, n (%)SMS, n (%)In-person, n (%)Overall, n (%)

.31N=25N=102N=95N=222Offered partner HIVST b

1 (4.0)5 (4.9)9 (9.5)15 (6.8)No

24 (96.0)96 (94.1)85 (89.5)205 (92.3)Yes

0 (0.0)1 (1.0)1 (1.1)2 (0.5)Refused to answer/Don’t know

—N=1—cN=9N=10Reasons partner HIVST not offered

1 (100.0)—0 (0.0)1 (10.0)Fear of partner’s reaction

0 (0.0)—3 (33.3)3 (30.0)Have not seen partner since HIVST received

0 (0.0)—4 (44.4)4 (40.0)Tried to discuss, partner reacted negatively

0 (0.0)—2 (22.2)2 (20.0)Other

.50N=24N=96N=85N=205Partner used HIVST

1 (100.0)92 (95.8)83 (97.7)199 (97.1)

.94N=24N=92N=83N=199Tested with partner

24 (100.0)91 (98.9)82 (98.8)197 (99.0)

.56N=24N=92N=83N=199Saw partner's results

24 (100.0)89 (96.7)82 (98.8)195 (98.0)Yes, I observed it

0 (0.0)2 (2.2)1 (1.2)3 (1.5)No, I was told the results

0 (0.0)1 (1.1)0 (0.0)1 (0.5)No, I don’t know his result

.52N=24N=91N=83N=198Partner HIV results

23 (95.8)87 (95.6)80 (96.4)190 (96.0)HIV-negative

1 (4.2)1 (1.1)2 (2.4)4 (2.0)HIV-positive

0 (0.0)1 (1.1)1 (1.2)2 (1.0)Refused to answer

0 (0.0)2 (2.2)0 (0.0)2 (1.0)Missing

<.01N=25N=102N=95N=222Experienced harm as a result of the HIVST

25 (100.0)80 (78.4)85 (89.5)190 (85.6)No

0 (0.0)17 (16.7)2 (2.1)19 (8.6)Yes

0 (0.0)1 (1.0)0 (0.0)1 (0.4)Refused to answer

0 (0.0)4 (3.9)8 (8.4)12 (5.4)Missing

aComparing in-person and SMS groups.
bHIVST: HIV self-test.
cSMS reporting results not evaluated, and P value not determined.

Discussion

We found that nearly half of women seeking reproductive health
services were willing and able to use SMS to respond to surveys
on sensitive HIVST outcomes for their male partners. The
SMS-based survey substantially increased the proportion of
women that reported HIVST outcomes among women with
scheduled follow-up visits (1.48-fold increase), and was a
successful strategy to capture HIVST outcomes for those without
scheduled follow-up visits. We did not detect differences in the
proportions of women who reported that partners used HIVSTs
or reported their partner’s HIV status; however, we did note a
significant difference in the frequency of reported social harm
related to HIVSTs. This suggests that the mode of outcome
ascertainment did not bias responses for nonsensitive questions

and may have improved the reporting of sensitive information,
such as reports of social harm related to HIVSTs.

Our analysis was subject to some limitations, but also provided
insight on logistical barriers to SMS registration. Restricting
registration to the primary mobile carrier and requiring phones
to be present led to exclusions of 21.3% (104/486) of women
accepting HIVSTs. We were unable to disaggregate lack of
phone ownership from phones not being brought to the clinic.
Women in our study may also have had intermittent access to
a mobile phone due to shared phones with male partners or other
community members, which have previously been reported as
potential barriers to including women in SMS surveys [15].
System time-out at registration was uncommon, but 43.6%
(96/222) timed-out at follow-up and did not complete the survey.
These findings may indicate poorer network coverage and power
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supply problems outside the clinic, or that participants became
disinterested or uncomfortable answering the SMS surveys.
Mobile phone accessibility, network coverage consistency, and
difference in mobile carriers may impact generalizability and
should be considered during the development stage of SMS
projects [15]. Alternative strategies for survey registration, such
as remote registration for individuals who share phones or do
not have their phone present, may improve eligibility for SMS
surveys. Finally, this study may have lacked power to compare
some HIVST outcomes between women responding via SMS
and in-person, such as partners with HIV, and was not able to
compare reasons for not offering HIVSTs since this information
was not collected via SMS.

SMS has successfully been used to remotely collect survey data
[16-20]. Studies suggest that participants are willing to respond
to sensitive questions if reminders to delete messages,

passwords, or personal identification numbers are used [21,22].
In East Africa, SMS response rates to surveys on sexual
behaviors, pregnancy history, HIV testing, and adherence to
PrEP range between 14% and 96% [16,21,23-25]. Response
rates increase with financial incentives, clear instructions for
responding, and in the context of research [17,21,26]. Lack of
incentives coupled with misconceptions that costs would be
incurred for SMS responses may have hindered response rates
in our program compared to other studies [27,28].

In conclusion, SMS enhanced our ability to measure male
partner HIVST outcomes. Our study demonstrates that SMS
can be used to collect brief survey data on sensitive information,
even in the absence of financial incentives. SMS should be
considered to capture health outcomes, which may alleviate
health system constraints and burdens associated with in-person
visits.
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Abstract

Background: Quantification of dietary intake is key to the prevention and management of numerous metabolic disorders.
Conventional approaches are challenging, laborious, and lack accuracy. The recent advent of depth-sensing smartphones in
conjunction with computer vision could facilitate reliable quantification of food intake.

Objective: The objective of this study was to evaluate the accuracy of a novel smartphone app combining depth-sensing hardware
with computer vision to quantify meal macronutrient content using volumetry.

Methods: The app ran on a smartphone with a built-in depth sensor applying structured light (iPhone X). The app estimated
weight, macronutrient (carbohydrate, protein, fat), and energy content of 48 randomly chosen meals (breakfasts, cooked meals,
snacks) encompassing 128 food items. The reference weight was generated by weighing individual food items using a precision
scale. The study endpoints were (1) error of estimated meal weight, (2) error of estimated meal macronutrient content and energy
content, (3) segmentation performance, and (4) processing time.

Results: In both absolute and relative terms, the mean (SD) absolute errors of the app’s estimates were 35.1 g (42.8 g; relative
absolute error: 14.0% [12.2%]) for weight; 5.5 g (5.1 g; relative absolute error: 14.8% [10.9%]) for carbohydrate content; 1.3 g
(1.7 g; relative absolute error: 12.3% [12.8%]) for fat content; 2.4 g (5.6 g; relative absolute error: 13.0% [13.8%]) for protein
content; and 41.2 kcal (42.5 kcal; relative absolute error: 12.7% [10.8%]) for energy content. Although estimation accuracy was
not affected by the viewing angle, the type of meal mattered, with slightly worse performance for cooked meals than for breakfasts
and snacks. Segmentation adjustment was required for 7 of the 128 items. Mean (SD) processing time across all meals was 22.9
seconds (8.6 seconds).

Conclusions: This study evaluated the accuracy of a novel smartphone app with an integrated depth-sensing camera and found
highly accurate volume estimation across a broad range of food items. In addition, the system demonstrated high segmentation
performance and low processing time, highlighting its usability.

(JMIR Mhealth Uhealth 2020;8(3):e15294)   doi:10.2196/15294
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Introduction

Qualitative and quantitative assessment of dietary intake are
cornerstones for the prevention and management of metabolic
diseases such as obesity and diabetes [1,2]. Traditional manual
food records that rely on human abilities to quantify food intake
are time-consuming and error-prone [3]. One of the main
challenges is the appropriate estimation of portion size (ie,
volume) [4]. Inaccurate portion size estimation contributes up
to 50% of the total estimation error [5]. Novel approaches
replacing manual input by automated techniques may overcome
the inherent limitations of traditional approaches, while
increasing usability.

Mobile devices, currently ubiquitous, could simplify dietary
monitoring. Although there are a number of commercially
available apps offering access to food composition databases
or providing reference images to facilitate estimation of portion
size [6], they are generally limited by the need for manual user
input.

High-quality smartphone cameras and computer vision
approaches can be combined to fully automate portion size
estimation. Users capture images of the meal using the
smartphone camera, and the app subsequently builds a 3D model
of the food to calculate its volume [7]. Combining the food
volume with macronutrient-density databases, the app translates
the volume into weight and then nutrient information. Food
identification can be accomplished either by user selection or
as part of the automated image processing, which further
minimizes the need for user input [8].

Researchers have described several such systems [9-13]. A
major challenge in many of these approaches lies in the
capturing of the third dimension (depth) due to geometric
constraints. In particular, factors such as precise food location,
shape and size of food items, and changes in these parameters
depending on camera perspective potentially interfere with
reliable depth assessment. To overcome such constraints,
fiducial markers, which ground the scene in a common frame
of reference, are utilized. In addition, some systems use multiple
images or video sequences of the food, followed by a complex
calibration process. All these aspects inherently affect usability
and accuracy.

The recent advent of miniaturized depth-sensing cameras
embedded within smartphones (eg, iPhone X) opens a new
horizon for automated food quantification. Using a single
capture including depth information from any convenient
viewing angle, this technology has the potential to eliminate
the need for manual input, thereby increasing usability as well
as accuracy. Therefore, the aim of this study was to evaluate
the accuracy of a novel smartphone app that combines
depth-sensing with computer vision to quantify food volume
across a broad range of meals reflecting a real-life setting.

Methods

Study Design
The study occurred at the Central Kitchen Facility of the
University Hospital Bern, Switzerland, in mid-January 2019.
The system was tested on regular meals served to patients and
hospital staff. A total of 48 test meals were randomly generated
from a pre-defined pool of 128 food items. The test meals
comprised the following meal types: breakfast, cooked meals,
and snacks. Meals consisted of 4 (breakfast), 3 (cooked meals),
or 1 (snacks) food items and were served on a standard plate or
in a standard bowl. The meal content is described in Multimedia
Appendix 1.

For each test meal, a single image was taken at a predefined
angle of either 45° or 90° from the horizontal position (the angle
was estimated by the user). The allocation of the capture angle
of each meal was pre-defined using a balanced randomization
procedure. The randomization sequence was produced as a
binary sequence in three batches (by meal type). Images were
captured under natural light conditions.

Smartphone App
The app was provided by SNAQ GmbH (Zurich, Switzerland)
using a software version from May 2018, and it was installed
on an iPhone X (Apple Inc, Cupertino, California), which uses
a built-in depth sensor applying structured light. The automated
food quantification workflow is summarized in Figure 1 and
consisted of (1) capturing the scene, (2) analyzing the scene,
(3) estimating the volume, (4) converting the food volume into
food weight, and (5) conversion of the food weight into
macronutrient content.

Figure 1. Automated food quantification workflow performed by the SNAQ app.
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First, the user takes a photograph using the phone, and a depth
map of the food is generated through the phone’s front sensors
consisting of a photo camera and an active depth sensor.

Second, the system partitions the image into consistent regions
representing different items and eliminates those that are not
food. To do so, a convolutional neural network has learned how
food is structured in terms of sets of pixels and their correlations
to the visual appearance of images. The data used to train the
system consist of images with flags for each pixel indicating
whether the respective pixel represents food. If the automated
segmentation is not deemed satisfactory, the user can manually
adjust the outlines of the items. A workflow of the segmentation
as well as an example of good and bad segmentations are
provided in Multimedia Appendix 2. Then, based on the depth
map and input from the phone sensors, the visible point cloud
is transformed into a set of surfaces using a Delaunay
triangulation. The system extracts the location and orientation
of the table (vertical plane) using the RANSAC-Algorithm [14]
for an outlier-robust fitting. From this, the surfaces of each dish
are defined. Selection of the food type is manually performed
for each of the segmented food items.

Third, the segmented food items are used to cut the visible
surface into partial food surfaces. Each food surface is then
closed by the dish surfaces before their volume is calculated.

Fourth, the food volume is converted into food weight using a
food density database. Finally, the food weight is converted
into macronutrient content using the Swiss Food Composition
Database [15].

This study was designed to assess the accuracy of automated
quantification of portion sizes. Automated food recognition (ie,
the taxonomy of the food items) was not a focus of this study.
Instead, the user capturing the image selected the respective
food item from a pre-defined list within the app.

Reference Method
The reference weight was generated by weighing individual
food items to the nearest 0.1 g using a precision scale (ME4002,
Mettler Toledo, Greifensee, Switzerland). Conversion into
macronutrient content was performed using the Swiss Food
Composition Database [15].

Endpoints
There were four study endpoints: (1) error of the estimated meal
weight, (2) error of the estimated meal macronutrient content
and energy content, (3) segmentation performance (defined as
the number of items requiring manual correction of segmentation
as well as intersection of the uncorrected and corrected
segmentation areas over the corrected segmentation area), and

(4) processing time (defined as the time period from image
capture to macronutrient/energy output, including the time
required for manual inputs).

Sample Size Calculation and Statistical Analysis
The number of test meals in this study was determined based
on a pilot experiment showing a mean (SD) difference in
carbohydrate content of –2.6 g (9.2 g). Applying a power of
80% and significance level of .05 for 48 meals was deemed
appropriate.

The error was determined on the meal level, and the following
error metrics were used: bias, defined as the difference between
estimation and reference (estimate-reference); absolute error,
defined as |estimate-reference|; and 95% limits of agreement,
calculated as ±2*SD of the bias. Bland-Altman plots were
generated to visualize the level of agreement between the
estimate and reference values. General linear models were used
to assess the effect of meal type and inclination angle on the
estimation error. P values <.05 were considered statistically
significant. SPSS version 25.0 (IBM Corp, Armonk, NY) was
used for statistical analysis. Data are described using mean (SD)
and median (interquartile range [IQR]). All absolute error and
bias values in this paper are presented as absolute values (g)
followed by the relative values (%) in parentheses.

Results

Macronutrient and Energy Content of the Test Meals
The 48 test meals encompassed 128 food items. The mean
reference macronutrient and energy contents of the 48 test meals
are summarized in Multimedia Appendix 3. On average, the
meals weighed 235.8 g (range 29.6-582.4 g). Meals contained
an average 38.5 g carbohydrate (range 4.4-101.0 g), 14.6g
protein (range 0.2-66.9 g), and 11.7 g fat (range 0.1-37.1 g).
Mean energy content was 325 kcal (range 32-609 kcal). Insights
into the study meals, including the representation of different
meal types, are provided in Multimedia Appendix 4.

Errors of Estimated Meal Weight, Estimated Meal
Macronutrient Content, and Estimated Meal Energy
Content
The mean (SD) error metrics are summarized in Table 1, and
the median (IQR) error metrics are presented in Multimedia
Appendix 5. Corresponding Bland-Altman plots are presented
in Figures 2-6. In both absolute and relative terms, the mean
(SD) absolute error of the estimated weight for all meals was
35.1 g (42.8 g; 14.0% [12.2%]), and the mean (SD) bias was
19.3 g (52.1 g; 5.4% [17.8%]). The 95% limits of agreement
were –84.8 g and 123.4 g (Figure 2).
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Table 1. Error metrics for all meals and by meal, reported as the difference between the app’s estimate and the reference weight, macronutrient content,
or energy content.

Limits of agreement, gBiasAbsolute errorMeal characteristics

Relative value, %,
mean (SD)

Absolute value, g,
mean (SD)

Relative value, %,
mean (SD)

Absolute value, g,
mean (SD)

Weight  

–84.8, 123.45.4 (17.8)19.3 (52.1)14.0 (12.2)35.1 (42.8)All meals

–88.3, 98.70.2 (12.3)5.2 (46.8)9.5 (7.5)30.9 (34.6)Breakfast

–73.4, 180.815.2 (18.0)53.7 (63.6)18.2 (14.7)62.9 (53.8)Cooked meals

–38.5, 36.41.0 (19.2)–1.0 (18.7)14.2 (12.4)11.5 (14.6)Snacks

Carbohydrate 

–13.9, 15.92.9 (18.3)1.0 (7.5)14.8 (10.9)5.5 (5.1)All meals

–18.7, 17.7–1.0 (14.7)–0.5 (9.1)12.1 (7.9)7.1 (5.5)Breakfast

–12.4, 18.78.6 (20.3)3.2 (7.8)18.2 (11.6)6.5 (5.2)Cooked meals

–9.3, 9.81.0 (19.2)0.3 (4.8)14.2 (12.5)2.9 (3.7)Snacks

Protein 

–10.0, 13.45.6 (15.2)1.7 (5.9)13.0 (13.8)2.4 (5.6)All meals

–3.1, 3.10.0 (8.8)0.0 (1.5)7.3 (4.6)1.0 (1.1)Breakfast

–12.9, 23.515.3 (20.8)5.3 (9.1)17.4 (18.9)5.6 (8.9)Cooked meals

–2.0, 1.51.4 (19.4)–0.3 (0.9)14.2 (12.7)0.5 (0.8)Snacks

Fat

–3.8, 4.75.7 (16.9)0.5 (2.1)12.3 (12.8)1.3 (1.7)All meals

–3.1, 3.93.1 (11.6)0.4 (1.8)8.4 (8.3)1.2 (1.3)Breakfast

–3.6, 6.212.1 (18.0)1.3 (2.4)14.4 (16.0)1.6 (2.3)Cooked meals

–4.1, 3.51.8 (19.2)–0.4 (1.9)14.0 (12.8)1.1 (1.6)Snacks

Energy 

–99.4, 130.3a4.1 (16.2)15.5 (57.4)a12.7 (10.8)41.2 (42.5)aAll meals

–101.1, 105.4a0.4 (11.4)2.1 (51.6)a9.2 (6.2)40.4 (30.5)aBreakfast

–88.7, 184.2a11.0 (15.8)47.8 (68.2)a14.7 (12.3)59.1 (58.0)aCooked meals

–76.4, 69.5a1.0 (19.2)–3.5 (36.5)a14.2 (12.4)24.1 (26.9)aSnacks

akcal.
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Figure 2. Bland-Altman plot illustrating the difference between the estimated and reference meal weights.

The mean (SD) absolute error of the estimated carbohydrate
content for all meals was 5.5 g (5.1 g; 14.8% [10.9%]), and the
mean (SD) bias was 1.0 g (7.5 g; 2.9% [18.3%]). The 95% limits
of agreement were –13.9 g and 15.9 g (Figure 3). The mean
(SD) absolute error of the estimated protein content for all meals
was 2.4 g (5.6 g; 13.0% [13.8%]), and the mean (SD) bias was
1.7 g (5.9 g; 5.6% [18.2%]). The 95% limits of agreement were
–10.0 g and 13.4 g (Figure 4). The mean (SD) absolute error of

the estimated fat content for all meals was 1.3 g (1.7 g; 12.3%
[12.8%]), and the mean (SD) bias was 0.5 g (2.1 g; 5.7%
[16.9%]). The 95% limits of agreement were –3.8 g and 4.7 g
(Figure 5). The mean (SD) absolute error of the estimated energy
content for all meals was 41.2 kcal (42.5 kcal; 12.7% [10.8%]),
and the mean (SD) bias was 15.5 kcal (57.4 kcal; 4.1% [16.2%]).
The 95% limits of agreement were –99.4 kcal and 130.3 kcal
(Figure 6).

Figure 3. Bland-Altman plot illustrating the difference between the estimated and reference carbohydrate content of the meals.
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Figure 4. Bland-Altman plot illustrating the difference between the estimated and reference protein content of the meals.

Figure 5. Bland-Altman plot illustrating the difference between the estimated and reference fat content of the meals.
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Figure 6. Bland-Altman plot illustrating the difference between the estimated and reference energy content of the meals.

While viewing angle had no significant influence on the
accuracy of macronutrient and energy estimation (P=.96, P=.83,
P=.99, P=.73, and P=.70 for absolute errors in weight,
carbohydrate, protein, fat, and energy content, respectively),
we observed a significant effect of meal type on the accuracy
for all macronutrients and energy content (P=.001, P=.001,
P=.001, P=.002, and P=.005 for absolute errors in weight,
carbohydrate, protein, fat, and energy content, respectively).
The mean bias values of the cooked meals for carbohydrate,
protein, and fat content were significantly higher than for the
breakfasts, with a mean (SD) difference in bias of 18.3% (4.9%)
for carbohydrate, 19.6% (4.9%) for protein, and 17.7% (5.1%)
for fat (all P<.001). The comparison of bias for snacks relative
to the bias of cooked meals resulted in marginal outcomes for
fat (P=.02), carbohydrate (P=.08), and protein (P=.07).
Furthermore, the bias for snacks was not different from the bias
for breakfasts for all macronutrients (P=.37, P=.26, P=.23,

P=.79, and P=.50 for weight, carbohydrate, protein, fat, and
energy content, respectively).

Segmentation Performance
In 7 of the 128 items (5.5%), segmentation required manual
adjustment. The intersection over union of unadjusted to
adjusted segmentation area was 71.8%.

Processing Time
Mean (SD) processing time across all meal types was 22.9
seconds (8.6 seconds). Processing time was significantly lower
for snacks (mean 17.9 seconds, SD 7.0 seconds) compared with
cooked meals (mean 27.8 seconds, SD 10.8 seconds; mean
difference –9.9 seconds, SD 2.7 seconds; P<.001). Processing
time was lower for breakfast (mean 23.1 seconds, SD 3.5
seconds) compared with cooked meals (mean difference –4.7
seconds, SD 2.8 seconds; P=.12). Figure 7 provides the
processing time stratified by meal type.
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Figure 7. Box-plot of the processing time according to meal type. Box-plots show median values (solid line), interquartile range (IQR; box outline),
spread of data points without outliers (whiskers) and outliers identified as 1.5*IQR (symbols).

Discussion

This study evaluated the accuracy of a novel smartphone app
that combines depth sensing with computer vision using
volumetry to quantify the macronutrient content of meals in a
real-life setting. The main findings were as follows: the accuracy
was adequate across all macronutrients, the accuracy differed
according to meal type (lower for cooked meals than for snacks
and breakfast), segmentation was good, and processing was
fast.

When compared with previous reports of apps using computer
vision without depth sensors, the present app had comparable,
or even superior, accuracy. Rhyner et al [16] reported a mean
absolute error of 26.2% in carbohydrate content when assessing
60 cooked meals with non-overlapping food items. In a further
preclinical study assessing the accuracy of the prototype used
by Rhyner et al and based on 54 cooked meals, the mean
absolute error in carbohydrate quantification was 14.8 g, which
corresponds to 24.7% for a meal carbohydrate content of 60 g
[17]. In contract, with the app in the present study, mean
absolute errors in macronutrient content estimation ranged from
12.3% (fat) to 15% (carbohydrate).

Of note, two recent studies assessing the accuracy of
image–based food quantification using volume as a reference
metric reported mean absolute errors in volume estimation of
7.2% [12] and 5.8% [18] based on the assessment of 5 and 20

food items, respectively. These slightly smaller errors compared
to those in this study can be explained by the different reference
metric used to define the system accuracy (error in estimated
volume versus error in estimated weight and consequently
macronutrient content). Of note, errors in weight estimation
have two potential sources: inaccuracies in volume and density
estimation. Additionally, operational aspects of the previously
reported systems differ from those in this study. Xu et al [12]
used a complex multi-step approach including reference objects,
while Makhsous et al [13] added a depth sensor with structured
light to the smartphone and complemented their approach with
video sequences, significantly increasing the complexity of the
workup. These differences highlight the important tradeoffs
between accuracy and usability.

Of note, this study revealed a comparably short processing time,
ranging from 18 seconds for snacks to 29 seconds for cooked
meals. This is faster than those reported in previous studies,
where processing times generally exceeded the limit of 1 minute
[19]. This highlights the usability of the present system even
when applied to meals in a real-life setting.

The accuracy of the tested app differed according to meal type
and was lower for cooked meals than for breakfasts and snacks.
This might have resulted from the different levels of complexity
in terms of scene analysis of the respective meals. Whereas the
breakfasts and snacks had food items that were clearly separated
from each other, the cooked meals had food items with touching
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borders or a certain degree of overlap. Notably, the angle of
image capture did not affect the estimation accuracy in this
study, indicating the flexibility, usability, and robustness of the
system.

We acknowledge a number of limitations of this study. First,
the assessment was limited to meals provided by the hospital
kitchen, preventing a generalized statement on the accuracy.
However, the system was tested using real-life meals,
underscoring its potential use in practice. Second, the system
was limited to a single type of smartphone (iPhone X) with a
depth sensor, precluding statements on the performance of the
software combined with different hardware components.
However, this approach supports the strength of providing a
commercially available tool. Third, the depth sensor limited the

reconstruction to 1/20th of the resolution and with lower depth
precision than with a passive depth sensor (dual camera
approach). However, the use of a depth sensor foregoes the need
for fiducial markers, rendering it more convenient to users.
Fourth, we served all meals on one plate or bowl type, possibly

reducing the variation in volume estimation that was unrelated
to the depth sensor. Finally, this study exclusively focused on
the accuracy of volume quantification and did not consider food
recognition.

When considering both observed accuracy and usability of the
present system, the field of potential use appears broad. Such
a system may be of interest in the medical sector to assist with
nutritional counseling and management of patients with
metabolic disorders (eg, diabetes mellitus, obesity) or at risk of
malnutrition. Beyond this, such a system may be valuable in
nutritional epidemiology due to the potential to systematically
and accurately monitor dietary intake on a large scale.

In conclusion, this study evaluated the accuracy of a novel
smartphone app with integrated depth sensing and found a high
level of accuracy in volumetric macronutrient and energy
estimation across a broad set of meals in a real-life setting. In
addition, the system demonstrated high segmentation
performance and low processing time, highlighting its usability.
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Abstract

Background: Approximately 90% of global cervical cancer (CC) is mostly found in low- and middle-income countries. In most
cases, CC can be detected early through routine screening programs, including a cytology-based test. However, it is logistically
difficult to offer this program in low-resource settings due to limited resources and infrastructure, and few trained experts. A
visual inspection following the application of acetic acid (VIA) has been widely promoted and is routinely recommended as a
viable form of CC screening in resource-constrained countries. Digital images of the cervix have been acquired during VIA
procedure with better quality assurance and visualization, leading to higher diagnostic accuracy and reduction of the variability
of detection rate. However, a colposcope is bulky, expensive, electricity-dependent, and needs routine maintenance, and to confirm
the grade of abnormality through its images, a specialist must be present. Recently, smartphone-based imaging systems have
made a significant impact on the practice of medicine by offering a cost-effective, rapid, and noninvasive method of evaluation.
Furthermore, computer-aided analyses, including image processing–based methods and machine learning techniques, have also
shown great potential for a high impact on medicinal evaluations.

Objective: In this study, we demonstrate a new quantitative CC screening technique and implement a machine learning algorithm
for smartphone-based endoscopic VIA. We also evaluated the diagnostic performance and practicability of the approach based
on the results compared to the gold standard and from physicians’ interpretation.

Methods: A smartphone-based endoscope system was developed and applied to the VIA screening. A total of 20 patients were
recruited for this study to evaluate the system. Overall, five were healthy, and 15 were patients who had shown a low to high
grade of cervical intraepithelial neoplasia (CIN) from both colposcopy and cytology tests. Endoscopic VIA images were obtained
before a loop electrosurgical excision procedure for patients with abnormal tissues, and their histology tissues were collected.
Endoscopic VIA images were assessed by four expert physicians relative to the gold standard of histopathology. Also, VIA
features were extracted from multiple steps of image processing techniques to find the differences between abnormal (CIN2+)
and normal (≤CIN1). By using the extracted features, the performance of different machine learning classifiers, such as k-nearest
neighbors (KNN), support vector machine, and decision tree (DT), were compared to find the best algorithm for VIA. After
determining the best performing classifying model, it was used to evaluate the screening performance of VIA.
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Results: An average accuracy of 78%, with a Cohen kappa of 0.571, was observed for the evaluation of the system by four
physicians. Through image processing, 240 sliced images were obtained from the cervicogram at each clock position, and five
features of VIA were extracted. Among the three models, KNN showed the best performance for finding VIA within holdout
10-fold cross-validation, with an accuracy of 78.3%, area under the curve of 0.807, a specificity of 80.3%, and a sensitivity of
75.0%, respectively. The trained model performed using an unprovided data set resulted in an accuracy of 80.8%, specificity of
84.1%, and sensitivity of 71.9%. Predictions were visualized with intuitive color labels, indicating the normal/abnormal tissue
using a circular clock-type segmentation. Calculating the overlapped abnormal tissues between the gold standard and predicted
value, the KNN model overperformed the average assessments of physicians for finding VIA.

Conclusions: We explored the potential of the smartphone-based endoscopic VIA as an evaluation technique and used the
cervicogram to evaluate normal/abnormal tissue using machine learning techniques. The results of this study demonstrate its
potential as a screening tool in low-resource settings.

(JMIR Mhealth Uhealth 2020;8(3):e16467)   doi:10.2196/16467

KEYWORDS

smartphone-based endoscope; smartphone VIA; machine learning; cervical cancer screening; low-resource settings

Introduction

According to the International Agency for Research on Cancer
and GLOBOCAN 2018, cervical cancer (CC) is the fourth most
frequent cancer in women worldwide [1], and approximately
90% of the global cervical cancer deaths in 2015 occurred in
low- and middle-income countries [2,3]. Although CC is
regarded as a highly preventable and curable cancer, it is still
one of the leading causes of mortality in low-resource settings
and developing countries due to their lack of sustainable
screening programs and limited infrastructure [3-5]. CC can be
readily managed when it is found in the precancerous stages
through routine screening methods, such as a cytology-based
test. The most popular and affordable method for CC screening
in low-resource countries is the use of visual inspection with
acetic acid (VIA). Since VIA offers relatively simple,
cost-effective visual feedback, it can even provide treatment on
the same day of a screening visit [4-7]. In VIA, the topical
application of 4-5% acetic acid to the cervix transforms
abnormal squamous epithelium to a dense white color, while
normal epithelium presents as a light pink color. Despite its
simplicity, VIA provides sufficient sensitivity and specificity
to identify the cancerous lesion; thus, it has been widely
promoted and recommended as an alternative to the conventional
cytology test (ie, the Pap smear) [4-8]. Nonetheless, visual
inspection methods have been found to be subjective and the
range of diagnostic performance varies widely, with significantly
better results obtained by physicians than by nurses [8].
Unfortunately, in many developing countries, trained physicians
who can interpret VIA correctly may not be readily available
[5,7,8].

Digital images of the cervix after application of acetic acid, or
digital cervicography, have been significantly important for
improving quality control. It is a very efficient way of
minimizing interpreters’ subjectivity by capturing higher
resolution images for post-screening analysis [9-13]. Moreover,
digital images can be transmitted or shared through the internet
with long-distance experts, thus closing the gap in human
resources [13]. Recent advances in smartphone technologies
have opened new possibilities for cervical screening in
low-resource settings, thus overcoming the limitations of

colposcopy, including the device’s bulkiness, high-cost,
electricity dependency, and constant maintenance need [14-20].

The smartphone is a highly integrated platform that includes
various functionalities, easy accessibility, a user-friendly
interface, ubiquitous internet, and communication technologies
[21]. The high-definition camera in a smartphone has especially
made an impact on the practice of medicine by offering
cost-effective, rapid, and noninvasive imaging capabilities
[21-25]. Smartphone-based cervical screening has been proven
feasible and validated for quality assurance in low resource
settings [14-20]. Smartphone-based digital visual inspection
following application of acetic acid has been demonstrated for
higher diagnostic accuracy and reduction of the variability of
detection rate. Although digital images are very effective in
various ways [5], implementation of remote expert consultation
is still challenging due to the lack of reliable broadband
connections in remote areas [19].

On the other hand, automated interpretation of data and
classification of cervical images for instant diagnostic
conclusions will enable on-site treatments to be delivered
without delays [26-31]. To date, various image processing and
interpretation methods have been successfully applied to VIA
using such features as aceto-whitening, blood vessel formation,
and texture of the surface [29-31]. Previous works have shown
that automated classification of VIA can perform as well as
experts’ qualitative assessment of colposcopic images [26-28].
Also, auxiliary processing methods, such as elimination of
speculum reflection and determination of the region of interest
(ROI), can further improve the overall performance of image
processing outcomes [31]. Automated quantification of VIA
based on modern image processing and machine learning
techniques could be a very promising platform for cervical
screening in low-resource settings. However, a fully automated
diagnostic performance using smartphone-based cervical images
has not been introduced, despite a clear need and potential.

In this study, we demonstrate a new quantitative CC screening
technique by implementing a machine learning algorithm for
smartphone-based endoscopic VIA. Our method can provide
digital images as well as an automated diagnostic classification
for comprehensive and intuitive feedback to a clinician. We
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have evaluated the diagnostic performance of the system through
quantitative comparison to the gold standard of cytology and
physicians’ interpretation of the digital images. This approach
would extend cervical cancer screening to remote populations
who do not have access to experienced colposcopists.

Methods

Smartphone-Based Endoscope System
We developed a miniaturized endoscope system by assembling
an endoscopic probe and smartphone with customized ancillary
components, as reported previously [25]. The smartphone-based
endoscope system and its components are illustrated in Figure
1. The system is composed of 3 major components: (1)
Customized coupler for universal attachment of endoscopic
probes, generated by three-dimensional (3D) printer (Stratasys,
Objet260 Connex2); (2) smartphone case, also generated by 3D
printer; and (3) an optical adapter used for magnification, which
is placed between the endoscopic probe and the smartphone
camera, as shown in Figure 1, part (a). Incorporating achromatic
and aspherized achromatic lenses that had 40-millimeter and
14-millimeter focal lengths (Figure 1, part [b]), respectively,

we obtained approximately 4× optical magnification. The image
can be further magnified up to approximately 12× with a
smartphone’s digital zoom feature. A portable light source was
attached to the illumination port of an endoscopic probe. Images
were acquired with the home-built android application that
features control functions such as compensation of the rotated
images caused by the lens, camera controls, including zoom,
ISO sensitivity, white balance, resolution size, and exposure
adjustments, and the option to save files.

Optical elements of the adapter significantly improved the cervix
image captured with a smartphone camera alone. Images of the
central part of the Unites States air force (USAF) resolution
target were captured with/without a smartphone endoscope
(Figure 1, part [c]). The device was placed at 150 millimeters
and 300 millimeters away from the target, where prior
smartphone-based VIA [14,19] and routine colposcopy [32] are
conducted. For the endoscope system, we placed the distal end
of the probe at 20 millimeters away from the target, where the
whole ectocervix was well defined in the field of view. As
shown in Figure 1, part (d), smartphone-based endoscopy
achieved the best resolution from a line plot representing Group
2, Element 4, from part (c), in the resolution target.

Figure 1. Schematic of the system. (a) 3D modeling of the smartphone-based endoscope system. (b) Optics of the customized zoom lens. (c) Images
of the resolution target taken without any optics adapter and our system, respectively. (d) Group 2, element 4 from each image was described as a line
plot. 3D: three-dimensional; AU: arbitrary unit.

Image Acquisition From Clinic
Following a protocol approved by the Ulsan University Hospital
Institutional Review Board, we collected smartphone-based
VIA images using an endoscope in human subjects. In Ulsan
University Hospital, VIA was routinely performed to visualize
the margin of the suspicious tissue before loop electrosurgical
excision procedure (LEEP). Therefore, each imaging session

was conducted before LEEP, in an operating room. A rigid
endoscopic probe (Medstar, Otoscope, 0°, Ø4, and 50 mm
length) was inserted inside a subject’s vagina where speculum
had already been placed. Since the endoscope is thin,
smartphone-based endoscopic VIA imaging was performed in
a noninvasive and noncontact manner. All patients who
underwent LEEP had already been potential candidates to have
cervical intraepithelial neoplasia (CIN2+), which was
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determined by previous cytology-based tests and colposcopy.
A typical procedure in this study took less than five minutes
without causing undue burden on volunteers and delaying the
treatment. First, one minute was used to take images before the
application of the acetic acid, then the next 1-2 minutes was
used to apply the 3-5% acetic acid, then another minute for
waiting, and then the last minute was used to take VIA images.
Figure 2, parts (a) and (b), show representative images of the
smartphone-based endoscopic VIA. For patients who underwent
LEEP, 12 tissue sections were collected at each clock position
from the excised ectocervix. For this study, physicians labeled
the CIN grades in colors, as shown Figure 2, parts (c)-(e). A
total of 20 patients aged 20 years old or older participated in
this study. Among them, five volunteers were normal (CIN1-),
and 15 were confirmed abnormal (CIN1+) using the gold

standard cytology test. Normal cervix status of the five subjects
was verified as such by cytology test and colposcopy, so no
LEEP was performed and no tissues were collected from them.

All captured images, including before and after application of
the acetic acid, were sent to expert physicians for review. A
total of four experts with professional experience, ranging from
12-20 years, participated and were kept blind to the results of
the machine learning and the cytology. Physicians’
interpretations were based only on VIA features without any
additional information given to them. During the image reviews,
physicians labeled the directional information of the tissue
region that contained suspicious abnormal features (Figure 2).
In this study, tissues, including normal and CIN1, were
considered to be normal, and CIN2+ was considered to be
abnormal because only CIN2+ requires treatment [26].

Figure 2. Smartphone-based endoscopic cervicogram. (a) Cervicogram of before acetic acid application. (b) Cervicogram of after acetic acid application.
(c) VIA- patient (d-e) VIA+ patients with predictions from best among four physicians. Prediction labeled the precancerous regions with colors at each
clock position. VIA: Visual inspection with acetic acid.

Preimage Processing
Images from smartphone-based endoscopic VIA contain
unnecessary features, such as vaginal walls, speculum, and
specular reflections of light, as commonly found in typical

cervicograms [28,31]. As these features may affect overall
classification accuracy, we performed multi-step image
processing to reduce their influence on data analysis (See Figure
3a).
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Figure 3. Block diagram of image processing and classification. (a) Preimage processing method, (b) Feature analysis and classification. SR: speculum
reflection; ROI: region of interest; RGB: red, green, blue; CIE: Commission Internationale de l'Eclairage; HSV: hue, saturation, value; CV: cross-validation;
KNN: K-nearest neighbor; SVM: supportive vector machine; DT: decision tree.

Next, ROI was defined to segment the major cervix region. The
major cervix region in images both before and after the
application of acetic acid contains high red-channel values [27].
For ROI detection, the red-channel image was transferred to
grayscale and separated into multilevel binary images. Here,
the 8-bit grayscale of the red-channel image was sliced into
eight planes ranging from the least significant bit, 0, to the most
significant bit, 7. Most of the seventh and eighth bit-planes
represent the major ectocervix regions, so we used these features
to generate the mask for ROI segmentation. Due to the slight
differences of the cervix images between pre– and post–acetic
acid application, we performed an ‘AND’ operator to segment
the overlapping regions.

Before VIA features extraction and classification, image pairs
for pre– and post–acetic acid application had to be properly
registered. As shown in Multimedia Appendix 1, we manually
provided three points as fiducials on each image to locate the
center of the cervix (red dot) and both ends of the cervical os
(2 black dots). Utilizing the center point, we correctly registered
the center of the cervix for every image pair. We also drew a
line penetrating the other two points and found the angle of the
line from each image. We made this line horizontal by rotating
images with respect to the given center point. Further, we
cropped the images into 12 pieces, as sectioned in histology. In
this image processing method, we used a total of 20 image pairs
acquired from volunteers as initial input (ni=40) and obtained
240 pieces of images that have directional information for both
before (ncb=240) and after (nca=240) acetic acid application. All
detailed procedures with representative images for each step
can be found in Multimedia Appendix 1.

Feature Analysis and Selection
After the preprocessing of images, VIA features were analyzed
to identify the images containing the suspicious lesions. To

extract the abnormal features, we inspected RGB color intensity,
values in extended color space, and Haralick’s texture features
[33]. The application of the acetic acid on squamous epithelial
areas coagulates the cellular protein and dehydrates the
cytoplasm. Images of VIA– cervix, thus, generally showed light
pink or very thin white appearances due to the reflection of light
from the underlying stroma. On the other hand, VIA+ tissues
that are rich in cellular proteins were presented with thick white
features which blocked the colors of the stroma. Due to this
reason, VIA+ incorporates larger, thick, white areas in images
that would exhibit more green and blue intensities in color space
[26,34]. From there, we computed the green-to-red and
blue-to-red intensity ratio and found the separation between
histogram distributions of pre– and post–acetic acid application
images. This approach would properly quantify changes in green
and blue intensities independent of device variation and level
of illumination. The differences of histogram distribution of
average (Dave), green-to-red (DG/R), blue-to-red (DB/R), and
average histogram differences of green-to-red and blue-to-red
(Dave) can then be defined as Standalone Equation 1, where
I(mode) is intensity level or index at mode in histogram.

The standard deviations of the green and blue channels are
another important extracted feature. Aceto-white features with
higher green and blue channel intensities also exhibited higher
standard deviations, which means more green and blue
intensities are widely distributed in the histogram. Different
color space was also utilized to find the features of VIA.
Commission Internationale de l'Eclairage (CIE)*Lab color space
was computed to achieve perceptual uniform color space, which
is useful to quantitatively distinguish between the colors of an
image. The great advantage of CIE*Lab is that it is independent
of device and illumination [26].
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In this study, the major color included on the cervix was defined
by calculating the average of a* channels from each post-acetic
application. Due to abnormal vascular formation, such as
mosaicism and punctuation, visualization of the uneven surface
of the ectocervix was another contrasting feature. Computation
of Haralick’s texture feature using gray-level cooccurrence
matrix (GLCM) may quantify the spatial variation of gray
intensity values related to the texture of an image. GLCM
measures the probability distributions of different combinations
of pixel values. Utilizing the GLCM, several pieces of statistical
information, such as contrast, correlation, energy, and
homogeneity, can be derived quantitatively to exhibit the texture
of the image [35,36]. Here, the GLCM was calculated at four
different angles (0°, 45°, 90°, 135°) with an interpixel distance
of 5 for the difference of the S channel (HSV color space) from
pre– to post–acetic acid images. Different angles measure the
features of interest in every direction. Therefore, all four GLCMs
were summed before texture calculation.

In this study, we specifically utilized correlation statistics, which
provide the extent of correlation between a pixel to its neighbor
pixel over the whole image [35]. The correlation statistics (mean
difference=0.248; P<.001) exhibited a significant difference in
the VIA+/– images, yet other texture statistics had shown a very
small difference, down to third and fourth decimal points in
mean difference (contrast: P=.066; homogeneity: P=.308;
energy: P=.249). Therefore, five VIA features were analyzed
and selected as potentially useful for diagnostic classification:
(1) Average difference of green/blue-to-red histogram index;
(2) SD of green channel from post–acetic acid images; (3) SD
of blue channel from post-acetic acid images; (4) average value
of a* channel; and (5) correlation values of Haralick’s texture
features from S channel information.

Classification Training and Validation
Using selected features of VIA as predictors, we interpreted the
tissue abnormality of a localized region for classification.
Machine learning techniques have been widely used and
successfully supervised for VIA classification [25,31]. In this
work, we examined and selected an appropriate classifier by
analyzing three different classifying methods. We performed
holdout k-fold cross-validation (k=10), not only to optimize the
hyperparameter to avoid overfitting/underfitting problems, but
also to select the best performing model. Thus, we randomized
the order of the images and used half (ntraining=120) for training
classifiers. The other half of the data, an untrained image set

(ntesting=120), was used as the testing set after the optimization
of classification models.

While in training, classifiers are validated using k-fold
cross-validation (k=10) with histopathology labels as the ground
truth. In this method, data is evenly divided into k subsamples.
Other k-1 subsamples are then used as training datasets, and
then held-out or excluded subsamples are used for validation.
Algorithms were repeated k times, with each of the subsamples
only utilized once, as the validating data and performance
accuracy were calculated by averaging the results from each
k-fold [37]. We designed k-nearest neighbors (KNN) with five
neighbors based on Euclidian distance, support vector machine
(SVM) with a fourth degree of polynomial kernel function
(cost=3; gamma=2.2), and decision tree (DT) with a limit of a
maximum of 20 nodes, based on Gini's diversity split criterion.
These parameters, or hyperparameters, in each classifying
method were optimized through the grid-search technique. All
predictors were standardized using their corresponding weighted
means and weighted standard deviations [28]. By using a
validation result in training, receiver operating characteristic
(ROC) curves with area under the curve (AUC), accuracy,
sensitivity, and specificity of each trained classifier were
computed and compared for selecting the best classifiers.
Throughout the classifiers, each image was interpreted to either
VIA+ or VIA–. The classification process is illustrated in Figure
3.

Results

Direct Evaluation of Smartphone-Based Endoscopic
VIA
To determine the feasibility of the smartphone-based endoscope
system for the VIA application, four physicians participated
and reviewed the image sets (n=20). In these 20 cases, both
clinically normal and low-grade squamous intraepithelial lesions
(LSILs) were designated as “normal,” and high-grade squamous
intraepithelial lesions (HSILs) was designated as “abnormal,”
resulting in 8 normal and 12 abnormal cases for this study. The
diagnostic performance assessed by pathologists is summarized
in Table 1. Sensitivity ranged from 33.3-83.3%, and specificity
was 100% for four physicians. Accuracy of the assessment
ranged from 60.0%, with a Cohen kappa of 0.286 (P=.068), to
90.0%, with a Cohen kappa of 0.800 (P<.001). Overall, an
average accuracy of 78%, with Cohen kappa of 0.571 (P<.001),
was observed for the evaluation of the system.

Table 1. Sensitivity, specificity, Cohen kappa value, and P value for smartphone-based endoscopic VIA among all observers (n=20).

P valueCohen KappaAccuracy, %Specificity, %Sensitivity, %Physicians

.0010.70685.0100.075.0Physician 1

.0680.28660.0100.033.3Physician 2

<.0010.80090.0100.083.3Physician 3

.0070.52875.0100.058.3Physician 4

<.0010.57177.5100.062.5Average
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Result of Image Processing
Figure 4 shows the representative images from each image
processing step. Specular reflections on the surface of the cervix
are removed while preserving visually natural or smooth
features. All areas of specular reflection with saturated intensity
are correctly localized for all 20 image pairs, including both
pre– and post–acetic acid application images. The intensity
threshold of 60% for specular reflection removal was effective,
as the reflections on the ectocervix regions were identified
clearly while minimally affecting general backgrounds. This
was feasible because more reflection intensity was obtained in
the focal plane compared to that of the unfocused regions. Next,
the major cervical region was selected as the ROI and was
segmented by applying the seventh and eighth bit-planes of the

red channel image as the primary mask. Although most of the
artifacts, such as unfocused background and speculum, were
successfully eliminated, some images still contained portions
of the vaginal wall. These results were likely found when the
cervix and vaginal wall adjoined each other, or strong intensities
appeared on the vaginal area by reflections. Through a
semiautomated registration algorithm, images were centered,
aligned, and rotated, as shown in the fourth column of Figure
4. Additional segmentation was conducted using overlapped
regions of pre– and post–acetic acid application images as a
secondary ROI mask. Furthermore, ROI images were sliced
based on their clock positions as they were collected for
histopathology. Each slice was then used to calculate color
distribution histogram, CIE*Lab, and HSV-based Haralick’s
texture features for VIA.

Figure 4. Result of image processing result. SR: speculum reflection; ROI: region of interest.

Feature Extraction
In Figure 5 (a1, a5), representative images of the sliced image
are shown for VIA– and VIA+, respectively. Figure 5 (a2, a6)
represents a* channel images using post–acetic acid images.
Due to aceto-whitening areas, VIA+ showed significantly lower
average values in the a* channel from CIE*Lab color space,
which represents lower for green and higher for magenta colors.
Primarily, lower values are localized in the area where
aceto-white exists. In Figure 5 (a3, a7), the images of the

difference of saturation channel from pre– to post–acetic acid
application are shown. Higher values of saturation were obtained
in aceto-whitening regions with VIA+ relative to those with
VIA–, where no aceto-whitening regions exist. Using images
in Figure 5 (a3, a7), correlation values were computed from
Haralick’s texture feature and visualized in Figure 5 (a4,8).
Contrary to expectation, higher correlation was found in VIA+
compared to VIA– (0-1, usually 1 for higher correlation);
however, a significant difference was observed, with a good
trend for distinguishing the feature.
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Figure 5. Result of feature extraction. (a) Extracted VIA features from sliced VIA-/VIA+ images, showing graphical information in different color
spaces. In addition, correlation map was calculated form Haralick’s texture feature. (b,c) Representative histogram of green-to-red ratio in VIA-/VIA+.
VIA: Visual inspection with acetic acid.

Among the five different features, representative data for the
green-to-red ratio were illustrated in Figure 5, part (b) and part
(c). There was a relatively small effect from the acetic acid
application observed in the green-to-red ratio in the VIA–
images, and the histogram of the green-to-red ratio in VIA–
shows little change between pre– and post–acetic acid
application in terms of distribution and mode. However, the
green-to-red ratio increased for VIA+ following application of
acetic acid, as shown in the histogram in Figure 5, part (c).
Following the application of acetic acid, the distribution of the

green intensity histogram broadened along with an increase in
intensity. Collecting all the statistical data, we derived the
average difference of intensity level in green/blue-to-red ratio
and the values of a* channels following application of acetic
acid. The standard deviation of green and blue intensity and
correlation of Haralick’s texture feature were also calculated
from the images after the application of acetic acid. Figure 6
summarizes these features with all predictors in abnormal tissues
having greater values than those from normal tissues, except
for a* values.
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Figure 6. Summarization of selected features as predictors for classifying model. VIA: Visual inspection with acetic acid; AU: arbitrary unit.

Classification Comparison
By using all the extracted values from 120 sliced image sets,
three different types of machine learning classifiers were trained
and analyzed. As shown in Figure 7, part (a), KNN yielded the
best performance in 10-fold cross-validation. KNN had the best
accuracy at 78.3%. with a sensitivity of 75.0%, a specificity of
80.3%, and a Cohen kappa of 0.5423 from 10-fold
cross-validation. The second most accurate classifier was DT,
with an accuracy of 75.8%, a sensitivity of 63.6%, specificity
of 82.9%, and Cohen kappa of 0.4721. SVM’s performance was
like DT but had the least accuracy for smartphone-based
endoscopic VIA, with an accuracy of 74.2%, sensitivity of
72.7%, specificity of 75.0%, and Cohen kappa of 0.4618. In the
ROC curve shown in Figure 7, part (b), KNN, DT, and SVM
showed an AUC of 0.805, 0.767, and 0.744, respectively. Figure
7, part (c), illustrates the result of prediction scores from each
classification on k-fold validation, indicating the probability of

an image belonging to either the negative or positive class. From
the box plot, separations of the scores of the abnormal and
normal data were distinguishable in the KNN model when
compared to that of DT and SVM. Most of the abnormal data
were distributed over 0.5, but those of normal data were shown
under 0.5 in the KNN and DT models. In the SVM model,
normal and abnormal data were separated into positive and
negative, respectively. As the best performing classifier in our
study, the KNN model was selected to evaluate the diagnostic
accuracy of VIA.

The confusion matrix for KNN in the validation and test sets is
illustrated in Figure 7, parts (d) and (e). The trained KNN model
produced similar accuracy for test data to that for validation
data, with an accuracy of 80.8%. The sensitivity of 71.9% in
the testing data was somewhat lower than that of validation
data; however, the specificity of 84.1% was slightly higher than
that of the training data.
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Figure 7. Comparison &amp; selection of classification model. (a) Performance of 10-fold cross validation in training set comparing the VIA results
from each classifier. (b) ROC curves comparing the VIA+ performances. (c) Box plots of prediction scores for each classifying method. (d) Confusion
map of validation in training set for KNN model. (e) Confusion map of separated test set for selected KNN model. VIA: visual inspection with acetic
acid; ROC: receiver operating characteristic; KNN: k-nearest neighbors.

Analysis of the KNN Classification for
Smartphone-Based Endoscopic VIA
Figure 8 illustrates the result of the classification with
smartphone-based endoscopic VIA images for ten patients that
were used for the testing set. By using all the prediction results
from the testing data, the locations of abnormal tissue were
visualized as a segmented annulus outside of each endoscopic
image. The red and blue segments of the annulus indicated
VIA+ and VIA– at each clock position, respectively. Out of
120 slice images, 32 were positive and 88 were negative,
according to the histopathology. As shown in Figure 8, part (a),
all the results of the gold standard for each patient were denoted
as colored lines inside the annulus and are aligned along each
clock position as a line. Red, green, and blue lines denote
abnormal tissues with HSIL (CIN2+), LSIL (CIN1), and normal
diagnoses, respectively. When the KNN result was confirmed
correctly as VIA+ by the gold standard, segments were labeled

yellow on the perimeter of the annulus for each patient. A total
of 23 sliced regions were matched correctly for VIA+.

Moreover, a patient was estimated to have an HSIL lesion if
there was at least one VIA+ segment included among the 12
locations. Out of a total of 10 patients, six patients were
predicted to have HSIL through KNN prediction. Among them,
six patients were correctly estimated as VIA+ (true positive).
Among the four patients confirmed as VIA–, KNN identified
three patients correctly (true negative). However, there were no
false negatives predicted by KNN for ten patients. Figure 8,
part (b), shows the agreement between the classification
algorithm and an individual physician’s interpretation for each
clock position. The classification algorithm shows a moderate
overall agreement ranging from 70.8-75.0%. For binary
classifications of patients, the algorithm provides more accurate
interpretations, as shown in Figure 8, part (c). The algorithm
yielded an accuracy of 90%, and the average accuracy for the
physician-achieved accuracy was 68% for ten patients.
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Figure 8. Analysis of KNN for smartphone-based endoscopic VIA. (a) Visualization of KNN classifying result for 10 patients with VIA+/VIA-. Lines
inside of annulus ring indicate the results of the golden standard for each clock position. Annulus ring presents the result of KNN classification according
to each clock position. Outer yellow mark represents the position where both the golden standard and prediction results are matched. (b) Graph presenting
the agreement of KNN to each physician. (c) Graph comparing the screening performance for 10 patients interpreted by KNN and physicians. VIA:
Visual inspection with acetic acid; KNN: k-nearest neighbors.

Discussion

Principal Results
The findings of this study suggest that the novel
smartphone-based approach for VIA with endoscopy and
machine learning techniques could potentially be a useful tool
for screening cervical cancer in low- and middle-income
countries. A smartphone-based endoscope system is a simple
and robust screening method that could be performed outside
of the office without cost, mobility, and electricity limitations.
Here, a moderate overall agreement (Cohen kappa=0.571) was
achieved between the interpretations of the smartphone-based
endoscopic cervicogram by physicians and the histopathologic
results. With the support of machine learning and image
processing techniques, the diagnostic performance was evaluated
for classifying VIA– or VIA+ patients. We explored three
different types of classifiers and selected the KNN algorithm
for this study due to its classification performance, and its AUC
of 0.805. Both hardware and machine-learned algorithms, based
on the gold standard, overperformed compared to the
conventional VIA. This was possible because our approach
increased the sampling numbers of prediction for each patient
compared to the gold standard. From the clinical point of view,
finding abnormality in normal tissue is critical, especially in
low-resource settings. The locations of abnormal tissue were
identified and visualized at each clock position for each patient.
With intuitive, perceptual color labels, VIA providers may easily
understand where aceto-whitening has appeared and its degree
of abnormality. Had our algorithm been used to determine the
treatment pathway, the data would effectively assist the VIA
providers with decision making.

To the best of our knowledge, this is the first smartphone-based
endoscopic VIA work. A smartphone-based endoscopic
approach provides some advantages over other
smartphone-based VIA studies [14-20,38,39]. Many studies on
diagnostic performances of smartphone VIAs have shown
promising results, with sufficient accuracy [14-20]. These
methods mostly utilized the tripod, or other hardware supports,
to obtain pictures, which poses a challenge of limited space for
maneuvering during the procedure. Recently, a portable
colposcope device with a unique tampon form called the pocket
colposcope was introduced with a high concordance to the
clinical colposcope. Like our approach, a pocket colposcope
enables us to capture images inside of the vagina. However, a
pocket colposcope requires a wire-connection to a smartphone
as an accessory, with limited hardware variation available
[38,39]. Here, using endoscopic probes within a speculum offers
noncontact, noninvasive imaging capability, minimizing the
cross-contamination risk between patients. Our endoscopic
probe enhances the resolution of the images and can achieve
more details of mosaicism, punctuation, and aceto-white regions.
This could substantially improve the diagnostic accuracy as
well as quality control of VIA.

Moreover, various types of endoscopic probes bring flexibility
to the system. A smartphone-based endoscope is based on
off-the-shelf optics to magnify the images while reducing the
signal-to-noise ratio by avoiding high digital zoom. A simple
modification of optical components can enable additional
functional imaging such as fluorescence, polarization, and
multi-spectral imaging, and thus can further improve the
visualization of the abnormal tissue [24,40-42]. Furthermore,
manipulation of the endoscopic device inside of the vagina is
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very intuitive and easy compared to that of conventional
approaches that are manipulated outside of the vagina. Thus,
neither tripods nor stands are required for acquiring stable
images, which in turn enhances the speed of the imaging session.

Image processing algorithms have been developed to minimize
external sources of error, such as deviations of illumination
power, imaging position, variations of devices, specular
reflections, and ROI of the cervix. Our method of ROI
segmentation is especially unique, as it uses bit-plane separation
and finding overlapped regions to eliminate insufficient
information in smartphone-based endoscopic cervicograms.
VIA features were mostly extracted based on a statistical
calculation of histograms rather than just acquiring the
quantitative pixel information from the raw images. This may
minimize dependencies on the imaging environment and make
image calculation confined to each image, but still afford similar
values of computation results when finding features. Extending
the RGB images to other color space also provides benefits for
calculation. Saturation values from HSV color space afford the
extent of purity of the hue data, which results in more intuitive
perceptual values between pre– and post–acetic acid application.

Moreover, the saturation value is separated from the brightness
value; thus, it is illumination invariant. Empirically, using
images of the difference between pre– and post–acetic acid
application in the saturation channel for GLCM showed a higher
significant difference (P<.001) in correlation values between
VIA– and VIA+. CIE*Lab color space is also very useful for
finding device- or illumination-independent quantitative color
measurements. CIE*Lab also separates the luminance
component (L*) from the color, which makes color information
less sensitive to illumination [28].

Limitations and Future Works
Even though our novel CC screening technique using
smartphone-based endoscopic VIA and machine learning
demonstrated a positive outcome as a pilot study, much
improvement is needed before it can reach its practical potential.
First, the accuracy of our algorithm classifying the patients was
calculated using a small number of samples. No false-negative
data was predicted within a small number of samples. We
believe increasing sampling size could additively provide a
greater number of sliced data for training and testing classifiers,
which could lead to more new cases that eventually lead to
much more reliable classification results. Therefore, the overall
estimation could be different with a larger data set; however, it
will still provide better performance compared to subjective
estimation from physicians. Second, our approach for ROI
segmentation aimed to precisely distinguish the ectocervix area
from the images; however, there are still some portions of
vaginal walls left that led to misclassification.

Moreover, the location and the area of the cervix are
substantially different in each image. For this reason, the image
processing algorithm for registering images of pre– and
post–acetic acid application was done by manually providing
positions of the center and distal ends of the cervical os. Through
image standardization by providing the visual guides in software,
deviation of positioning and working distance can be minimized
and further improve the ROI segmentation performance in an
automated processing algorithm. Lastly, our image
processing–based classification algorithm was performed on a
computer, limiting practical uses in developing countries in its
current form. Due to the computational intensity, the current
algorithm cannot be operated as a standalone in a smartphone.
Recently, Android-based machine learning, as well as image
processing techniques, have been introduced in various fields,
using SVM, KNN, DT, and Deep Convolutional Neural
Networks. As these functions are now available on mobile
phones [43-46], we will embed these Android-based machine
learning techniques to implement our algorithm on a smartphone
alone.

Conclusions
In conclusion, we explored the use of smartphone-based
endoscopic VIA and predicted a cervicogram as
normal/abnormal using machine learning techniques. Herein,
histopathology results, acquired at each clock position on the
excised cervical tissue, were provided as ground truth for
classifications. VIA features were then extracted after image
processing and utilized for training the classifiers. Overall, 120
sliced images obtained from the cervicogram at each clock
position were utilized, and three classifiers, such as KNN, DT,
and SVM, were compared. Approaches using KNN showed the
best performance from holdout 10-fold cross-validation in the
training set, with an accuracy of 78.3%, AUC of 0.807, a
specificity of 80.3%, and sensitivity of 75.0%. To validate the
trained model, we used the other 120 sliced images, achieving
an accuracy of 80.8%, specificity of 84.1%, and sensitivity of
71.9%. Prediction values were visualized with intuitive color
labels, indicating the normal/abnormal tissue at each clock
position for each patient. Calculating the overlapped abnormal
tissues between the gold standard and predicted values, our
KNN model for classifying VIA–/VIA+ patients overperformed
the interpretation results by physicians. Taken together, these
results suggest that the smartphone-based endoscopic VIA and
analysis based on the machine learning techniques would be a
valuable tool for screening VIA in low-resource settings.
Moreover, this approach can potentially minimize human
subjectivity and be particularly useful in areas where experts
or teleconsultations are unavailable.
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Abstract

Background: Little is known about pain and opiate use at home directly after total knee replacement (TKR). Due to adverse
effects, low opiate use is desired. An electronic health app (PainCoach) was developed to guide patients in pain control and opiate
use.

Objective: The aim of this paper was to investigate the effects of the PainCoach app on pain control and opiate use in patients
who underwent TKR during the first 2 weeks at home after surgery.

Methods: In an unblinded randomized controlled trial, patients scheduled for TKR were offline recruited and randomized to a
PainCoach group or control group. In the PainCoach group, the PainCoach app was downloaded on each patient’s smartphone
or tablet. In response to the patient’s input of the pain experienced, the PainCoach app gave advice on pain medication use,
exercises/rest, and when to call the clinic. This advice was the same as that received during usual care. The control group received
usual care. The primary outcomes were opiate use and visual analog scale (VAS) pain scores at rest, during activity, and at night
during the first 2 weeks at home after surgery, which were collected daily from day 1 until 14 postoperatively by online
questionnaires. The actual amount of app use was recorded, and active use was defined as ≥12 total app uses.

Results: The pain scores did not differ between the groups. The PainCoach group (n=38) used 23.2% less opiates (95% CI
−38.3 to −4.4; P=.02) and 14.6% more acetaminophen (95% CI 8.2-21.3; P<.001) when compared with the findings in the control
group (n=33). The PainCoach app was used 12 (IQR 4.5-22.0) times per patient. In the active PainCoach subgroup (n=19), the
following were noted when compared with the findings in the control group: 4.1 times faster reduction of the VAS pain score
during activity (95% CI −7.5 to −0.8; P=.02), 6.3 times faster reduction of the VAS pain score at night (95% CI −10.1 to −2.6;
P=.001), 44.3% less opiate use (95% CI −59.4 to −23.5; P<.001), 76.3% less gabapentin use (95% CI −86.0 to −59.8; P<.001),
and 21.0% more acetaminophen use (95% CI 12.6-30.0; P<.001).

Conclusions: The use of the PainCoach app contributes to reduced opiate use in the initial period at home after TKR. Active
use of this app leads to a further reduction in opiate use and improved pain control.

Trial Registration: ClinicalTrials.gov NCT03961152; https://clinicaltrials.gov/ct2/show/NCT03961152

(JMIR Mhealth Uhealth 2020;8(3):e16415)   doi:10.2196/16415
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Introduction

Total knee replacement (TKR) is a successful treatment option
for patients with end-stage knee osteoarthritis (OA) [1].
Moderate-to-severe pain after TKR can be expected [2,3]. Local
infiltration anesthesia (LIA) techniques and so-called fast-track
recovery programs have resulted in reduced pain and early

mobilization, subsequently reducing the length of stay in hospital
and increasing patient satisfaction [4-7]. Previous research
established several factors associated with increased pain after
TKR [8-19] (Table 1). Postoperative pain inhibits recovery,
increases morbidity, and may result in chronic pain, ultimately
limiting the effectiveness of TKR [6,20]. Therefore, pain should
be controlled optimally both in the hospital and at home.

Table 1. Factors associated with increased pain after total knee replacement.

Association with increased pain after TKRaFactor

Being female [8-12]Gender

Older age [8,10,13]Age

Higher BMIb [8,10]BMIb

Higher ASAc score [10]ASAc score

Higher pain catastrophization score [12,14-17]Pain catastrophization

Presence of comorbidities [8,10,13,18]Comorbidity

Having a history of knee surgery [10]Previous knee surgery

Higher preoperative pain severity [8,12,18,19]Preoperative pain

Poor social support [13]Social support

Poor preoperative mental health [8,10,13,18]Preoperative mental health

aTKR: total knee replacement.
bBMI: body mass index.
cASA: American Society of Anesthesiologists.

Although pain is usually under control during hospital stay, less
is known about pain control in the initial period at home after
TKR. Current pain management strategies include a combination
of nonsteroidal anti-inflammatory drugs (NSAIDs), nonnarcotic
medication, opiates, and exercise [4]. Although opiates are very
effective for reducing pain, serious adverse effects, such as
nausea, itching, reduced gut mobility, and urinary retention,
often occur [21]. Addiction to opiates is an ever increasing
problem and may ultimately lead to an increased risk of death
[22]. The amount of opiate use should therefore be kept to a
minimum. Orthopedic surgery, however, accounts for an
estimated 8.8% of prolonged prescription opiate use [23].
Therefore, alternative pain management strategies are needed.
Electronic health (eHealth) apps can be used to guide patients
in improving their pain management strategies at home. An
important benefit of these apps is that patients can access the
information provided directly and anywhere whenever necessary
[24-29]. The number of older adults with internet access and
acceptance of internet-based interventions is increasing, and
patients tend to remember up to 80% of the information acquired
from interactive education [30,31].

With this in mind, to manage pain better and potentially decrease
opiate use, an eHealth app named PainCoach was developed.
This app aims to help patients control their pain better in the
initial period at home after TKR, including optimal use of the
available pain medication. This study aimed to determine the
effects of PainCoach on pain control and opiate use in TKR
patients in the first 2 weeks at home after surgery. The
hypothesis was that the use of this app would decrease pain and
opiate use.

Methods

Study Design
An unblinded, randomized, controlled, single-center trial was
performed at Kliniek ViaSana (Mill, The Netherlands). Patients
with an American Society of Anesthesiologists (ASA) score of
I-II, a body mass index (BMI) of ≤35, and a plan to undergo
primary TKR between February and June 2016 were enrolled.
Four experienced high-volume knee surgeons performed all
surgeries, and three experienced anesthesiologists administered
spinal anesthesia. The same type of TKR implant was used in
all patients (NexGen LPS, ZimmerBiomet, Warsaw, Indiana).
All surgeries were performed using a tourniquet. The pain
management protocol consisted of preoperatively administered
medication, LIA injections during surgery directly before
cementing the implant, and a step-wise postoperative pain
management protocol (Multimedia Appendix 1). Patients were
excluded if they did not possess a smartphone or tablet, had a
contraindication to any of the medications used in the study,
did not have an email address, did not have internet at home,
did not have a thorough command of the Dutch language, had
memory disorders, or had surgery under general anesthesia.
Patients were recruited over the phone by the research staff after
being scheduled for primary TKR under spinal anesthesia, and
contraindication to any of the medications used in the study and
presence of memory disorders were checked by the
anesthesiologists. Patients were asked over the phone if they
possessed a smartphone or tablet, had an email address, had
internet at home, and had a thorough command of the Dutch
language. Patient information and informed consent were sent
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by postal service if a patient met the criteria and was interested
to participate. Patients were considered lost to follow-up if they
completed less than two postoperative questionnaires during
the first 2 weeks at home. Power analysis (significance level:
.05, power: 90%) showed that 35 patients would be needed in
each group to detect a difference of 10 points on a visual analog
scale (VAS) for pain (VAS pain, 0-100). Written informed
consent was obtained from all participants. The study was
approved by the medical ethics committee of St. Anna Hospital
(Geldrop, The Netherlands, Study ID: 5.12) and was registered
at Clinicaltrials.gov retrospectively (ID: NCT03961152).

Randomization
Included unblinded patients were randomly assigned to the
PainCoach or control group using lots presented in sealed
opaque envelopes during admission. All lots were created and
sealed by a researcher in the ratio of 1:1. A blinded nurse
presented the envelops to a patient, and the patient selected one
to complete randomization. All patients received the usual pain
management care including pre-, peri-, and postoperative pain
medication (Multimedia Appendix 1), participated in group
information meetings, received an information booklet, and
could contact the clinic at any time (24 hours a day/7 days a
week) in case of any remaining questions. In the PainCoach
group, in addition to receiving the aforementioned usual care,
the PainCoach app (Interactive Studios, Rosmalen, The
Netherlands) was downloaded on each patient’s smartphone or
tablet, using a unique download code. In this way, the PainCoach
app was not available to the control group. An unblinded nurse
provided the code and assisted the patient by completing the
download process of the app during admission. The app gave
the same advice as that during usual care. After only entering
the date of surgery as patient data, the app allowed patients to
input their pain level (no pain, bearable pain, unbearable pain,
or untenable pain) whenever they wanted until day 14 after
surgery. Based on the patient’s input and taking into account
the number of days after surgery, the app provided advice on
pain medication use, physiotherapy exercises including videos,
use of ice or heat packs, rest, immobilization of the operated
leg, and when to call the clinic (Multimedia Appendix 2).
Patients in the PainCoach group were not subjected to any
treatment that was different from that in the control group (ie,
advice on pain management was delivered in an extra and
different way, but the pain medication itself was exactly the
same for both groups). During the study, no major changes or
revisions were made to the PainCoach app.

Outcomes and Measurements
Beside the actual amount of app use, all the outcome
measurements were assessed using a digital, online, automated
collection system (OnlinePROMs, Interactive Studios,
Rosmalen, The Netherlands), which automatically sent an
invitation by email to complete an online questionnaire
preoperatively, daily from day 1 to 14, and at 1 month
postoperatively. In case of nonresponse to the preoperative or
1-month questionnaire, an automatic reminder was sent after 3
days. The invitation to complete the daily questionnaire was
sent at 5 pm, and patients had access to the questionnaire until
midnight.

The primary outcomes were opiate use and pain score of the
operated knee at rest, during activity, and at night in the first 2
weeks at home after TKR. The pain score was measured on a
VAS for pain, which ranged from 0 (no pain) to 100 (worst
imaginable pain), preoperatively, daily from day 1 to 14, and
at 1 month postoperatively [32-35]. Severe pain was defined as
a VAS pain score from 70 to 100. Opiate (oxycodon; 5 mg per
tablet; different manufacturers) use was recorded in quantities
per 24 hours from day 1 to 14.

The secondary outcomes in the first 2 weeks at home and 1
month after TKR included other pain medication use (ie,
NSAIDs [diclofenac], acetaminophen, or gabapentin; different
manufacturers), which was also recorded in quantities per 24
hours from day 1 to 14. Additionally, pain acceptance at rest,
during activity, and at night was assessed with a happy smiley
(acceptable pain) and a sad smiley (unacceptable pain)
preoperatively, daily from day 1 to 14, and at 1 month
postoperatively. Experiences with the executed recommended
physiotherapy exercises were recorded daily from day 1 to 14
on a 3-item scale (did too much, exactly enough, or could have
done more exercises). Moreover, function and quality of life
were measured preoperatively and 1 month postoperatively.
Knee function was assessed using the Knee Injury and
Osteoarthritis Outcome Score–Physical Function Short-form
(KOOS-PS) on a scale from 0 (no difficulty) to 100 (extreme
difficulty) [36]. The Oxford Knee Score was used to measure
combined function and pain on a scale from 0 (most severe
symptoms) to 48 (least severe symptoms) [37]. Quality of life
was measured using the EuroQol-5 Dimensions (EQ-5D) 3-level
version (EQ-5D-3L) questionnaire consisting of the following
two scores: EQ VAS score, which is assessed on a scale from
0 (worst imaginable health state) to 100 (best imaginable health
state), and EQ-5D descriptive system [38]. The PainCoach app’s
perceived effectiveness (usability, added value, and likelihood
of being recommended to others) was recorded on a 5-item scale
ranging from totally agree to totally disagree at day 14 after
surgery. Each downloaded app had its own app code that was
used to record the actual amount of app use. As the admission
period was generally 1 or 2 days, outcomes were measured until
day 14 after surgery, and outcomes at home were investigated,
the outcome active PainCoach app use was defined as using the
app at least 12 times in total.

Preoperative opiate and other pain medication use, age, gender,
ASA score, BMI, preoperative comorbidities, history of knee
surgery on the same side, Charnley score, date of surgery, date
of discharge, and complication data were collected from the
electronic patient records. Pain coping, anxiety, education level,
and marital status were determined preoperatively using an
online questionnaire. Pain coping was measured using the pain
coping and cognition list scored from 1 (totally disagree) to 6
(totally agree), and it had the following four categories:
catastrophizing, pain coping, internal pain management, and
external pain management [39].

Statistical Analysis
Analysis was performed using SPSS version 25.0 (IBM Corp,
Armonk, New York). All measured outcomes from day 1 until
day 14 after surgery were recoded into measured outcomes for
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days at home by subtraction of the admission period. Patient
characteristics were analyzed using descriptive statistics, and
data were checked for normal distribution. Differences in mean,
median, or percentage were tested using the independent
two-sample t-test, Mann-Whitney U test, likelihood analysis,
Fisher’s test, or Pearson’s chi-squared test, depending on the
type of data. Mixed linear models were used to analyze the
overall rate of decrease or increase for continuous data, and
generalized linear models were used to analyze the percentage
decrease or increase for count and nominal data. Additional
analysis was performed to compare the active PainCoach
subgroup with the control group, with correction for differences
in preoperative data. Statistical significance was set at P<.05,
and trends were defined as .05<P<.10.

Results

Patient Characteristics
A total of 97 patients were included, and of these, 76 patients
were randomized. Because of loss to follow-up, the final analysis
was performed with 71 patients (PainCoach group, n=38; control
group, n=33) (Figure 1). The response rates for the daily
questionnaires at home were 91% in the PainCoach group and
89% in the control group.

No statistically significant differences in patient characteristics
were found between the PainCoach group and control group.
The preoperative VAS pain score at night was significantly
lower in the active PainCoach subgroup (n=19) than in the
control group (P=.02) (Table 2).

Figure 1. Study flowchart. IOS: iPhone operating system; TKR: total knee replacement.
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Table 2. Characteristics of patients in the PainCoach group, active PainCoach subgroup, and control group.

P value

(2 vs 3)

P value

(1 vs 3)

3. Control

(n=33)

2. Active PainCoach

(n=19)

1. PainCoach

(n=38)

Characteristic

.44.8019 (58)13 (68)23 (61)Gender (male), n (%)

.38.2464.6 (7.5)62.8 (6.1)62.6 (7.0)Age (years), mean (SD)

.24.8327.8 (3.0)26.7 (3.4)27.6 (3.5)BMIa, mean (SD)

.13.3512 (36)11 (58)18 (47)ASAb (I), n (%)

.51.2117 (52)8 (42)14 (37)Preoperative comorbidities, n (%)

Preoperative prescription, n (%)

.48.206 (18)3 (16)5 (13)NSAIDsc

>.99.921 (3)0 (0)1 (3)Acetaminophen

>.99.240 (0)0 (0)3 (8)Opiate

>.99>.990 (0)0 (0)0 (0)Gabapentin

>.99.59Preoperative anxiety, n (%)

30 (91)18 (95)33 (87)No anxiety

3 (9)1 (5)5 (13)Some anxiety

0 (0)0 (0)0 (0)Much anxiety

.25.5121 (64)15 (79)27 (71)History of knee surgery on the same side, n (%)

.98.64Charnley score, n (%)

19 (58)12 (63)22 (58)One knee affected with OAd

6 (18)3 (16)7 (18)Both knees affected with OA

2 (6)1 (5)5 (13)Contralateral TKRe

6 (18)3 (16)4 (11)Multiple joints affected with OA

.30.33Education level, n (%)

1 (3)1 (5)3 (8)Primary school

10 (31)7 (37)14 (37)Secondary school

21 (66)11 (58)21 (55)Tertiary school

.09.19Marital status, n (%)

22 (67)18 (95)29 (76)Married

11 (33)1 (5)9 (24)Otherf

Pain coping, mean (SD)

.32.152.3 (0.6)2.5 (0.8)2.5 (0.7)Catastrophization

.66.683.7 (0.8)3.8 (1.0)3.6 (1.0)Pain coping

.29.243.9 (0.8)4.2 (0.9)4.1 (0.8)Internal pain management

.36.312.5 (0.8)2.7 (0.7)2.7 (0.8)External pain management

Preoperative VASg pain, median (IQRh)

.82.6532.0 (17.8-49.0)33.0 (13.0-43.0)33.0 (20.8-52.8)Knee at rest

.69.8260.0 (43.3-73.8)57.0 (30.0-75.0)60.5 (36.5-77.3)Knee during activity

.02i.1135.5 (15.0-58.5)15.0 (1.0-30.0)20.5 (4.8-42.5)Knee at night

Preoperative acceptable pain, n (%)

>.99.4027 (82)16 (84)29 (76)Knee at rest

.41.9013 (39)10 (53)16 (42)Knee during activity

>.99.2827 (82)16 (84)28 (74)Knee at night
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P value

(2 vs 3)

P value

(1 vs 3)

3. Control

(n=33)

2. Active PainCoach

(n=19)

1. PainCoach

(n=38)

Characteristic

.96.7648.5 (40.3-57.9)46.1 (40.3-54.4)47.3 (41.6-55.3)Preoperative KOOS-PSj, median (IQR)

.23.7524.8 (5.6)27.0 (7.2)25.3 (7.2)Preoperative OKSk, mean (SD)

.81.270.775 (0.651-0.807)0.775 (0.516-0.807)0.775 (0.471-0.783)Preoperative EQ-5Dl descriptive system, median (IQR)

.72.8986.0 (74.0-95.5)87.0 (79.0-93.0)86.0 (73.6-94.3)Preoperative EQ VASm, median (IQR)

.55.621 (3)2 (11)3 (8)Complications, n (%)

aBMI: body mass index.
bASA: American Society of Anesthesiologists.
cNSAIDs: nonsteroidal anti-inflammatory drugs.
dOA: osteoarthritis.
eTKR: total knee replacement.
fOther marital status: single, living together, divorced, widow(er), living apart together relationship, different.
gVAS: visual analog scale.
hIQR: interquartile range.
iSignificant difference (P<.05).
jKOOS-PS: Knee Injury and Osteoarthritis Outcome Score–Physical Function Short-form.
kOKS: Oxford Knee Score.
lEQ-5D: EuroQol-5 Dimensions.
mEQ VAS: EuroQol visual analog scale.

Visual Analog Scale Pain Scores and Opiate Use
During the first 2 weeks at home, the PainCoach group had
VAS pain scores of 17.0 (IQR 5.0-30.0) at rest, 20.0 (IQR
7.0-35.0) during activity, and 17.0 (IQR 4.0-37.0) at night. The
control group had VAS pain scores of 20.0 (IQR 7.0-33.0) at
rest, 21.0 (IQR 10.0-38.0) during activity, and 20.5 (IQR
8.0-40.0) at night. Pain was classified as severe on one or more
days in 21% (8/38) of patients from the PainCoach group and
30% (10/33) of patients from the control group. No statistically
significant differences were found between the two groups in
terms of the VAS pain scores at rest, during activity, and at
night (Figure 2A-C, Table 3). Regarding opiate use, the
PainCoach group used a mean of 0.4 (SD 0.7) tablets a day and
the control group used a mean of 0.5 (SD 0.8) tablets a day.
Opiate use was significantly reduced by 23.2% in the PainCoach
group when compared with the finding in the control group
(95% CI −38.3 to −4.4; P=.02) (Figure 2A-C, Table 3). One
month after surgery, no statistically significant differences in
the VAS pain scores were found between the PainCoach group
and control group (Table 4).

Adjusted analyses showed that the active PainCoach subgroup
had VAS pain scores of 10.0 (IQR 4.0-26.3) at rest, 12.0 (IQR
5.0-25.0) during activity, and 10.0 (IQR 2.8-28.0) at night during
the first 2 weeks at home. Pain was reported as severe on one
or more days in 16% (3/19) of patients from the active
PainCoach subgroup. The VAS pain score during activity
significantly decreased 4.1 times faster in the active PainCoach
subgroup when compared with the finding in the control group
(95% CI −7.5 to −0.8; P=.02) (Figure 2E, Table 3). The VAS
pain score at night significantly decreased 6.3 times faster in
the active PainCoach subgroup when compared with the finding
in the control group (95% CI −10.1 to −2.6; P=.001) (Figure
2F, Table 3). The mean opiate use was 0.3 (SD 0.5) tablets a
day in the active PainCoach subgroup. Opiate use was
significantly reduced by 44.3% in the active PainCoach
subgroup when compared with the finding in the control group
(95% CI −59.4 to −23.5; P<.001) (Figure 2D-F, Table 3). One
month after surgery, no statistically significant differences in
VAS pain scores were found between the active PainCoach
subgroup and control group (Table 4).
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Figure 2. VAS pain scores and opiate use in the PainCoach group and control group at rest (A), during activity (B), and at night (C) and in the active
PainCoach subgroup and control group at rest (D), during activity (E), and at night (F) on separate days and in the overall first period at home. a:
significant difference in VAS pain (P<.05); b: significant difference in opiate use (P<.05); c: trend in VAS pain (.05<P<.10); VAS: visual analog scale.
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Table 3. Findings in the PainCoach group, active PainCoach subgroup, and control group during the first 2 weeks at home.

P value
(2)

P value
(1)

2. Active PainCoach versus
control

1. PainCoach versus controlVariable

VASa pain, decrease or increase (rate)

.27.86↓1.9↓0.3Knee at rest

.02b.48↓4.1↓1.0Knee during activity

<.001b.06c↓6.3↓3.0Knee at night

Medication use, decrease or increase (%)

<.001b.02b↓44.3↓23.2Opiate

.06c.08c↓12.8↓9.2NSAIDsd

<.001b<.001b↑21.0↑14.6Acetaminophen

<.001b.71↓76.3↑4.6Gabapentin

Acceptable pain, decrease or increase (%)

.25.11↓20.3↓31.3Knee at rest

.38.40↑31.1↓17.2Knee during activity

.25.21↑36.4↓21.1Knee at night

.67.02b↓8.7↓33.1Experience with the executed recommended exercises—exactly
enough, decrease or increase (%)

aVAS: visual analog scale.
bSignificant difference (P<.05).
cTrend (.05<P<.10).
dNSAIDs: nonsteroidal anti-inflammatory drugs.
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Table 4. Findings in the PainCoach group, active PainCoach subgroup, and control group 1 month after surgery.

P value

(2 vs 3)

P value

(1 vs 3)

3. Control

(n=33)

2. Active PainCoach

(n=19)

1. PainCoach

(n=38)

VASa pain, median (IQRb)

.53.7710.0 (5.0-25.0)11.5 (4.3-18.8)11.5 (5.0-20.8)Knee at rest

.59.4915.0 (8.0-35.0)12.5 (9.3-26.3)14.0 (7.0-28.8)Knee during activity

.89.7915.0 (7.0-27.8)15.0 (5.0-33.0)15.0 (7.0-33.0)Knee at night

Acceptable pain, n (%)

>.99>.9928 (96.6)16 (100.0)31 (96.9)Knee at rest

.64.4125 (86.2)15 (93.8)30 (93.8)Knee during activity

>.99.4826 (89.7)14 (87.5)26 (81.3)Knee at night

.04d.2439.6 (9.8)33.5 (8.4)36.5 (10.5)KOOS-PSc, mean (SD)

.18.4226.8 (6.2)29.9 (9.1)28.4 (8.4)OKSe, mean (SD)

.11.340.775 (0.651-0.811)0.811 (0.775-0.857)0.775 (0.693-0.843)EQ-5Df descriptive system, median (IQR)

.32.5680.0 (65.5-89.5)83.5 (70.0-90.0)80.0 (70.0-90.0)EQ VASg, median (IQR)

aVAS: visual analog scale.
bIQR: interquartile range.
cKOOS-PS: Knee Injury and Osteoarthritis Outcome Score–Physical Function Short-form.
dSignificant difference (P<.05).
eOKS: Oxford Knee Score.
fEQ-5D: EuroQol-5 Dimensions.
gEQ VAS: EuroQol visual analog scale.

Other Pain Medication Use, Pain Acceptance, and
Experience With Executed Recommended Exercises
In the PainCoach group, there was a statistically significant
14.6% increase in acetaminophen use (95% CI 8.2-21.3; P<.001)
and no statistically significant differences in NSAID use and
gabapentin use when compared with the findings in the control
group during the first 2 weeks at home (Table 3). Overall pain
medication use was below the advised maximum in both groups.
Pain acceptance was 86.5% at rest, 86.5% during activity, and
79.4% at night in the PainCoach group and was 90.4% at rest,
88.6% during activity, and 83.0% at night in the control group,
without statistically significant differences between the two
groups. Regarding experience with executing recommended
exercises, the PainCoach group had statistically significant
33.1% reduced experience with executing exactly enough
exercises when compared with the findings in the control group
(69.7% vs. 77.5%; 95% CI −52.0 to −6.7; P=.02) (Table 3). At
1 month after surgery, no statistically significant differences
were found when comparing both groups (Table 4).

Adjusted analyses comparing the active PainCoach subgroup
with the control group showed statistically significant 21.0%
increased acetaminophen use in the active PainCoach subgroup
(95% CI 12.6-30.0; P<.001) during the first 2 weeks at home.
Additionally, the active PainCoach subgroup had statistically
significant 76.3% decreased gabapentin use when compared
with the findings in the control group (mean 0.1 [SD 0.3] tablets
a day vs. 0.4 [SD 1.0] tablets a day; 95% CI −86.0 to −59.8;
P<.001) (Table 3). In the active PainCoach subgroup, pain

acceptance was 88.4% at rest, 90.9% during activity, and 87.4%
at night. Regarding pain acceptance and experience with
executing recommended exercises, no statistically significant
differences were found between the active PainCoach subgroup
and control group (Table 3). One month after surgery, the mean
KOOS-PS was significantly lower in the active PainCoach
subgroup (33.5 [SD 8.4]) than in the control group (39.6 [SD
9.8]) (P=.048) (Table 4).

PainCoach App Use
Among 28 patients who provided appropriate responses, 25
(89%) reported ease of app use, 22 (79%) found that the app
added value, and 22 (79%) would recommend the app to friends
and family. The PainCoach app was used 12 (IQR 4.5-22.0)
times per patient on 7 (IQR 4.0-9.0) days at home. The number
of patients with at least one entry in the PainCoach app ranged
from 11 (30%) to 26 (70%) per day at home (Multimedia
Appendix 2). The app was most frequently used between 9 and
10 am and mostly for advice on bearable pain.

Discussion

Principal Findings
This study aimed to determine the effects of an eHealth app,
the PainCoach app, on pain control and opiate use in patients
who underwent TKR during the first 2 weeks at home after
surgery. The hypothesis was that the app would decrease pain
and opiate use. As indicated by the main findings, there was no
statistically significant difference in pain scores between the
two groups and opiate use was significantly reduced by 23.2%
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in the PainCoach group when compared with the finding in the
control group. In the active PainCoach subgroup, however, pain
during activity and at night significantly decreased 4.1 and 6.3
times faster, respectively, and opiate use significantly reduced
by 44.3% when compared with the findings in the control group.

Overall, low pain scores and high levels of pain acceptance
were found in this study. Only 21% (8/38) of patients in the
PainCoach group and 30% (10/33) in the control group classified
their pain as severe during one or more days at home. Other
studies have stated that the most painful period after TKR
surgery was the initial period at home, with 23%-30% of patients
rating their average pain as severe [40,41]. Aside from the use
of modern LIA techniques and a step-wise pain management
protocol postoperatively, a possible explanation for the reported
low pain and high acceptance scores in this study could be the
guidance program that was provided to all patients who
underwent TKR in Kliniek ViaSana. As less anxiety is
associated with lower pain scores [14,19], the guidance provided
might have resulted in less anxiety and therefore lower pain
scores. The reported overall low pain scores also probably
explain why no difference in pain scores was found between
the PainCoach group and control group. Although overall pain
scores were low, active use of the PainCoach app resulted in
even lower pain scores during activity and at night when
compared with the findings in the control group. These findings
are in line with the results of a previous study showing that pain
decreased by 0.7 points on a scale from 0 to 10 in patients with
OA after online “pain coping skills” training [29]. Others have
stated that 80% of interactive information is remembered
compared with 20% of auditory information and 40% of read
information [30,42,43]. As the PainCoach app is an interactive
tool, it is logical that active use will result in better use of the
pain management strategies provided and subsequently lower
pain scores.

Opiate addiction caused 74 deaths in the Netherlands in 2016,
and this number is increasing each year [44]. Using the
PainCoach app, opiate use reduced by 23.2%, and active
PainCoach app use resulted in a further reduction (44.3%).
Because of a lack of standardized opiate prescribing protocols
in orthopedic surgery, it is difficult to compare the reported
amount of opiate use in this study with that in other studies. In
one available study, a daily average morphine dose at discharge
of 155 (SD 63) mg was prescribed to patients who underwent
TKR, which would be the equivalent of 11 tablets per day of
the opiate used in this study (oxycodon, 5 mg per tablet) and is
far above the average use of 0.4 opiate tablets per day in this
study [45]. The low preoperative opiate use of patients in this
study might have contributed to the low opiate use after surgery,
as preoperative opiate use is a strong predictor for prolonged

opiate use after TKR [42,46,47]. With lower opiate use,
acetaminophen use was higher, with a 14.6% increase in the
PainCoach group and 21.0% increase in the active PainCoach
subgroup. It can be concluded that because of the advice
provided by the PainCoach app, opiate use was substituted by
acetaminophen use. Opiate use was only advised in the presence
of severe enough reported pain in the app. Therefore, it is
concluded that the app helps to reduce the risk of the adverse
effects of opiate use [48,49].

A shorter hospital stay is associated with a higher burden among
patients, who need to take responsibility for aftercare shortly
after surgery. Recent studies have shown that patients feel
uncertain and left alone after discharge, which could increase
anxiety and affect their pain coping and subsequent management
[50,51]. Patients might need more individualized guidance, and
the PainCoach app was developed to satisfy this need. The app
scored high on usability, likelihood of being recommended to
others, and added value. The results of this study show that the
PainCoach app is a successful pain management tool, and its
active use is recommended for the best effects on pain and opiate
use.

To our knowledge, this is the first randomized controlled trial
to examine the effects of eHealth with regard to controlling pain
and reducing opiate use after TKR. The strengths of this study
are that the actual amount of app use was measured and because
of the unique download codes adopted, it was not possible for
the control group to use the PainCoach app. The shortcomings
are that the additional analysis was underpowered and the
cost-effectiveness of the PainCoach app was not investigated.
Furthermore, as there is no short validated questionnaire in
Dutch for measuring pain acceptance, an expert group decided
to assess pain acceptance using happy and sad smileys as the
best alternative. In the population of this study, opiate use was
already low. The app might have a much stronger effect in
patient populations where preoperative opiate use is much
higher. It is questionable if the PainCoach app is effective in
the overall TKR population, as this study investigated the effects
in patients having ASA I-II and BMI ≤35, which represent
around 80% of the total TKR population [52,53]. Future research
should focus on a larger sample size of the total TKR population,
determination of the cost-effectiveness of the app, and use of
the app in populations that have much higher preoperative opiate
use.

Conclusions
The use of the PainCoach app contributes to reduced opiate use
in the initial period at home after TKR. Active use of this app
leads to further reduction in opiate use and improved pain
control.
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LIA: local infiltration anesthesia
NSAIDs: nonsteroidal anti-inflammatory drugs
TKR: total knee replacement
VAS: visual analog scale
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Abstract

Background: The process of manually recording the consumption of medical materials can be time consuming and prone to
omission owing to its detailed and complicated nature. Implementing an information system will better improve work performance.

Objective: The Information System Success Model was adopted as the theoretical foundation. The opinions of nursing staff
were collected to verify the impact of the system intervention on their work performance.

Methods: This cross-sectional study was conducted at a regional teaching hospital. Nursing staff were invited to participate in
the field survey. A total of 296 questionnaires were collected, and of these, 284 (95.9%) were valid and returned.

Results: The key findings showed that two critical factors (“subjective norm” and “system quality”) had significant positive

effects (both P<.001) on user satisfaction (R2=0.709). The path of “service quality” to “user satisfaction” showed marginal
significance (P=.08) under the 92% CI. Finally, the explanatory power of the model reached 68.9%.

Conclusions: Support from the top management, appointment of a nurse supervisor as the change agent, recruitment of seed
members to establish a pioneer team, and promotion of the system through the influence of opinion leaders in small groups were
critical success factors needed for implementing the system in the case hospital. The target system was proven to be able to
improve work performance, and the time saved could be further used for patient care, thereby increasing the value of nursing
work. The positive experiences gained from this study could lay the foundation for the further promotion of the new system, and
this is for future studies to replicate. The example of the successful experience of the case hospital could also serve as a reference
for other hospitals in developing countries like Taiwan with regard to the promotion of nursing informatization.

(JMIR Mhealth Uhealth 2020;8(3):e16381)   doi:10.2196/16381

KEYWORDS

Information System Success Model; information technology intervention; charging; medical materials; work performance

Introduction

Background
Computers having high performance are utilized in many
industries to increase competitiveness and quality.
Informatization has become one of the critical factors
determining the success of a company. Information technology
(IT) has been heavily introduced in many companies, and the
highly complex medical industry is no exception. The National

Health Insurance (NHI) program implemented in Taiwan in
1995 not only changed the existing medical ecology, but also
affected the development of hospital information systems
(HISs). Owing to the impact of changes in the medical payment
system and the demand for improved medical quality, medical
institutions are facing an enormous challenge. According to the
provisions of the NHI Administration, medical expenses must
be declared electronically. To comply with the health insurance
declaration work, medical institutions had to immediately
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computerize their operations at that time. In the early days of
computerization, the major objective of the HISs established
by medical institutions was to focus on collecting health
insurance declaration data. Owing to the subsequent increased
reliance on IT for daily operations and other demands, such as
compliance with hospital evaluation and improvement of
medical service quality, other relevant functions were gradually
added to the HIS [1]. The NHI system now covers 99.6% of
Taiwan’s population, and it has service contracts with 93% of
the country’s hospitals and clinics [2]. Health insurance
declaration is the hospital’s primary income source, although
the hospital’s primary revenue comes from diagnostic and
treatment services provided by physicians. Therefore, the initial
phase of hospital informatization in Taiwan mainly focused on
outpatient clinics and physicians, and computerization and
informatization for inpatients and nursing care were only
gradually implemented afterwards.

IT and network communications are widely used in various
industries, and the communications as such have led to different
levels of digital divide owing to differences in resource
allocation, learning environments, and even urban-rural gaps
[3]. Research in this field has shown that digital divide among
hospitals mostly arises from different geographical locations
and hospital levels [4]. Meanwhile, female gender and age are
two of the major factors causing digital divide [5]. The study
conducted by Venkatesh et al in 2003 [6] demonstrated that
female gender and age are factors that highly influence user
acceptance of new information systems (ISs). Nursing staff are
mostly female, and they are disadvantaged regarding adaptation
to digital technology because of their low exposure. Thus, they
are more likely to encounter problem-solving difficulties when
working with ISs [7]. The case hospital is located in an
agricultural city in central Taiwan. It is a regional teaching
hospital with approximately 941 beds and is a typical rural
hospital in Taiwan. Compared with other metropolitan hospitals,
the adoption and maturity of IT are comparatively low, and the
information literacy of the nursing staff is relatively inadequate.
The implementation of informatization in the inpatient nursing
department of the case hospital started recently, and prior to
this, most procedures were manually operated. For example,
regarding charging for inpatient medical materials in the past,
the consumption items were manually recorded on charging
sheets by nurses after performing various treatments for patients,
and the sheets were sent to clerks for manual charging and
verification. In addition, nursing work showed several
characteristics, including 24-hour continuity of care, a three-shift
system, and a high patient-to-nurse ratio. In the case hospital,
each nurse needs to take care of 8 to 10 patients in a typical day
shift, 13 to 17 patients in a typical night shift, and 16 to 20
patients in a typical graveyard shift. Additionally, the nursing
staff has a heavy workload, and nursing work is cumbersome.
Thus, manual operations are prone to errors. There are often
many disturbances in the ward. For example, when there is an
emergency involving an inpatient, the nurse must drop the work
at hand and immediately provide emergency care. This results
in sudden interruption of the nursing work at hand. Furthermore,
there are many treatment items to be managed, and the charging
work is cumbersome. With this in mind, these factors may easily
cause charging mistakes (eg, missed records, incorrect records,

etc). Moreover, manual operations lack efficiency, and this
negatively impacts hospital income.

Charging refers to the information included in the record of all
financial transactions. Hence, the analysis and processing of
charges can serve as a reference for decisions made by
managers. To be specific, correct charging can not only reduce
and prevent the risks of using expired medical materials, but
also scrutinize medical shortage. Patient safety can be ensured,
and the hospital costs can be reduced [8,9]. Correct charging
and its analysis can facilitate hospital management and
decision-making processes, as they will enable hospitals to
understand the immediate need or demand for medical materials
in each department, construct performance indicators [10,11],
develop profit models, and plan hospital development policies
[12,13]. Charging is based on the concept of structuralization,
wherein an intervention IS can hopefully improve the efficiency
of procedures and reduce workload. Because of the construct
of structuralization and informatization of charging, numerous
benefits can be introduced in hospitals. It can also simplify the
charging procedure and provide flexibility for the use of the
charging information effectively and efficiently. Work efficiency
will therefore be increased. The same is the case for timely and
accurate transmission of information [14]. Liu et al [15] aimed
to improve the problem of missed charging information by
improving the accuracy of wound care declaration in the
emergency department and lowering the error rate of wound
image data archiving. An app into which image data could be
uploaded was first introduced in the emergency room. The data
were transmitted to the electronic medical record (EMR) system
for automatic archiving. This further solved the problem of
omission of file uploading by emergency nurses owing to their
busy schedule or work interruption. It also helped reduce
declaration errors due to inaccurate archiving. Apart from
reducing the workload of emergency nurses, this approach
increases the accuracy of health insurance declaration for wound
care and reduces revenue loss. As nurses are requested to
provide patients with frontline care 24 hours a day, they are
most familiar with the use and consumption of medical
materials. The introduction of IT in nursing work would enable
nurses to complete their duties more efficiently [16,17].
Moreover, an IS could allow instantaneous, cross-temporal, and
cross-departmental integration of information. This integration
would allow effective cross-departmental communication and
co-ordination to occur. Thereby, the overall operational
performance of the hospital would be enhanced to a great extent
[18].

In view of the high importance of accurate charging and the
potential deficiencies with manual charging in the past, the case
hospital implemented an inpatient charging system to improve
efficiency and effectiveness. However, in the literature, there
is a lack of reports discussing whether ward nurses can really
meet their needs at work with the use of hospital charging
systems. Without effective user feedback for the management,
user work efficiency may be negatively affected, which, in turn,
could affect the performance of the organization. Therefore,
understanding the factors impacting both user satisfaction and
the IS will be of great research value for improving the
effectiveness of IS implementation and management
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performance [19,20]. The purpose of this research was to adopt
the DeLone and McLean 2003 IS Success Model [21]. To that
end, “subjective norm” was incorporated as a variable and “work
performance” was incorporated as a dependent variable to better
look into and understand the factors impacting nurses’
satisfaction with the charging system and their work
performance. Meanwhile, it is hoped that this study will help
to improve the evaluation of the current status of system
implementation in the case hospital, which could serve as a
reference for subsequent system optimization. The same is the
case for other rural and regional hospitals in Taiwan with
backgrounds similar to those of the case hospital and hospitals
located in other developing countries with relevant experience
in relation to the introduction of the IS provided. More
importantly, the results of this study will hopefully make
valuable contributions to the completeness of relevant research
on nursing informatization.

Literature Review

Prior Efforts of Applying the DeLone and McLean
Information System Success Model to Measure Health
Care Information Technology Success
The concept of the IS Success Model is based on an IS theory,
which is established to provide a comprehensive understanding
of IS success by identifying, describing, and explaining the
relationships among the most critical six dimensions of success
through which ISs are commonly evaluated. The IS success
model has been widely cited in thousands of scientific papers,
and this model is considered one of the most influential theories
in contemporary IS research. Initial development of the theory
was proposed by DeLone and McLean in 1992 [22]. From more
than 180 relevant articles published on IS performance, they
deduced the following six dimensions: system quality,
information quality, system use, user satisfaction, individual
impact, and organization impact. Although this model provided
the key factors for consideration in academia with regard to IS
success, some subsequent scholars, such as Seddon and Kiew
[23], Seddon [20], and Pitt et al [24] raised some questions and
proposals. In response to this, Pitt et al [24] pointed out that the
model was too product oriented and that IT departments provide
not only products but also services. Seddon [20] believed that
the causal relationship of the model could rather confuse
researchers. Therefore, DeLone and McLean [21] further refined
the model a decade later in response to feedback received from
other scholars working in the IS discipline [21,22]. The revised
IS Success Model first included “services quality,” and “use”
was appropriately modified to “intention to use,” with an
explanation that “intention to use” was an attitude, whereas
“use” was a behavior. Meanwhile, “use” and “user satisfaction”
were posited to be interrelated, that is, “use” would lead to “user
satisfaction,” whereas “user satisfaction” would indirectly affect
“use” through “intention to use.” In doing so, a causal
bidirectional relationship between “use” and “user satisfaction”
existed. Finally, to adapt to the e-commerce environment, “net
benefit” was used to indicate whether the overall result of using
the IS was positive or negative. Collectively, the core of the IS
Success Model is to enhance user perception regarding
functional aspects, information processing and output, and

service quality of the system through three major quality
dimensions in order to strengthen the intention to use and
satisfaction of the system, thereby promoting work performance
(eg, improve work effectiveness, reduce errors, save time, etc).
Specifically, “system quality” refers to the completeness of the
system itself, and the indicators measured include response
time, functional utility, ease of operation, compliance with users’
needs, flexibility, accuracy, reliability, accessibility, and system
integration [21,25]. “Information quality” is related with the
quality of output information from the system, and the indicators
measured include validity of information, preciseness,
immediacy, completeness, relevance, and ease of understanding
[21,22,25,26]. Service quality is derived from the well-known
SERVQUAL scale [27], and the indicators measured include
the components of tangibility, reliability, responsiveness,
assurance, and empathy. High quality of service provided by
the staff or suppliers is also suggestive of the capability and
good intention of the service providers [28]. Pitt et al [24]
revised the SERVQUAL scale to measure user perception and
evaluation regarding the assistance or service provided by IT
departments or system suppliers. Scholars deeply believe that
IT departments or system suppliers should not only build and
maintain ISs, but also provide services, such as problem solving,
education, and training resources, to users [21,29]. User
satisfaction is defined as the evaluation of a user’s response
after using the output information, and it is an important
indicator for measuring IS effectiveness. The indicators
measured include system interface satisfaction, software
satisfaction, information satisfaction, decision-making
satisfaction, and overall satisfaction of the system [21,30].

A review on health care information technology (HIT)–related
research has shown that scholars mainly use the IS Success
Model as a theoretical foundation to understand the impact of
HIT on user behavior, and they have achieved good explanatory
power [31-34]. Hwang et al [29] explored the factors considered
by physicians regarding the use of EMRs from the benefit
perspective. Bossen et al [32] adopted the IS Success Model to
evaluate the outcomes of implementing an electronic health
record (EHR), which involves conducting a survey among
physicians and nursing staff. They found that implementing an
EHR enabled hospital staff to grasp patients’ conditions in a
timely manner. Hsieh and Su [33] extended the IS Success
Model and explored the key success factors of EMRs (impacts
of implementation of EMRs from the perspective of medical
and health information managers by combining an updated
version of the DeLone and McLean IS Success Model [21]).
Both Huang et al [35] and Chang and Lin [34] modified the IS
Success Model to best explore the impact of introducing an IS
to the shift system on the performance and satisfaction of
nursing staff.

Furthermore, in the IS discipline, “user satisfaction” and “system
usage or use” are the most commonly used key factors to
measure the effectiveness of system implementation [21,22].
Ives et al [19] suggested that the measurement of “use” can only
serve as a surrogate indicator for system success under specific
conditions. The authors defined user satisfaction as the relative
value of the IS perceived by users, which was the sum of user
perceptions of different aspects of the IS, the evaluation

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e16381 | p.134http://mhealth.jmir.org/2020/3/e16381/
(page number not for citation purposes)

Liao & LinJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


responses, and the attitude toward the IS [19]. Seddon and Kiew
[23] defined user satisfaction as either the pleasant feeling or
unpleasant feeling after using the IS. DeLone and McLean [21]
pointed out that the relationship between “use” and
“performance” was not significant if the users adopted the
system in “compulsory” or “involuntary” situations. Under
specific circumstances when users were requested to use the
system (a common situation was requests by managers to use
or comply with the implementation of the informatization
policy), “use” was not a suitable surrogate indicator of IS
success. In such cases, “user satisfaction” is more suitable than
“use” as a surrogate indicator for measuring system
effectiveness.

Previous research in the field of HIT often treated “user
satisfaction” as a key factor in the success of IS implementation
[33,34,36,37]. In the present situation, the inpatient charging
system was the hospital’s policy to promote informatization of
wards and nursing care, and ward nurses were forced to use the
inpatient charging system. Therefore, the “use” dimension was
discarded, whereas the “user satisfaction” dimension was
retained as an intermediary variable.

Work performance refers to all behaviors or actions related to
organization goals, and the behaviors or actions can be measured
according to individual proficiency and the different levels of
contribution to the organization goals. It is believed that work
performance should cover efficiency, effectiveness, and
productivity [38]. Kast and Rosenzweig [39] believed that
performance should include the efficiency, effectiveness, and
participation satisfaction of the employees within an
organization. Huang et al [35] explored the impact of
introducing an IS to the shift system on nursing work
performance and satisfaction. Work performance was defined
as “the contribution of individual effort by nurses to the
organization’s missions and the interactions with other members
within a certain period of time that met the organization’s
expectation; the quantity of work completed; and the value and
quality of work contribution.” Their research findings showed
that the satisfaction obtained by nursing staff from using the IS
shift system improved work performance to some extent. This
part of the results is in line with the findings of the study by
Chang and Lin [34]. According to the aforementioned literature,
this study used “work performance” as a dependent variable to
replace the “net benefit” dimension. The aim of this study was
to explore the impact of the introduction of the new inpatient
charging system on the performance and satisfaction of nursing
staff.

Social Norm and Prior Health Care Information
Technology–Related Research
Fishbein and Ajzen [40] defined “subjective norm” as the
concept of how an individual experiences the perceptions of
others important to him or her. For instance, whether they think
that the individual should perform a particular action. Hence,
subjective norms (social influence factors) are considered a
direct determinant of behavioral intention. Ajzen [41] mentioned
that subjective norms are the perceived expectations from others
that influence a user to have a particular behavior. Subjective
norms refer to the rules, regulations, or instructions designed

by society on which one should act. For any specific behavior,
society has set or designed norms on how to perform that
behavior. Subjective norms refer to the kinds of norms an
individual follows owing to social pressure. Many previous IS
studies have confirmed that a stronger perception of subjective
norms affects users’ behavior when using a new system. Thus,
subjective norms are considered important factors affecting
users’ acceptance or rejection of a new system [42-45].
Garcia-Smith and Effken [46] proposed the Clinical IS Success
Model by integrating the Technology Acceptance Model with
the IS Success Model. Specifically, social influence was also
incorporated into the model to investigate the key factors for
successful IS implementation through the evaluation of
multidimensional factors. Their study has become a reference
model for evaluating the success of IS implementation during
the introduction of nursing informatization.

The medical industry has a high degree of industry specificity.
Medical service is characterized by the irreversibility of life.
The nature of innovation is uncertain, and the consequences of
adopting innovations are often difficult to predict. For these
reasons, medical personnel tend to respond to the introduction
of innovations with more conservative strategies, such as
observing and learning from others’ experiences and opinions.
They tend to reduce uncertainty about innovation through
information from peers and the related social system. The study
by Kuo et al [47] showed that the pressure caused by subjective
norms, together with incentive measures, effectively motivated
physicians to comply with the promotion of the EMR system.
Further investigations revealed that the support and execution
abilities of senior managerial staff were the keys to promote
EMRs in hospitals. The utilization of influence from managers
and peers facilitated the launch of the new IS and improved
work performance. Huang et al [48] also pointed out that the
attitudes of public health care workers toward the use of public
health ISs were greatly affected by subjective norms (including
peers and superiors). With regard to patient care, members of
the care team provide patients with continuous, accurate, and
complete care services by collaborating with each other.
Together, the care team solves the patients’problems and assists
with their recovery. As a result, care services are inherently
highly mission-dependent. The education and professional
characteristics of nursing staff are related to performing nursing
work by following physicians’ orders and respecting norms,
such as clinical guidelines. Nursing staff members are more
compliant than other medical staff, and they will consider the
opinions given by important people around them (eg, supervisors
and peers) or important communities and members when
performing nursing work. In addition, at the beginning of the
introduction of the inpatient charging system in the case hospital,
the head nurse at each nursing station assigned nurses with
higher information literacy as seeds and set up special mission
teams to assist the promotion of informatization of the charging
system. Based on the above factors, this study also incorporated
social norms into the research framework. Together with three
quality dimensions, this study utilized multidimensional factors
to discuss the satisfaction of ward nurses with the hospital
charging system and its impact on work performance.
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In summary, the introduction of a nursing-related IS could
increase the work efficiency of nurses and thus promote patient
safety [49-51]. This study validated the construct, with the aim
of providing a more efficient working environment for nurses
along with the additional safety and security needed for patients.

Methods

Ethical Approval
This study was approved by the Human Research Ethics
Committee, National Taiwan University Hospital Yunlin Branch
(Institutional/Independent Review Board number:
NTUH1063703472).

Target System Implementation and Operation
The hospital where the study was conducted mainly co-operated
with different departmental teams from the IT and nursing
departments to introduce the new inpatient charging system
designated to improve the way of charging for the use of medical
materials. This innovation was to replace the manual procedure.
After the introduction of the new system, the huge difference
observed was that the procedures needed to charge for care
services were simplified to a greater extent. All that the nurses
had to do was to check the items shown on the interface by
clicking on them. In doing so, the money charged for the use
of medical materials was automatically transmitted to the
charging system, and because of this, clerks, instead of nurses,
were mainly held accountable for the cumbersome and tedious
tasks related to managing accounting details and financial
statements.

Research Model and Hypotheses
This is a cross-sectional study targeting a regional teaching
hospital, which has adopted the e-hospital paperless policy and
has implemented the charging system (as the target system
mentioned below) for charging medical materials in the inpatient
department. Six variables and five hypotheses (Textbox 1) were
proposed in our model (Figure 1), including subjective norm,
system quality, service quality, information quality, user
satisfaction, and work performance. Our hypothetical model
was empirically tested using data collected from a field survey.
Regarding data collection, convenience sampling was used.
Nursing staff who had used the system for at least 6 months or
longer were invited to participate in the field survey. Participants
who agreed to participate in this study filled out a self-reported
questionnaire anonymously to protect their privacy. Thirty-nine
items were generated according to our literature review. A
5-point Likert scale from 1 (strongly disagree) to 5 (strongly
agree) was adopted in this study. The instrument (Multimedia
Appendix 1) was reviewed and approved by two medical and
nursing informatics scholars, three management IS scholars,
and two nursing department managers. The experts all have
more than 10 years of working experience. The items were
finalized after modification according to expert suggestions.
The scale’s content validity was confirmed by professionals
from the academic and industrial fields. A total of 296
questionnaires were administered, and of these, 284 were
returned, resulting in a valid questionnaire return rate of 95.9%.

Textbox 1. The research hypotheses of this study.

H1: Subjective norm predicts nursing staff satisfaction with the target system.

H2: System quality predicts nursing staff satisfaction with the target system.

H3: Service quality predicts nursing staff satisfaction with the target system.

H4: Information quality predicts nursing staff satisfaction with the target system.

H5: The extent to which the work performance of nursing staff improves can be predicted through user satisfaction with the target system.

Figure 1. The hypothesized target system success model.
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Data Analysis
Descriptive analysis and analysis of variance (ANOVA) were
performed using IBM SPSS Statistics 20.0 (IBM Corp, Armonk,
New York, USA) to enhance our understanding of the sample
characteristics. Structural equation modeling was conducted
using partial least squares path modeling in the software package
Smart PLS version 3.0 (Smart PLS GmbH, Bönningstedt,
Germany). Two items with loading lower than the recommended
value were iteratively deleted from the model. The path
coefficients for the trimmed model were therefore calculated
and tested.

The reliability and validity of the measurement model were
assessed by its psychometric properties. The psychometric
properties of the model were assessed according to internal
consistency and convergent and discriminant validity. For
reflective indicators, internal consistency was measured
according to composite reliability and Cronbach alpha [36],
with a recommended acceptable value of 0.70 [37]. Convergent
validity was measured according to the average variance
extracted (AVE), and it was considered adequate when the AVE
of each construct reached 0.50 [39]. Discriminant validity was
considered the extent to which a variable is truly distinct from
other variables [36]. It was considered acceptable when the
square root of the AVE of each construct exceeded the
correlation coefficient between the specific construct and others
in the model. Discriminant validity was verified by factor
loading and cross loading. The loading of an indicator on its
assigned variable should be greater than its cross loading on all
other variables. Moreover, a structural model is considered to
include unobservable latent variables and the theoretical
relationships among them [39]. It also suggests how well the

theoretical model predicts the hypothesized paths or
relationships.

Results

Samples
A total of 284 samples were selected, and they consisted of 29
seed members and 255 nonseed members. The analyses were
performed as shown below.

Characteristics of the Participating Nursing Staff
The characteristics of the participating nursing staff are
presented in Table 1. We found that the majority of the
participants had university degrees (220/284, 77.5%), followed
by associate degrees (54/284, 19.0%) and graduate degrees
(10/284, 3.5%). In terms of age, the majority of the participants
were between 21 and 35 years (241/284, 84.9%), followed by
between 36 and 40 years (29/284, 10.2%) and between 41 and
50 years (11/284, 3.9%). With regard to nurse competency
advancement, the majority of the participants (113/284, 39.8%)
were at the N2 level. In terms of seniority, the majority of the
participants (171/284, 60.2%) had less than 6 years of job
experience. Among the 284 participants, 29 (10.2%) were
serving as seed members, who would be promoting and assisting
each unit to launch the target system. Similar to the national
data [52] in Taiwan, 95.4% (271/284) of the survey respondents
were female. Additionally, 85.6% (243/284) of the nursing staff
members were under 36 years of age, 14.1% (40/284) were
between 36 and 50 years of age, and only 0.4% (1/284) were
over 60 years of age. Overall, our sample characteristics are
similar to those of the population of nursing staff members
across Taiwan.
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Table 1. Characteristics of the participating nursing staff (n=284).

Value, n (%)Variable

Gender

13 (4.6%)Male

271 (95.4%)Female

Job title

21 (7.4%)Nurse practitioner

251 (88.4%)Nurse

12 (4.2%)Head nurse

Education

54 (19.0%)Associate degree

220 (77.5%)University degree

10 (3.5%)Graduate degree

Seniority, years of experience

85 (29.9%)≤2

86 (30.3%)3-5

57 (20.1%)6-10

56 (19.7%)≥11

Age, years

2 (0.7%)≤20

112 (39.4%)21-25

75 (26.4%)26-30

54 (19.0%)31-35

29 (10.2%)36-40

5 (1.8%)41-45

6 (2.1%)46-50

0 (0.0%)51-60

1 (0.4%)≥61

Nurse competency advancement

24 (8.5%)N

82 (28.9%)N1

113 (39.8%)N2

46 (16.2%)N3

19 (6.7%)N4

Seed members or not

29 (10.2%)Seed members

255 (89.8%)Nonseed members

Analysis of Variance
In order to enhance our understanding of the sample
characteristics, variance analysis was performed by carrying
out one-way ANOVA on “nurse competency advancement”
(five levels), “seniority” (four intervals), and “whether users
served as seed members for promoting nursing informatization”
for the six research variables. The results indicated that there

were insignificant differences for “nurse competency
advancement” (P=.84 for “nurse competency advancement” to
“user satisfaction” and P=.96 for “nurse competency
advancement” to “work performance”) and “seniority” (P=.79
for “seniority” to “user satisfaction” and P=.84 for “seniority”
to “work performance”).

However, regarding “whether users served as seed members
for promoting nursing informatization,” significant differences
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were found for all variables (P=.02) (Table 2). Further
examination revealed that seed members had higher scores for
the averages of the six variables as compared with nonseed
members (Table 2). Seed members also evaluated the target

system more favorably, showing higher scores in information
quality, service quality, system quality, user satisfaction, and
working performance.

Table 2. Results of analysis of variance and average scores according to whether users served as seed members for promoting nursing informatization.

Score, mean (SD)P valueF valueVariable

Nonseed members (n=255)Seed members (n=29)

3.9 (0.6)4.3 (0.5).0029.876Subjective norm

3.9 (0.6)4.2 (0.6).0039.263System quality

3.7 (0.6)4.2 (0.6)<.00112.949Service quality

3.9 (0.6)4.3 (0.5).00112.319Information quality

3.9 (0.6)4.2 (0.5).0029.418User satisfaction

3.8 (0.6)4.1 (0.5).00110.980Work performance

Measurement Model Testing: Reliability and Validity
of the Questionnaire
In terms of convergence validity and reliability, the
factor-loading values of the dimensions were all greater than
0.6 (Table 3), the AVE values were all observed to be greater
than 0.5 (Table 3), and the composite reliability and Cronbach
α were all greater than .7, indicating good convergence validity
and internal consistency overall. In addition, the Fornell-Larcker
criterion of interconstruct correlations and cross-loading were
used to confirm discriminant validity (Table 3). The diagonal
shown in Table 3 was the square root of the AVE, and its
minimum value (0.824) was higher than that of any other
correlation coefficient in terms of all the other constructs

involved in the test, except for user satisfaction to work
performance (0.830). The results of the cross-loading analysis
indicated that the scale had acceptable discriminant validity.

According to the ANOVA results, there were significant
differences between users who were seed members (n=29) and
those who were nonseed members (n=255). The data analyses
were performed without the seed members (n=255) and with
the seed members (total n=284) separately. This was to further
explore whether other related possible outcomes were shown
owing to the scale properties, research model, and hypotheses.
However, the results indicated high similarity between these
two groups. Therefore, we present the analysis results of the
nonseed members (n=255).

Table 3. Scale properties (n=255).

Interconstruct correlationsCronbach αCRbAVEaVariable

SAThSYSQgSNfSEQePFdIQc

0.913.9000.9380.834IQ

0.8530.676.9460.9550.727PF

0.9200.6130.545.9640.9710.847SEQ

0.9400.4940.7820.677.9350.9580.884SN

0.8240.6840.5530.7450.823.9400.9500.678SYSQ

0.9780.7650.7730.5390.830.683.9770.9850.957SAT

aAVE: average variance extracted.
bCR: composite reliability.
cIQ: information quality.
dPF: work performance.
eSEQ: service quality.
fSN: subjective norm.
gSYSQ: system quality.
hSAT: user satisfaction.

Path Analysis
The results of the path analysis indicated that three suggested
research hypotheses (H1, H2, and H5) reached statistical
significance (P<.001).

One path showed marginal significance (P=.08) for H3 under
the 92% CI. The path from information quality to user
satisfaction (H4) did not reach statistical significance (P=.87).
The path coefficients were 0.455 (P<.001) for subjective norm
to user satisfaction, 0.422 for system quality to user satisfaction,
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0.094 for service quality to user satisfaction, and 0.830 for user
satisfaction to work performance (Figure 2). The overall

explanatory power of the model reached 68.9%.

Figure 2. Results of the research model and hypothesis validation.

Discussion

Principal Findings
The demographic information of the participants showed that
there was a high proportion of female users (271/284, 95.4%)
and that the majority of the participants were between 21 and
40 years of age (270/284, 95.1%). The real-world national data
on the nursing population also show that most nurses are
between 21 and 40 years of age (114,269/172,897, 66.1%) [52].
The threshold age for marriage is generally estimated to be
around 40 years, because this is a suitable age for nurses to start
a family. In doing so, they may choose to switch or change their
own career or leave the current job owing to the need for child
care after marriage or the inability to take turns working in shifts
after parental leave. Furthermore, nursing work has the
characteristics of work shifts, a three-shift system, and a high
patient-to-nurse ratio. Thus, the work is physically challenging
for most nursing staff as they grow older. For these
aforementioned reasons, the majority of them are between 21
and 40 years of age, and the number of nurses aged over 41
years is gradually decreasing, as age is considered a great
challenge if they continue to work as practice nurses.

According to the variance analysis, the nursing staff involved
in this study showed relevant differences in their perceptions
and evaluations of the target system in terms of all the research
variables. Those nurses serving as seed members showed a
significantly higher average score as compared with that for
nonseed members (Table 2).

We believe that this was related to the fact that nurses who
served as seed members were more familiar with the system
than those who did not serve as seed members. Seed members
were highly involved in the development, discussion, and
promotion of the new charging system. With the experience of
introducing the new IT charging system, seed members were
more likely to facilitate the development of this new system.
Their successful experiences could also be considered for

replication in further studies regarding the introduction of a new
IT system in another medical organization in the future.

The results obtained from the model validation indicated that
both the subjective norm and system quality had a significant

positive impact on user satisfaction (R2=0.709, P<.001), and
thus, these two major factors played decisive roles in the
implementation of the target system. Meanwhile, this also
demonstrated a positive influence on performance through user

satisfaction (R2=0.689). These results indicate that when a new
system is introduced, the positive influence of opinion leaders
and the enhancement of users’ awareness and perception of the
functional aspect of the system in the initial phase will provide
users a chance to perceive the benefits of the new system
intervention for their work. This will help increase user
satisfaction, which will, in turn, make users more willing to use
the system, leading to good work performance. Although the
path of service quality to satisfaction exhibited marginal
significance (92% CI) and the path coefficient was only 0.094,
previous research has already demonstrated the importance of
service quality. Therefore, the benefits of improving service
quality for the improvement of user satisfaction should not be
neglected, as they will, in turn, have positive effects on users’
work performance.

In the case hospital, a chief nursing supervisor was assigned as
the change agent when nursing informatization was promoted.
In addition to promoting the new system, the change agent also
served as a window for communication between the case
hospital and the nursing informatization promotion team, as
well as the IT department of the headquarter hospital. This
dedicated agent also set up a pioneer team by recruiting
colleagues with higher information literacy and personalities
that were related to being more accepting of changes at each
nursing station as seed members. Seed members were the first
to receive education and training to familiarize themselves with
the system operation. A total of 29 seed members provided
successive assistance to promote the new system and remove
barriers to system usage for colleagues within the unit. As the
case hospital was located in a rural area and more than 95.4%

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e16381 | p.140http://mhealth.jmir.org/2020/3/e16381/
(page number not for citation purposes)

Liao & LinJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


of the nurses were female, the information capability was
relatively weak. This was in line with the study conducted by
Lin and Lee [7], who pointed out that when most nursing staff
are female, there could be a disadvantage with regard to
adaptation to digital technology owing to their limited exposure.
Thus, it is highly likely that they would face problem-solving
challenges when using an IS. Therefore, the case hospital
allocated the 29 seed members to various nursing stations to
not only guide end users on system operation but also provide
immediate assistance to remove barriers when possible.
Meanwhile, the case hospital had set up a LINE group chat for
communication and interaction. The headquarter IT staff, nurse
informaticists, senior management of the case hospital, and all
users were invited to join the LINE group chat. All users could
voice problems and respond to problems in real time through
the LINE group. The attention and support of senior
management, appointment of the nurse supervisor as the change
agent, establishment of a pioneer team, and effective assistance
by seed members who were familiar with the system functions
and operations to promote the system enabled users to clearly
experience the benefits of the system. These measures
effectively improved user satisfaction with the new system, and
this outcome corroborated the results from the aforementioned
data analysis. For the marginal significance of the path of service
quality to user satisfaction, the following reasons are proposed.
The new system was mainly developed by the headquarter
hospital and was appropriately modified and sequentially
introduced in response to the needs of individual hospital units.
The IT department in the case hospital had only hardware
engineers and no software engineers. All system requirements
were collected separately by the chief supervisor, who sent the
collected data to the headquarter hospital for modifications.
After the system had launched, the chief supervisor was also
responsible for collecting opinions and providing feedback to
the IT department of the headquarter hospital for further
modification. The inability of the IT department to immediately
and effectively process users’ opinions and the poor timeliness
were the possible reasons why users were unable to form
positive perceptions for the immediacy and sufficiency of the
assistance and support provided by the IT department.
Furthermore, the service quality dimension primarily explored
the immediacy, adequacy, and appropriateness of the service,
support, and assistance provided by the IT department to the
users. This included the completeness of software and hardware
resources. However, in the initial phase of system launch, the
end users continued to use old computers, which had poor
hardware performance. Together with insufficient wireless
hotspots, the connection and usage of the system were restricted.
We believe that the above reasons may further explain the poor
perception of service quality by end users and the marginal
significance between service quality and satisfaction.

Furthermore, for information quality and satisfaction not
reaching the significance level, we noted and offered the
following explanations. Prior to the launch of the new system,
the nursing staff performed their tasks at the bedside while
ideally manually recording the medical materials consumed.
The records were then sent to the clerk, who made each entry
individually in the old inpatient charging system for approval.
The charging process was highly task-dependent. The principle

of the new system design was to provide support for nurses to
perform professional work and reduce their workload. The
charging work was divided into two parts. The first part mainly
involves clicking the consumption items, and the second part
mainly involves the automatic system that functions as the
mechanism through which the amount of money being paid is
shown for subsequent verification and approval. After the new
system was launched, the nurses only had to click on the
consumed medical materials on the interface to complete the
frontend work of charging. Frontline nurses were only able to
see the different types of medical materials shown on the
interface. On the interface, the amount of medical materials
consumed was not shown to the nurses, and thus, they did not
need to worry about the calculation of the chargeable amount
and the subsequent approval work. Thus, they could not form
a perception about the actual calculation of charges. Further
processing of the charges and the information output were only
managed by clerks. The information quality dimension was
mainly used to determine whether the format, immediacy, and
accuracy of the processed information presented by the system
could satisfy or meet users’ needs or whether the users noticed
the changes in these aspects in the new system. In fact, ward
clerks were the ones who could most directly perceive the
changes in information quality before and after the launch of
the new charging system for inpatient medical materials.
However, the participants in this study were limited to frontline
nurses, and ward clerks were not included. We believe that the
above reasons may explain the lack of perception about
information quality by nurses, which led to the failure of
attaining significance for this path.

A deeper understanding of the factors affecting user satisfaction
with the IS will have both research and practical values to
improve the effectiveness of IS implementation and management
performance. Our study utilized the DeLone and McLean 2003
IS Success Model. “Subjective norm” was chosen as a variable,
and “work performance” was chosen as a dependent variable.
This was done to understand the factors impacting the ward
nurses’ satisfaction with the hospital charging system and their
work performance. The model of this study was simple, and the
overall explanatory power was 68.9%. This also indicated the
feasibility of using the IS Success Model to analyze the
effectiveness of a medical-related IS. Additionally, this theory
could be widely applied to other areas of studies and so provide
a concrete picture of other related research. Furthermore, the
current status of system implementation was evaluated through
the use of research tools, which allowed the staff in managerial
positions to have a better understanding of the main reasons
why the lack of significant perceptions about service quality
involving the IT department was mainly due to poor hardware
performance, insufficient wireless hotspots, and inability to
resolve user needs or problems in a timely manner. Therefore,
according to the results, the initial steps in the subsequent phase
of system promotion are to increase the budget for IT, replace
old equipment, and expand wireless hotspots to solve the current
urgent problems. Thereafter, users should be provided with
better service quality, and the accessibility and availability of
the system should be improved. This will increase user
satisfaction with the system and thus enhance work support for
better work performance. With these factors in mind, the data
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presented in this study contribute to both practical and research
settings.

Limitations
To explore nursing staff members’evaluation of the new system
and to verify the work performance, this study applied the IS
Success Model as a theoretical foundation. However, as with
all studies of this magnitude, there were several research
limitations, although this case study revealed useful and reliable
findings. First, other potential factors were not included.
Furthermore, this study was conducted in a case hospital with
ward nurses as research participants. The selection of the
participants might limit the generalization of the results of this
research. Moreover, the case hospital implemented the charging
system to replace the existing manual charging procedure
performed by nurses. By informatizing the charging system,
the charging procedures could be simplified so that nurses are
able to record the treatments accurately and perform automatic
charging. The conclusions to be drawn are that enhancing system
quality, information quality, and service quality could lead to
improvements in users’ satisfaction and work performance.

Recommendations
The introduction of the charging system will require not only
user-friendly software but also sufficient IT equipment and a
stable wireless connection to be established. In this way, the
benefits introduced by using the charging system will be
maximized.

Conclusions
Nursing care is known for its heavy workload. Implementation
of the new IT charging system can alleviate nurses’ heavy
workload and improve their work efficiency. However,
introducing a new system can be a large change to the entire
hospital. It may help to break the old habit of using a
paper-based approach, which is most familiar to senior hospital
staff and administrators. Senior staff and administrators may
be strongly suggested to learn how to use various
computer-based operations. In other words, implementing the
new IT charging system needs the support and encouragement
of hospital directors and staff in high managerial positions. The
seed members of the new IT charging system will need to
pioneer this concept and share their positive experiences about
using the new charging system with other hospital units and
associates. Thus, smooth and successful promotion of the new
IT charging system will be achieved. When the proposed
computerized charging system is successfully operated, other
medical organizations will be inspired to adopt the same system
soon. Thereafter, a nation-wide cloud-based health recording
system could possibly be established and operated in the near
future. The continuous replication and spread of positive
experiences as such encourage and pave the way for the further
promotion of the new system in the future. The successful
experiences of the case hospital could serve as a reference for
other hospitals in developing countries like Taiwan to promote
medical and nursing informatization.
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Abstract

Background: Health care provider usage of mobile devices is increasing globally; however, there is little understanding of
patient perceptions on this behavior in a health care setting.

Objective: The aim of this study was to assess patients’ attitudes toward mobile device usage by health care providers in the
emergency department and to identify predictors of these attitudes.

Methods: The study was carried out at the emergency department of a large academic tertiary care medical center in Lebanon.
A cross-sectional survey design was adopted by administering a questionnaire to medically stable adult patients who presented
to the emergency department with an emergency severity index of 3, 4, or 5 between January 2017 and March 2018. The
questionnaire collected relevant patient demographic information and included questions related to their mobile device usage
along with those evaluating attitudes for the use of mobile devices by health care providers with respect to six major domains:
role in health care, distraction potential, impact on communication, empathy, privacy, and professionalism. The attitude toward
mobile device usage by health care providers in the emergency department was the main outcome variable. A stepwise logistic
regression model was used to assess the association between the outcome variable and the demographic and attitude-related
independent variables.

Results: Among the 438 eligible patients, 338 patients responded to the questionnaire for a response rate of 70.0%. Overall,
313/338 (92.6%) respondents agreed that mobile devices improve health care delivery, whereas 132/338 (39.1%) respondents
were opposed to their usage by health care providers in the emergency department (95% CI: 34.0-44.4). The majority (240/338,
71.0%) of patients agreed that mobile devices are a source of distraction to health care providers in the workplace. Females (odds
ratio [OR]=1.67, 95% CI: 1.00-2.78) as well as all patients (OR=2.54, 95% CI 1.36-4.76) who believed that mobile devices were
a source of distraction, reflecting a lack of professionalism (OR=2.77, 95% CI 1.59-4.82) and impacting the provider’s ability to
relate to the patient (OR=2.93, 95% CI 1.72-4.99), were more likely to agree that mobile devices should not be used in the
emergency department.

Conclusions: Patients’ negative attitude toward mobile device use in the emergency department is largely driven by patient
gender (females), patient perception of the distraction potential of the devices, and their negative impact on the health care
provider’s empathy and professionalism. The findings of this study shed light on the importance of encouraging stakeholders to
impose a digital professionalism code of conduct for providers working in acute health care settings.

(JMIR Mhealth Uhealth 2020;8(3):e16917)   doi:10.2196/16917
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Introduction

The penetration and usage of mobile devices is increasing
globally, with growing penetration into the health care sector.
A previous survey indicated that 87% of health care providers
report using some form of portable network-enabled electronic
device such as smartphones in the workplace, paralleling the
rapid growth in health care apps, which is now the third
fastest–growing app category on the market [1]. Mobile devices
are generally considered to be of value to patients and providers
in the form of speed of information transmission, clinical
decision making, and accessibility [1,2]; however, little is known
about patient perceptions of health care providers’ usage of
mobile devices in a health care setting.

Physicians, both senior and those in training, regularly use
mobile devices to access medical apps (eg, drug guides, medical
calculators), capture work-related images, respond to bleeps,
communicate with their teams, and request diagnostics, among
other uses [2-5]. In addition, mobile devices increase provider
accessibility, improve communication, and help promote
collegiality among the health care delivery team [6]. The usage
of mobile devices in health care settings is not a passing trend
but rather a practice that is now highly integrated into the work
culture, which is likely to expand and grow in the future [7].

Despite these advantages, there are concerns about the regular
use of mobile devices in health care settings, including the
potential of jeopardizing the privacy of patient information,
interfering with patient devices (eg, electromagnetic resonance),
as well as cross-contaminating patient care areas [8,9].
Furthermore, there is a potential impact of such distraction on
clinical care, especially in high-risk areas such as the emergency
department characterized by a high cognitive load and regular
interruptions. Such distraction potential has serious safety
implications, including the risk that physicians and residents
will miss vital patient information [8,10]. In fact, approximately
41% of health care providers at the American University of
Beirut Medical Center (Beirut, Lebanon) reported distraction
by nonwork-related use of mobile devices [11]. There is a
growing body of literature on the safety implications of the
usage of mobile devices and the so-called “inattentional
blindness” associated with their use. However, few studies have
directly investigated patient perceptions of their providers’usage
of mobile devices in health care settings or the impact of such
use on the physician-patient relationship.

Studies that have examined the effect of mobile device usage
on interpersonal relations showed that the presence of mobile
devices in a social setting negatively affects the quality of
conversations, extent of satisfaction with a social encounter, as
well as the level of empathy and connection [12-14]. Several
studies have explored patient attitudes toward health technology
and their impact on the patient-provider relationship. However,
these studies have been limited to the use of computers in the
consultation room [15-17], tablets in the examination room and

telerounding [18,19], mobile phone images in wound care
[20-22], personal digital assistants in emergency departments
[23], and personalized smart bedside stations in an inpatient
setting [24]. In general, most patients did not express a negative
attitude toward their physicians’ use of such technology
[18,23,25] and did not feel that their interaction with their care
provider was less personal due to the use of the technology
[16,18].

However, these findings cannot be extrapolated to the usage of
mobile devices for several reasons, including the mobility of
such devices, their strong distracting potential, association with
the users’ wider social network even when not actively being
used, and accumulating evidence on their negative impact on
empathy and quality of interactions. Focused assessments of
patient attitudes toward their health care providers’use of mobile
devices in health care settings is of importance [12-14],
especially in the context of the emergency department. This is
because the nature of work in the emergency department poses
specific challenges for both safety and relationship building,
which is characterized by high volumes, short interactions, and
frequent interruptions [26-28]. Therefore, understanding patient
perspectives in this setting can guide policy and practice
recommendations that will help address patient concerns and
preserve the patient-provider relationship as mobile device
adoption in health care continues to rise.

Accordingly, the aim of this study was to assess patients’
attitudes toward the usage of mobile devices by health care
providers in the emergency department. Moreover, we
statistically explored the predictors of these attitudes, including
demographic characteristics as well as perceptions of the role
in health care, distraction potential, impact on communication,
empathy, privacy, and professionalism.

Methods

Study Design and Setting
The study was conducted at the emergency department of an
academic tertiary-care medical center in Lebanon (American
University of Beirut Medical Center, Beirut, Lebanon). The
annual census of 2016 showed that the emergency department
received 55,000 patient visits, with 70% of patients presenting
on weekdays and the remaining presenting on weekends. Trained
nurses triage patients based on the emergency severity index
(ESI) and age. ESI is a 5-level index used in emergency
departments to rate a patient’s acuity from level 1 (most urgent)
to level 5 (least urgent) based on an estimation of resources
required [29].

Desktop computers are available at the nursing station for
electronic-based ordering of labs and diagnostics. Otherwise,
all other documentation, including nursing and medication
orders, are paper-based. There are no workstations on wheels
and no tablets integrated into any of the documentation or
ordering workflows. All of the health care providers in this
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emergency department report bringing a mobile device to work,
with 83 out of 97 respondents (86%) reporting use of a mobile
device for medical purposes [11].

A cross-sectional survey was administered to adult patients
presenting to the emergency department. Data collection was
carried out between January 2017 and March 2018. Ethical
approval was obtained from the Institutional Review Board of
the American University of Beirut that the medical center is
affiliated with (protocol number ED.EH.06).

Recruitment of Participants
The eligibility criteria were patients aged 18 years and older
presenting to the emergency department during the study period
with an ESI of 3, 4, or 5; present in the emergency department
for a minimum of 2 hours; and the primary attending physician
determined that they were medically stable. Among the 483
eligible subjects invited to participate in this study, 145 refused
to participate, resulting in a total of 338 subjects available for
analyses (response rate of 70.0%). The main reasons for refusal
to participate included not feeling well enough to participate,
lack of interest in the research study, or not having time to
participate.

A stratified random sampling design was adopted, in which the
strata were defined as weekdays (237/338, 70.1%) vs weekends
(101/338, 29.9%). The random aspect of this sampling was
achieved by carrying out data collection during different times
and days of the week, in which all eligible patients available
during the visit were identified using the emergency department
dashboard, which is an in-house electronic patient tracking
system that includes the patients’ age, gender, ESI, and arrival
time.

Measurements
A mobile device was defined as any handheld portable
network-enabled electronic device that is generally connected
to other devices or networks via different wireless protocols
[30-32], primarily smartphones, which have not been addressed
by other studies.

A survey instrument in English was developed to evaluate
patients’ awareness and attitudes to the utilization of mobile
devices in the emergency department. A review of the published
peer-reviewed literature and other surveys examining the use
mobile devices was carried out to develop the survey
questionnaire used in this study [10]. Upon this review, a
preliminary version of the survey was constructed, which was
further customized to the institutional setting and reviewed by
a group of experts, including a statistician, the director of the
Emergency Medicine Department, a health management and
policy expert, and a social scientist, to enhance content validity
(see Multimedia Appendix 1). The English version of the
questionnaire was translated into Arabic and then back-translated
to English, and the two drafts were compared for consistency.
The preliminary drafts were then pilot-tested among 45 patients
(who were excluded from the final analyses) for redundancy,
validity, and clarity of the questions and statements. The survey
was subsequently revised and modified based on patient
feedback. Patients were given the option to choose which
version they would like to complete based on their preferences.

Before administering the survey, the participants were asked to
read and sign an informed consent form.

The survey included relevant patient demographic information
(age, gender, level of education, patient arrival time,
employment status, and monthly income) and their usage of
mobile devices. The questionnaire also included a list of
statements graded on a 4-point Likert scale (“disagree,”
“strongly disagree,” “strongly agree,” or “agree”) that evaluated
patients’ attitude toward the use of mobile devices by health
care providers with respect to six major domains: role in health
care, distraction potential, impact on communication, empathy,
privacy, and professionalism.

The attitude toward the usage of mobile device in the emergency
department was the main outcome variable considered in this
study. More specifically, the statement was “I believe mobile
devices should not be used by health care providers in
emergency departments.” Responses were divided into two
groups: agree (those who answered “agree” or “strongly agree”
to that question) and disagree (those who answered “disagree”
or “strongly disagree” to that question).

Sample Size Calculation
Sample size calculation was carried out considering the primary
outcome and based on a previous study carried out in a pediatric
teaching hospital in Australia, which reported that 33% of
patients were against the use of mobile devices at bedside [33].
A sample of 338 patients was estimated with a 95% CI and 5%
margin of error to detect a similar distribution.

Statistical Analysis
Statistical Package for Social Sciences version 24.0 (SPSS Inc,
Chicago, IL, USA) was used for data cleaning, management,
and analyses. Descriptive statistics are summarized by the
number and percentage for categorical variables. The association
between “mobile devices should not be used in the emergency
department” and other categorical variables was assessed using
the Chi square test. Multivariate regression analysis was
performed to adjust for potentially confounding variables.
Stepwise logistic regression analysis was used to assess the
association between the response to “mobile devices should not
be used in the emergency department” as a binary variable
(agree versus disagree) with all demographic variables and the
statistically significant attitude variables. P<.05 was set as the
entry threshold of potential predictors into the model, whereas
P<.10 was set as the threshold for removal from the model. The
results are presented as the odds ratio (OR) and 95% CI; P<.05
was considered statistically significant.

Results

Among the 338 respondents, 132 (39.1%) were opposed to the
usage of mobile devices by health care providers in the
emergency department. Table 1 presents the demographic
characteristics of all patients and the self-reported mobile device
usage, as well as the association with the main outcome (health
care providers should not use mobile devices in the emergency
department). Overall, the study sample was relatively young
with 174/338 (51.5%) respondents aged 35 years or less, with
a slightly higher number of women. The majority of the patients
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were employed and had completed at least a university degree,
with slightly more than half earning more than 2000 USD per
month. The large majority of respondents reported owning a
mobile device, most commonly a smartphone, with the top uses
including messaging apps, phone calls, and social media.

Analysis of the association between the main outcome and
different variables (demographic and self-reported mobile device
usage) revealed gender as the only significant factor, with
females more likely to agree that mobile devices should not be
used in the emergency department.

Table 1. Demographic characteristics, self-reported usage of a mobile device, and their association with main outcome.

Health care providers should not use a mobile device in the emergency department, n (%)Characteristic

P valueAgree (n=132)Disagree (n=206)All (N=338)

Demographic

.02Gender

51 (38.6)107 (51.9)158 (46.7)Male

81 (61.4)99 (48.1)180 (53.3)Female

.53Age (years)

33 (25.0)48 (23.3)81 (24.0)<25

36 (27.3)57 (27.7)93 (27.5)25-35

28 (21.2)45 (21.8)73 (21.6)36-50

24 (18.2)28 (13.6)52 (15.4)51-65

11 (8.3)28 (13.6)39 (11.5)66+

.78Education level

12 (9.2)20 (10.0)32 (9.6)Less than high school

21 (16.0)26 (12.9)47 (14.2)High school graduate

73 (55.7)121 (60.2)194 (58.4)University graduate

25 (19.1)34 (16.9)59 (17.8)Postgraduate

.7488 (66.7)133 (64.9)221 (65.4)Employed

.40Monthly combined family income (USD)

12 (15.2)30 (22.7)42 (19.9)<1000

21 (26.6)34 (25.8)55 (26.1)1000-2000

46 (58.2)68 (51.5)114 (54.0)2000+

Utilization

.76127 (96.2)200 (97.1)327 (96.7)Own a mobile device

Type of mobile device owned

>.99124 (97.6)195 (97.5)319 (97.6)Smartphone

.4239 (30.7)70 (35.0)109 (33.3)Tablet

.066 (4.7)21 (10.5)27 (8.3)Smartwatch/band

>.990 (0.0)1 (0.5)1 (0.3)Regular phone

.8138 (29.9)57 (28.5)95 (29.1)Other

Reasons for using a mobile device

.30108 (85.0)176 (88.0)284 (86.9)Phone calls

.66109 (85.8)175 (87.5)284 (86.9)Messaging apps

.7581 (63.8)124 (62.0)205 (62.7)Social media

.0736 (28.3)76 (38.0)112 (34.3)Games

.4182 (64.6)120 (60.0)202 (61.8)Browsing the internet

Table 2 presents the descriptive analyses of patients’ attitudes
toward the usage of a mobile device by health care providers
in the emergency department, as well as the association with

the main outcome. The majority of respondents believed that
mobile devices play a role in patient care and improve health
care delivery, but that they should only be used for medical care

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e16917 | p.149http://mhealth.jmir.org/2020/3/e16917/
(page number not for citation purposes)

Alameddine et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


purposes. According to the respondents, the top reasons for
appropriate use of mobile devices in a health care setting are
accessing medical information, sending/receiving medical
documents/images, looking up patient information, and
communicating via messaging apps.

In addition, two thirds of respondents reported that the use of
mobile devices does not demonstrate a lack of professionalism,
and more than half believe that the use of mobile devices does
not cause a breach of confidential patient information. By
contrast, more than two thirds of respondents agreed that mobile
devices are a distraction to health care providers in the
workplace, half agreed that the use of mobile devices by health
care providers leads to poor patient-provider communication,
and close to half agreed that the use of mobile devices impacts
the ability of health care providers to relate to patients.

Moreover, the large majority of patients who agreed that mobile
devices are a distraction to health care providers in the
workplace were more likely to agree that mobile devices should
not be used. Consistently, most patients who agreed that mobile
devices lead to poor patient-provider communication were also
more likely to agree that mobile devices should not be used in
the emergency department. Moreover, patients who agreed that
use of mobile devices impacts providers’ ability to relate to
patients, demonstrates lack of professionalism, and causes a
breach of confidential information were more likely to agree
that mobile devices should not be used in the emergency
department. Finally, those who do not like providers using their
mobile devices when treating them were more likely to agree
that mobile devices should not be used in the emergency
department.

Table 2. Descriptive analysis of patients’ attitudes toward the usage of a mobile device by health care professionals and association with main outcome.

Health care providers should not use mobile devices in the emergency depart-
ment, n (%)

Attitude

P valueAgree (n=132)Disagree (n=206)All (N=338)

Role in health care

.09103 (81.1)176 (88.0)279 (85.3)Agree that mobile devices play a role in patient care

Mobile device functions in hospital setting

.4794 (74.0)155 (77.5)249 (76.1)Access medical information (general)

.1890 (70.9)155 (77.5)245 (74.9)Send/receive medical documents/images

.8682 (64.6)131 (65.5)213 (65.1)Look up patient information

.4655 (43.3)95 (47.5)150 (45.9)Personal calls

.9259 (46.5)94 (47.0)153 (46.8)Messaging apps

.1347 (36.2)58 (29.0)105 (32.1)Facebook or other social media

.03117 (88.6)196 (95.1)313 (92.6)Mobile devices play a role in improving health care delivery

.32113 (85.6)183 (89.3)296 (87.8)Mobile devices should only be used for medical care

Distraction potential

<.001114 (86.4)126 (61.2)240 (71.0)Mobile devices are a distraction to health care providers

.277 (5.3)6 (2.9)13 (3.8)Health care providers spend more time on their mobile devices
than with me

Communication and empathy

<.00189 (67.4)81 (39.3)170 (50.3)Mobile device usage by health care providers leads to poor patient-
provider communication

<.00190 (68.7)61 (29.6)151 (44.8)Health care providers’ mobile devices usage impacts their ability
to relate to me

Professionalism and privacy

<.001112 (84.8)93 (45.1)205 (60.7)I don’t like health care providers using their mobile devices when
treating me

<.00170 (53.4)39 (18.9)109 (32.3)Mobile device usage demonstrates a lack of professionalism

<.00170 (53.4)68 (33.0)138 (40.9)Mobile device usage causes a breach of confidential information

Table 3 summarizes the independent factors associated with
patients’ believing that mobile devices should not be used in
the emergency department. Women were more likely to agree
that mobile devices should not be used in the emergency
department. In addition, patients who agreed that mobile devices

were a source of distraction and those who believed they
reflected lack of professionalism were more likely to agree that
mobile devices should not be used in the emergency department.
Moreover, those who felt that the usage of mobile devices
impacted the provider’s ability to relate to them were more
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likely to agree that mobile devices should not be used in the emergency department.

Table 3. Multivariate regression analysis for predictors of the main outcomea.

Health care providers should not use mobile devices in the emergency department

(reference: Disagree)

Predictor variable

P valueOdds ratio ( 95% CI )

.051.67 (1.00-2.78)Gender

.032.54 (1.36-4.76)Distraction to health care provider

<.0012.77 (1.59-4.82)Demonstrates lack of professionalism

<.0012.93 (1.72-4.99)Impacts health care provider’s ability to relate to me

aThe following variables were included in the full model: gender (reference: male); age (reference: <25 years); education (reference: <high school);
employed (reference: unemployed); distraction; improves health care delivery; mobile device should be used only for medical care; poor communication;
impacts health care providers’ ability to relate to me; lack of professionalism; causes a breach of confidential information.

Discussion

Principal Findings
This study represents a rare attempt to examine patient
perspectives on the use of mobile devices in an acute health
care setting. With the growing body of literature on the
distraction potential of mobile devices and their negative impact
on interpersonal relationships, understanding patients’
perceptions toward the use of mobile devices by health care
providers is important for curbing any unintended consequences
of their permeation into health care. The present findings reveal
that although the majority of patients agree that mobile devices
can improve health care and should be used for medical
purposes, many felt that mobile devices should not be used in
the emergency department (41%).

The results of this study concur with those of existing literature
showing that patients acknowledge the importance of technology
usage in health care delivery [15-25]. The surveyed patients
had clear views on the use of mobile devices, with the majority
stating that mobile devices improve health care delivery (92.5%)
and that they should be used for medical care (87.5%).
Furthermore, close to three quarters of the respondents believed
that physicians use their mobile devices in health care settings
to access medical information and send or receive medical
documents.

The overall positive attitude expressed by patients is
counterbalanced by several concerns. Many patients felt that
mobile device usage impacted the providers’ ability to relate to
them. This is in contrast to studies that considered the patient
perspective on other forms of technology, including computers,
tablets, and personal digital assistants, who denied any change
or depersonalization in their interaction with physicians using
such devices [15-20,24,25]. Most previous studies reported that
the use of technology in health care is considered to enhance
communication and quality of care [19,21,25]. However, our
findings are in line with the psychology literature suggesting
that mobile devices may negatively affect relationships by
dividing an individual’s attention between an immediate
face-to-face interaction and a distant wider social network, even
when not being actively used. Studies also show that the mere
presence of a mobile device during a paired interaction inhibits

the ability to develop closeness and trust, in addition to reducing
perceived empathy by the partner [13]. Within the health care
context, specific features of mobile devices, compared to other
technologies, may accentuate the abovementioned negative
feelings for patients. The mobility and accessibility of mobile
devices, along with their high distraction and addiction potential
[34,35], as well as the reduced visibility of the mobile device
screen may all heighten feelings of isolation and suspicions that
the mobile device is distracting providers from patient care and
the face-to-face interaction [34]. This finding is particularly
relevant to the context of emergency departments where rapport
building, assessment, and communication about care are all
being squeezed into a brief encounter where the provider and
patient are often meeting for the first time, in a high-interruption,
high-anxiety, and high-risk setting [27,28].

Distraction also emerged as one of the main concerns in our
study, with more than two thirds of the respondents reporting
that mobile devices may be a source of distraction to health care
providers in the workplace (71.1%). This finding is in contrast
to studies considering the patient perception of provider usage
of computers where distraction did not emerge as a significant
patient concern. Our findings instead concur with studies that
showed high rates of health care professional self-reporting of
distraction by a mobile device [10,15,36]. The link between the
use of mobile devices and distractibility has been extensively
established, showing an association with reduced reaction time,
the worst performance on tasks that require cognitive focus, as
well as “inattention blindness”, which is the reduced ability to
notice unique and novel stimuli [8,37-41]. This perceived
distraction may also add to patient concerns about providers
relating to them or displaying empathy during the episode of
care.

The abovementioned concerns can explain the fact that 2 out
of every 5 patients (41%) felt that mobile devices should not
be used in the emergency department. Although age, education,
and income level were not associated with this patient opinion,
gender did emerge as a significant predictor variable, with
women being significantly more likely to disagree with the
usage of mobile devices in the emergency department setting.
This finding is in line with studies showing that men, as
compared to women, are more likely to find talking on their
mobile phones in various personal situations more acceptable
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[42]. Moreover, patient perception of how mobile device usage
may influence factors related to the care process was highly
associated with the potential impact on the provider-patient
relationship. Specifically, those who believed that the use of
mobile devices reflected lack of professionalism, distracted
from care, and negatively impacted the provider’s ability to
relate to them also agreed that mobile devices should not be
used in the emergency department. Such findings suggest that
providers were visible to patients while using their mobile
devices or that such use may have taken place during the clinical
encounter with the patient. The use of mobile devices by health
care providers during clinical encounters would be perceived
by many patients to reflect a lack of professionalism, whether
it took place inside the emergency department or any other care
setting. However, the physical layout of the emergency
department, in which all patient care areas are open to the central
health care provider station, may have accentuated this
perception since health care providers are continuously visible
to patients. The ability to relate to patients, a reflection of
empathy, was the strongest driver for disagreeing with usage
in the emergency department, corroborating the psychology
literature on the impact of using mobile devices on empathy
and relationship building [12-14].

This study sheds light on serious patient concerns that warrant
consideration as mobile device permeability in health care
continues to grow. Multiple sectors have already addressed the
distracting potential of mobile devices on safety through
regulatory initiatives such as the Distracted Driver Law that
prohibits usage while driving and the “Sterile cockpit law” that
prohibits pilots and crew members from engaging in any activity
during critical phases of takeoff and landing [43]. Although the
use of mobile devices has become too intertwined with clinical
care for a complete ban to be possible, there is a clear need to
place some guidelines surrounding their use in health care and
introduce some codes of conduct. From a policy perspective,
managers need to ensure the right balance between security and
liberty [44]. From a liberty perspective, care providers should
have the freedom to use their devices as they deem appropriate.
From a security perspective, such use should be regulated to
mitigate the negative impact on providers’ productivity, patient
safety, and the patient-provider relationship. The tradeoff
between security and liberty is inevitable and would call for
wider discussions between care providers, administrators,
regulatory bodies, and the ministry of health to build support
for regulatory policies and procedures that could be endorsed
at the national level with the support of concerned stakeholders.

Gill et al [8] proposed several guidelines that aimed at securing
institutional networks and regulating the use of mobile devices
for nonwork-related purposes. This can be realized through
ensuring high-security wifi connections and extending firewalls
to identify and control the use of an application on the network.
Limiting access to social network websites such as YouTube
and Facebook and establishing an intracompany communication
network are also possible solutions [8].

Nevertheless, successful interventions cannot solely rely on
technological solutions to limit personal use. Developing and
nurturing a digital professionalism code of conduct will be
essential. Setting expectations for clinical care usage in clinical
areas and designating separate hotspots for personal use should
be part of this implementation. Raising awareness on the impact
of the use of mobile devices on face-to-face interactions,
empathy, and communication is also essential, with specific
attention to female patients. Similarly, it is important to develop
best practices for the use of mobile devices around patients,
including maintaining eye contact, and explaining to patients
why they are using the device to counter the limited screen
visibility and associated suspicions that arise.

Although the external validity of the findings and
recommendations of this study are particularly applicable to the
emergency department setting, they are also applicable, with
some contextualization, to other care areas within a health care
institution. Future studies should validate the present findings
in other care areas and across other contexts.

Limitations
The results of our study should be considered in light of its
limitations. First, although the research team assured patients
with the confidentiality of their responses and that their
responses will not impact the care they are receiving, there
remains a risk of a social desirability bias with patients
potentially modifying their responses to prevent putting the care
providers at risk. Second, the cross-sectional nature of the study
is only able to discover associations, and it is difficult to
establish causal relationships, leading to a risk of possible
spurious associations. In addition, we excluded high-acuity
patients (ESI 1 and 2), which may have led to response bias.
However, patients with an ESI 3, 4, and 5 collectively comprise
80% of our population. Lastly, the nature of the study as a
single-center assessment with a specific patient base may affect
the generalizability to other patient populations.

Conclusion
Patients in the emergency department recognize the important
role of mobile devices in health care delivery and patient care.
Nonetheless, 2 out of every 5 patients believe that mobile
devices should not be used in the emergency department. This
seems to be driven by gender, with women more likely to
disagree with usage in the emergency department, along with
patients’ perception of how mobile devices may negatively
impact the fundamentals of care and the patient-provider
relationship, namely professionalism, provider attention, and
their ability to relate to patients. This is particularly important
in the emergency department setting, where time constraints
challenge a physician’s ability to build a rapport with patients.
Accordingly, this study highlights the significance of fostering
and cultivating, in consultation with concerned stakeholders, a
digital professionalism code of conduct in the emergency
department with particular attention to female patients.
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Abstract

Background: Type 2 diabetes is a growing public health problem amenable to prevention and health promotion. As healthy
behaviors have an impact on disease outcomes, approaches to support and sustain diabetes self-management are vital.

Objective: This study aimed to evaluate the effectiveness of a nurse coaching program using motivational interviewing paired
with mobile health (mHealth) technology on diabetes self-efficacy and self-management for persons with type 2 diabetes.

Methods: This randomized controlled trial compared usual care with an intervention that entailed nurse health coaching and
mHealth technology to track patient-generated health data and integrate these data into an electronic health record. The inclusion
criteria were as follows: (1) enrolled at 1 of 3 primary care clinics, (2) aged 18 years or above, (3) living with type 2 diabetes,
and (4) English-speaking. We collected outcome measures at baseline, 3 months, and 9 months. The primary outcome was diabetes
self-efficacy; secondary outcomes were depressive symptoms, perceived stress, physical functioning, and emotional distress and
anxiety. Linear regression mixed modeling estimated the population trends and individual differences in change.

Results: We enrolled 319 participants; 287 participants completed the study (155 control and 132 intervention). The participants
in the intervention group had significant improvements in diabetes self-efficacy (Diabetes Empowerment Scale, 0.34; 95% CI
–0.15,0.53; P<.01) and a decrease in depressive symptoms compared with usual care at 3 months (Patient Health Questionnaire-9;
0.89; 95% CI 0.01-1.77; P=.05), with no differences in the other outcomes. The differences in self-efficacy and depression scores
between the 2 arms at 9 months were not sustained. The participants in the intervention group demonstrated a significant increase
in physical activity (from 23,770 steps per week to 39,167 steps per week at 3 months and 32,601 per week at 9 months).

Conclusions: We demonstrated the short-term effectiveness of this intervention; however, by 9 months, although physical
activity remained above the baseline, the improvements in self-efficacy were not sustained. Further research should evaluate the
minimum dose of coaching required to continue progress after active intervention and the potential of technology to provide
effective ongoing automated reinforcement for behavior change.

Trial Registration: ClinicalTrials.gov NCT02672176; https://clinicaltrials.gov/ct2/show/NCT02672176

(JMIR Mhealth Uhealth 2020;8(3):e16665)   doi:10.2196/16665
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Introduction

Background
Type 2 diabetes is a growing public health problem amenable
to prevention and health promotion [1]. The prevalence of
diabetes in the United States will increase from 9.3% in 2012
to an estimated 25% to 28% by 2050, with type 2 diabetes
accounting for 90% to 95% of cases [2]. Physical inactivity,
poor eating habits, obesity, and smoking are common risk factors
for type 2 diabetes. The connections between health behavior
and disease outcomes indicate the importance of a
patient-centered, proactive, and evidence-based approach to
prioritizing and enacting lifestyle choices [3].

Having a chronic condition has implications for all aspects of
daily life as the individual navigates choices about nutrition,
physical activity, sleep, stress management, and medication
regimen. Bandura and Adams [4] established that self-efficacy,
the belief in one’s ability to influence events, can effect changes
in behavior. For decades, researchers and clinicians have
recognized the importance of perceived self-efficacy in the
management of diabetes, including the ability of individuals to
make healthy lifestyle decisions, adhere to medication and
treatment regimens, and manage stress [5]. Encounters with
health care providers are episodic and usually focus on
monitoring and adjusting medical treatment. As optimal health
in diabetes requires a more active approach by individuals to
self-manage their condition and to engage in lifestyle behavioral
changes, health care providers could contribute to better
outcomes by offering personalized support.

Diabetes education programs and group classes may be effective
in the short term but appear to be insufficient to sustain
behavioral changes (eg, improvements in physical activity and
healthy eating) and self-management skills [6,7]. Motivational
interviewing (MI) and health coaching have the potential to
customize strategies according to the individual’s priorities and
interests. MI is a counseling approach to build capacity to solve
problems, improve self-efficacy, and support behavioral change
in diabetes management [8-11]. Health coaching utilizes MI
concepts to facilitate behavior change by encouraging
individuals to establish attainable personal goals, brainstorm
strategies to achieve goals, and self-monitor behaviors, all within
the context of an interpersonal relationship with a coach [12,13].
The results of a systematic review on health coaching found
improved physiological, behavioral, psychological, and social
outcomes in people with chronic conditions [14]. Qualitative
exploration of patient perspectives on unmet needs in
self-management revealed gaps in the existing programs in their
ability to support emotional regulation, psychological
adjustment, and behavior change [15]. Our group previously
demonstrated the effectiveness of MI and health coaching in
sustaining diabetes self-efficacy in rural communities [16].
These interventions typically rely on self-report of lifestyle
changes, such as diet or physical activity modifications, limiting
precision in quantifying behavioral improvements.

The International Diabetes Federation outlines clinical
guidelines for type 2 diabetes management, including educating
patients and providers, setting goals for self-management of

blood glucose, generating a structured profile, providing
feedback to patients about their results, using these data to
modify treatments, and engaging in shared decision making
[17]. Despite these guidelines, a systematic review of type 2
diabetes management indicates that these principles have not
been widely adopted in primary care. One of the gaps is that
diabetes self-management education and support programs
incorporating mobile health (mHealth) inconsistently integrate
data and feedback to change treatment and support behavior
change [18].

Mobile technology offers new opportunities to track health
behaviors, provide reinforcement through immediate feedback
about objective measures of behavior such as steps taken, and
improve health outcomes in chronic diseases [19-21].
Technology-enabled diabetes self-management solutions with
a feedback loop using patient-generated health data (PGHD) to
tailor education and individualize feedback improved
hemoglobin A1C [22-25]. Wearable tracking devices and
mHealth apps that capture health behaviors offer an objective
view of daily activity, which was not previously available [26].
These technological advances become more salient when PGHD
are part of the clinical record, incorporated into the care plan
of adults with type 2 diabetes, offering access to data for
clinicians and improved precision health opportunities.

Objective
This study examined the impact of a novel intervention using
MI-based nurse health coaching combined with wearable activity
trackers that integrate patient-generated activity data into the
patient’s electronic health record (EHR) to improve health
among adults with type 2 diabetes. We hypothesized that
individuals randomized to the intervention group would show
overall improved self-efficacy compared with individuals in
the usual care group.

Methods

Study Design
A detailed description of the study design was previously
reported in a clinical trial protocol [27]. This was a randomized
controlled trial with 2 arms: (1) usual care through primary care
and (2) the Patient and Provider Engagement and Empowerment

Through Technology (P2E2T2) Program—nurse coaching paired
with mobile sensor technology. The study was approved by the
institutional review board of the University of California, Davis,
and registered at ClinicalTrials.gov (NCT02672176).

Recruitment
We recruited participants from 2 suburban and 1 urban primary
care clinic within an academic health center in Northern
California. The inclusion criteria were as follows: (1) aged 18
years or above, (2) receiving care at 1 of the 3 clinics, (3) living
with type 2 diabetes and having HbA1c of 6.5% (48 mmol/mol)
or higher, and (4) able to speak English. Participants were
ineligible if they did not have access to a telephone, were not
able to consent because of cognitive impairment, or were
pregnant. Our power analysis determined that with 100
participants per arm, we would have 80% power to detect
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differences in self-efficacy. We queried the health system EHR
and diabetes registry to identify eligible participants who
subsequently received mailed letters and telephone calls.
Potential participants were told that the study focused on using
enabling technology to support their health in diabetes. Study
data were collected and managed using Research Electronic
Data Capture tools hosted at the Clinical Translational Science
Center at UC Davis [28,29]. REDCap (Research Electronic
Data Capture) is a secure, Web-based software platform
designed to support data capture for research studies, providing
(1) an intuitive interface for validated data capture, (2) audit
trails for tracking data manipulation and export procedures, (3)
automated export procedures for seamless data downloads to
common statistical packages, and (4) procedures for data
integration and interoperability with external sources. Following
telephone consent, we used Research Electronic Data Capture
to randomize participants to 1 of the 2 groups in a 1:1 ratio,
stratified by clinic site, to either the usual care (control group)

or the P2E2T2 program. We used stratified block randomization
to ensure a balanced number across the 2 groups within each
site. The participants completed written consent during their
onboarding session. Participants and research team members
not involved in recruitment were blind to the randomization.

Clinical Trial of Patient and Provider Engagement
and Empowerment Through Technology

Usual Care
Participants in this group received usual care through their
primary care clinic. Usual care comprised standard health care
visits with providers and access to classes, resources, and
services (ie, diabetes management and weight loss education,
electronic learning videos, and care coordination). At the
orientation meeting, the study team members provided
instruction on how to access these resources and services as
well as how to use the health system’s patient portal (MyChart).

Patient and Provider Engagement and Empowerment
Through Technology Intervention Program Group
The intervention group participants received the same care
through their primary care clinic and training as those receiving
usual care regarding health system services and resources. In
addition, the intervention included (1) nurse health coaching
and (2) mHealth technology to track PGHD and integrate these
data into the EHR (see Multimedia Appendix 1).

Nurse Health Coaching
The nurse health coaches for the intervention were 3 registered
nurses (RNs) with experience in both health coaching and
management of chronic disease. To promote fidelity to the
intervention and a common approach to coaching participants,
the nurses received core training in MI-based coaching and
diabetes management. All the RN health coaches delivering the
intervention completed the HealthSciences Institute’s Registered
Health Coach (RHC) and Chronic Care Professional training
programs (www.healthsciences.org). A final performance
evaluation using the Motivational Interviewing Treatment
Integrity (MITI) 3.1.1 global scale evaluation tool confirmed
health coaching competency before the receipt of the RHC

certificate [30]. Nurses also completed a refresher course in
diabetes management through the American Association of
Diabetes Educators as well as the standard health system
orientation on policies, procedures, and EHR training.

We paired each participant with a nurse health coach who
delivered 6 individual sessions using a counseling style based
on the concepts of MI. Sessions were structured to promote
mutual goal setting, enhance self-efficacy in health behavior
change, and assist individuals to derive meaning from data to
reinforce choices and behaviors. Two RN researchers with nurse
coaching experience in diabetes audited 8 of the 158 (5%) of
the participant sessions and scored the coach using the MITI.
They provided timely feedback to the coaches during weekly
debriefing sessions, reviewed scores, and discussed optimization
strategies by reviewing scenarios.

The participants had an in-person orientation with the nurse
coach, followed by telephone sessions every 2 weeks for 3
months (6 contacts total). The initial MI session elicited
motivations and set goals with tracking metrics to gauge the
progress toward goals at subsequent sessions. Throughout the
sessions, the coaches encouraged the participants to identify
facilitators and barriers to achieving their health goals.

Mobile Health Technology and Integration of
Patient-Generated Health Data Into the Electronic
Health Record
We provided a wearable tracking device (initially, Basis Peak,
then Garmin VivoSmart Heart Rate [HR]) to the intervention
group participants. This device generated real-time information
about steps taken, distance walked, active minutes, heart rate,
and hours of sleep at night and synced the data to either an
iPhone operating system mobile phone and/or iPod Touch. We
provided the iPod Touch to participants who did not already
possess this technology. We preinstalled MyFitnessPal, a mobile
app, on the devices to allow participants to log and track
nutritional consumption if they chose. We provided in-person
or telephonic technical support to all participants—including
the usual care group participants—throughout the duration of
the study. We encouraged the participants to wear the activity
tracker for the entire 9-month duration of the study.

PGHD were integrated into the EHR when participants
performed regular synchronization of the activity tracker to their
personal device. We used 2 connectors, Apple HealthKit and
MyChart, to accomplish the automatic transmission of data to
the EHR. We used Synopsis, a feature within the EHR, to design
a single screen page of relevant PGHD along with clinically
relevant data elements (ie, laboratory values and medications).
In the case management module of Epic Electronic Health
Record, we designed a summary documentation form for the
nurse coaching sessions. We sent a final summary of goals and
achievements to the primary care providers. Using these tools,
the participants, providers, and nurse health coaches could view
trends in activity levels, sleep, and nutritional intake on either
their smart device or on a computer.

Changes After Trial Commencement
Early in the intervention period, we experienced an unexpected
recall of the Basis Peak activity tracking device because of a
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safety issue that required identifying and selecting a replacement
device. The study team, in collaboration with the advisory
boards, worked diligently and promptly to identify, test, and
select a replacement (Garmin VivoSmart HR) and then distribute
the new device to the participants in the intervention arm of the
study, providing technical support to these participants as
needed. This recall affected 79 participants; most of these
participants received and were oriented to their new devices
within 2 weeks of the recall.

Measures
The participants completed Web-based surveys at baseline, 3
months (coinciding with the end of the intervention or 3 months
from baseline), and 9 months. The baseline survey included
demographic information (age, gender, race and ethnicity,
education, income, and insurance type), health information
(common chronic illness and health status), and technology use
and adoption information. Readiness to change was assessed
with 2 items measuring intention, I am intending to make
changes in my diabetes self-care in the next 6 months and I am
intending to make changes in my diabetes self-care in the next
month, and then categorized into 3 groups: precontemplators
(do not intend to make changes), contemplators (intend to act
in 6 months), and preparers (intend to make a change in the next
month) [31]. Surveys at all 3 time points assessed study outcome
measures.

Primary Study Outcome
Diabetes self-efficacy (Diabetes Empowerment Scale
[DES]–Short Form) [32] is an 8-item Likert-scale survey
instrument that measures diabetes-related psychosocial
self-efficacy. The overall score is the sum of scores of the 8
questions in the survey, with higher scores indicating greater
self-efficacy.

Secondary Outcomes
Depression severity (Patient Health Questionnaire-9 (PHQ-9)
[33] is a 9-question validated survey that measures the presence
and severity of depression. The score is a sum of all the
responses and ranges from 0 to 27. A score of 10 or above
suggests the presence of depression.

Other Measures
The surveys also included Patient-Reported Outcomes
Measurement Information System (PROMIS) [34] measures
(physical function and emotional distress and anxiety) and the
Perceived Stress Scale (PSS) [35]. The PROMIS physical
function 4-item instrument assesses the current physical function
in the individual. The PROMIS emotional distress and anxiety
4-item instrument measures self-reported fear, anxious misery,
and hyperarousal symptoms. The PSS is a 4-item instrument
that measures the degree to which situations in one's life are
determined as stressful. We evaluated physical activity data
measured as steps in the intervention group (who had the activity
tracker). We audited the use of MyChart features for all
participants. For the intervention group, the nurse coaches
recorded goals and perception of goal attainment on the part of
both the participant and the nurse coach.

Statistical Methods
Descriptive analysis yielded means and SDs for continuous
variables and frequencies for categorical variables. We examined
distributions and collinearity to determine whether the data met
the assumptions for planned statistical analyses. We compared
the demographic and health-related characteristics among the
individuals in the intervention group and the usual care group
using Student t test, Wilcoxon signed rank test, chi-square test,
and Fisher exact test, as appropriate. We calculated the change
in outcomes over time as the difference between baseline and
3 months and baseline and 9 months for diabetes self-efficacy
scores, depression severity (PHQ-9), stress score, and PROMIS
measures. We used Student t test to compare the change in
outcome between the usual care and intervention groups
(significance level: P≤.05). We conducted statistical analysis
using Stata, version 15.0, statistical software (StataCorp, Texas,
US).

In the primary analysis, we estimated the difference over time
in the effects of the intervention versus usual care in the study
participants, controlling for potentially relevant variables such
as demographic characteristics, readiness to change,
self-reported health, and comorbid disease. This was an
intention-to-treat analysis with the assumption that any dropouts
were missing at random. In our evaluation, we did not find any
significant difference between the participants who dropped out
and the participants who continued in the study. We adopted a
mixed effects maximum likelihood model that accounts for the
missing data from the participants who dropped out from the
study. Finally, our sensitivity analysis found no difference with
regard to the significance of our findings when we excluded
these participants from the analysis. We included all participants,
regardless of intervention completion, in the intention-to-treat
analysis. We used multivariate regression modeling for all
hypotheses testing to estimate within-group and across-group
effects of the intervention on the outcomes (significance level:
P≤.05). The mixed effects models evaluated the impact of the
intervention over time on the primary outcome, diabetes
self-efficacy. We included a binary indicator for intervention
group assignment and a group-by-time interaction term in the
models to compare improvement over time between the
intervention group and usual care group. We evaluated model
fit using deviance tests for nested models, and the Akaike
information criterion and the Bayesian information criterion for
non-nested models. We assessed the estimates for the fixed
effects using a predetermined significance level (P<.05) on
2-sided tests and 95% CIs. We used the same approach for
analyzing the primary and secondary outcomes, analyzing the
effect of the intervention at baseline, 3 months, and 9 months.

Results

Overview
Multimedia Appendix 2 provides a Consolidated Standards of
Reporting Trials (CONSORT) flow diagram. The diabetes
registry query identified 2242 potential participants. Of these,
1938 were eligible for phone recruitment. We obtained verbal
consent from 392 participants by phone before randomization.
A total of 319 participants attended the orientation session,
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completed the written consent, and were included in the analysis.
Furthermore, 32 out of 319 (10.0%) participants, 6 out of 161
(3.7%) participants from the usual care group and 26 out of 158
(16.5%) participants from the intervention group, either dropped
out or were lost to follow-up over the course of the study. Of
the 287 participants who completed the 9-month follow-up
surveys, 155 were in the usual care group and 132 were in the
intervention group. The recruitment commenced in February
2016 and the study was completed by December 2017.

Sample Characteristics
There were no significant differences in the demographics
between the usual care and intervention groups (Table 1), with
an almost equal distribution in gender and a mean age of 59.1
(SD 11.4) years. Most participants identified themselves as

white, followed by African American, Asian, other, or more
than 1 race. Furthermore, 42 out of 277 (15.2%) participants
identified themselves as Hispanic and Latino. The majority of
participants had attained at least some college education or
completed college degrees.

Most participants were managing multiple chronic illnesses.
The participants tracked metrics related to their health at varying
rates as follows: blood glucose (127/319, 39.8%), laboratory
results (125/319, 39.2%), physical activity (82/319, 25.7%),
nutrition (65/319, 20.4%), and sleep (54/319, 16.9%). A large
percentage of participants, 256 out of 319 (80.3%), had no prior
experience using mobile apps or sensors. The usual care and
intervention groups were similar with regard to their baseline
health characteristics and experience with technology.
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Table 1. Characteristics of participants in the study.

P valueIntervention (n=158)Control (n=161)Total (N=319)Characteristics

.97   Gender, n (%) (N=313)

73 (47.4)75 (47.2)148 (47.3)Female

81 (52.6)84 (52.8)165 (52.7)Male

.8758.96 (11.3)59.18 (11.5)59.07 (11.4)Age (years), mean (SD)

.89   Education, n (%) (N=315)

16 (10.3)20 (12.6)36 (11.4)High school or less

53 (34.0)56 (35.2)109 (34.6)Some college

21 (13.5)19 (12.0)40 (12.7)Associate’s degree

34 (21.8)29 (18.2)63 (20.0)Bachelor’s degree

32 (20.5)35 (22.0)67 (21.3)Graduate and professional de-
gree

.06   Annual income, n (%) (N=276)

15 (10.7)29 (21.3)44 (15.9)<US $25,000

37 (26.4)29 (21.3)66 (23.9)US $25,000-US $50,000

27 (19.3)29 (21.3)56 (20.3)US $50,001-US $75,000

30 (21.4)17 (12.5)47 (17.0)US $75,001-US $100,000

31 (22.1)32 (23.5)63 (22.8)>US $100,000

.79   Race, n (%) (N=311)

96 (63.2)100 (62.9)196 (63.0)Caucasian

21 (13.8)18 (11.3)39 (12.5)African American

11 (7.2)16 (10.1)27 (8.7)Asian

16 (10.5)14 (8.8)30 (9.7)Other

8 (5.3)11 (6.9)19 (6.1)More than 1 race

.28   Ethnicity, n (%) (N=277)

24 (17.5)18 (12.9)42 (15.2)Hispanic or Latino

113 (82.5)122 (87.1)235 (84.8)Not Hispanic or Latino

.88   Chronic comorbidities, n (%)
(N=307)

60 (38.0)55 (34.2)115 (37.5)No other comorbidities

48 (30.4)47 (29.2)95 (30.9)1 comorbidity

25 (15.8)27 (16.8)52 (16.9)2 comorbidities

20 (12.7)25 (15.5)45 (14.7)3 or more comorbidities

.74   Experience with health apps or
sensors, n (%) (N=317)

30 (19.0)33 (20.5)63 (19.8)Previously used apps or sensors

128 (81.0)128 (79.5)256 (80.3)Never used apps or sensors

   Current health tracking, n (%)

.3163 (39.9)64 (39.8)127 (39.8)Blood glucose

.2547 (29.8)35 (21.7)82 (25.7)Physical activity

.4632 (20.3)33 (20.5)65 (20.4)Nutrition

.4226 (16.5)28 (17.4)54 (16.9)Sleep
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Intervention Engagement
The most common smart goals selected by the intervention
group participants were physical activity (103/147, or 70.7%)
and nutrition (37 out of 147 or 25.2%), with 7 out of 147 (4.8%)
participants selecting other goals such as stress reduction,
alcohol cessation, and improving sleep. Across all coaching
sessions, participants averaged 172 min of nurse coaching.

Study Outcomes
Multimedia Appendices 3 and 4 summarize the descriptive
results for the study outcomes. At baseline, the mean diabetes
self-efficacy score was 3.66 (SD 0.89) in the usual care group
and 3.67 (SD 0.83) in the intervention group. This score
increased in both groups at 3 months, 3.71 (SD 0.86) in the
usual care group and 4.05 (SD 0.69) in the intervention group.
For the depression severity measure, PHQ-9, the usual care
group experienced slightly greater depressive symptoms over
time, whereas the intervention group’s PHQ-9 score decreased
at 3 months. There were no changes in the perceived stress or
the PROMIS measures. For the intervention group at baseline,
the average number of steps per week was 23,770 (SD 18,470),
which increased at 3 months to 39,167 (SD 22,513) and declined
at 9 months to 32,601 (SD 19,851). Furthermore, 82 of the 132
(62.1%) participants who completed the 9-month survey
continued to use the device until the end of the study.

Multimedia Appendices 5 and 6 show the comparison of changes
in outcomes (difference in differences) between the participants
in the intervention group and the participants in the usual care
group. The analysis of outcome measures at baseline and 3
months demonstrated a significant improvement in diabetes
self-efficacy (DES), 0.34 (95% CI –0.15,0.53), and depressive
symptoms (PHQ-9), 0.89 (95% CI 0.01-1.77), and a trend
toward decreased perceived stress (0.59, 95% CI 0.03-1.16) in
the intervention group compared with the usual care group.
There were no significant differences in emotional distress,
anxiety, or physical functioning (PROMIS) at different time
intervals. There were no significant differences in the outcome
measures at baseline and 9 months (end of study) between
participants in the intervention and usual care groups.

Finally, our mixed effect regression models evaluated the effect
of the intervention on the primary outcome, diabetes
empowerment (DES), over time (3 months and 9 months). We
found significant improvement in the DES scores at 3 months
(0.50, 95% CI 0.07-1.1; P<.05) in the intervention group, but
this was not sustained at 9 months after adjusting for readiness
to change, self-reported health, gender, education, race, and
comorbid disease in the final model. We did not find significant
changes in the PHQ-9 and PSS scores after adjusting for other
factors in the regression models.

Discussion

Principal Findings
This study built upon the recognition that chronic disease
management is fundamentally a partnership between health care
providers and individuals, requiring goal setting, bilateral
communication, and motivation. We sought to change the
conversation through mHealth technology and nurse coaches’

support that could standardize goal setting and generate relevant
patient-generated data for discussion and action. We engaged
the stakeholders representing persons with diabetes, clinicians,
and health information technology experts to design the
intervention and the integration of the technology and coaching
into primary care.

This study demonstrated the short-term effectiveness of an
innovative diabetes intervention using nurse health coaching
and mHealth technology on diabetes self-efficacy and increased
physical activity, supporting our hypothesis. However, by 6
months post intervention, although physical activity remained
above baseline, the differences in self-efficacy were not
sustained.

The change in diabetes self-efficacy score represented a
meaningful improvement in the confidence for engaging in
self-management behavior in 3 to 4 out of 8 potential areas. The
average PHQ-9 score was below the cutoff indicating substantial
depressive symptoms, and the score decreased over the course
of the intervention. Improved self-efficacy and management of
depression may be the most important drivers for positive health
behavior change. This finding also suggests a potential for
PGHD derived from wearable sensors to play a role in
improving self-efficacy. By using tracking devices, the
participants became aware of their physical activity and behavior
patterns and could visualize and measure their accomplishments,
increasing motivation to continue changes to attain their goals.
The nurse coaches explaining the data from sensors and
supporting the participants as personal difficulties arose were
critical in the positive outcomes as the coaching interactions
also created accountability, focus, and awareness of how
behavior impacted the participants’ health.

The decrease in depression severity scores among the
intervention group participants further endorse the importance
of personalized support, connection to health care resources to
cope with and treat depression, and continuous communication
provided during the coaching sessions. Significant differences
in these areas did not persist at 9 months. As lifestyle changes
take time and require reinforcement, it is possible that a longer
intervention period with continuing support (ie, health coaching)
could be needed for sustained behavior changes leading to better
diabetes management.

Participants in the intervention demonstrated a significant
increase in physical activity, as measured by increased steps
per week, from 23,700 to 39,167 at 3 months and down to
32,601 at 9 months. Using average stride length, this is an
increase from about 11.9 miles to 19.6 miles walked per week.
At 9 months, participants were still walking 16 miles. This
accomplishment is consistent with the Centers for Disease
Control and Prevention’s (CDC’s) recommended guidelines for
type 2 diabetes management to get at least 150 min per week
of moderate-intensity physical activity [36] and indicates an
improvement in lifestyle choices. According to the CDC,
incremental and sustained improvements in physical activity
over time will contribute to better management of type 2
diabetes.

The lack of long-term sustainability of this intervention echoes
other studies [37-39]. In a hospital-based telephone coaching
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intervention for patients with type 2 diabetes, Varney et al [37]
reported that the intervention was only effective during the study
period but not sustainable past the completion of the study.
Mohr et al [39] and Yardley et al [38] discussed the importance
of human support in motivation, effective engagement, and
adherence of participants to electronic health interventions.

The high retention rate (89.9% completed the 9-month study),
coupled with the qualitative feedback from participants, suggests
that the intervention was acceptable and useful despite the fact
that over 80% had no previous experience with technology.
Both groups engaged with the technology; the usual care group
demonstrated interest and use of online diabetes resources, and
the intervention group used their wearable activity trackers and
online resources. Although the digital divide exists, this study
demonstrates that mHealth solutions are viable for novices to
technology and individuals with low socioeconomic status. Fu
et al [40] identified specific elements that could enhance the
utilization of diabetes apps, including assisting participants to
recognize patterns, customizing targets, reviewing data, and
planning lifestyle adjustments.

Strengths and Limitations
The passive tracking devices provided data for discussion with
the nurse coaches who assisted in making sense of the patterns,
generating insights into health habits that can affect outcomes
that matter to the patient. These insights form the basis for
long-term behavior change necessary for optimal health in
diabetes. In a parallel analysis of the qualitative data from this
study, participants described new insights about living with type
2 diabetes and defined success in their own terms as changes
in awareness, mindset, engagement with health resources, and
self-perceptions of emotional or physical health [41].
Participants in our trial substantiated the importance of context,
meaning, and health care partnerships in engaging and sustaining
engagement with the use of mHealth technology [19].

This study also demonstrated the feasibility of integrating such
PGHD into the EHR for visualization by the patient and the
health care team. Although the use of mHealth to improve
diabetes self-management is well illustrated in the research
literature [42-44], the data gathered in those studies were only
used for research, without integration into the patient’s EHR
for optimal utilization by clinicians managing the disease. The
EHR typically stores data generated by providers and the health
system, with no contribution of data either generated by the
patient or deemed important by patients in creating a complete
picture of their health. To our knowledge, this is the first study
reporting successful comprehensive integration of PGHD not
only into the EHR at an academic medical center but also its
meaningful integration into the provider’s workflow.

This study had several limitations. First, the sample might have
been biased toward those ready to change and those ready to
use technology, limiting generalizability. Second, this study has

limited generalizability to other settings because of required
investments in technology, technology training, and support
throughout the intervention. However, we estimated the total
cost of the intervention, including staff time and technology, to
be less than US $500 per participant. The total cost is a small
investment relative to the costs of an office or emergency room
visit. Finally, this intervention requires commitment to a model
of care to include nurse coaches in a team-based approach.

Although this study demonstrated the short-term effects on
self-efficacy, it did not demonstrate sustainability of the effects.
Since this study commenced, 2 major trends have
accelerated—the use of mHealth technology and the movement
toward value-based payment for chronic disease management.
These facilitating forces will likely result in approaches akin to
those examined in this study. This study answered several
logistical questions for scalability and generalizability,
demonstrated the feasibility of integrating PGHD into the
clinical record, and engaged and supported patients with little
previous exposure to technology. As mobile technology is
gaining adoption across all age demographics [45], scalability
becomes more reasonable with more tech-savvy patients who
already own mobile phones. EHR vendors are now working on
HIPPA-compliant platforms that incorporate PGHD. With this
forward movement in technology, the intervention becomes
even more feasible.

Although traditional fee-for-service reimbursement models
would not cover such interventions, managed care plans and
value-based purchasing will move toward reimbursing
interventions that yield quality outcomes, further enhancing the
potential for sustaining interventions of this kind. Finally, as
PGHD are not highly sensitive, this intervention does not have
to be clinic-based. It has the potential for delivery in a variety
of settings such as fitness centers, workplaces, and community
centers, increasing the potential to scale.

Conclusions
Coupling patient data with other indicators of health provides
a more complete picture that could be helpful in a variety of
chronic conditions, such as congestive heart failure and chronic
obstructive pulmonary disease, which require a partnership
between clinicians and patients for effective management. This
study combined nurse coaching with mHealth and compared
this intervention with usual care; future studies could include
more study arms that break out the components to allow greater
comparison. Future research could examine this approach in
additional conditions and other strategies, such as automated
feedback in the form of SMS messaging and online peer support
that could enhance the effectiveness of the intervention. Longer
study periods with intermittent coach contact could potentially
demonstrate how to sustain the effects of the intervention over
time. Finally, studies of implementation and dissemination
across a variety of settings would improve the translation of
research such as this into practice.
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Abstract

Background: Diabetes poses heavy economic and social burdens worldwide. Mobile apps show great potential for diabetes
self-management education. However, there is limited evidence for the effectiveness of providing general diabetes education
through mobile apps.

Objective: The aim of this study was to clarify the effectiveness of Lilly Connected Care Program (LCCP) app-based diabetes
education for glycemic control.

Methods: This retrospective cohort study included patients with diabetes recruited to the LCCP platform from September 1,
2018, to May 31, 2019. Each patient was followed for 12 weeks. According to the number of diabetes education courses they
had completed, the patients were divided into the following three groups: group A (0-4 courses), group B (5-29 courses), and
group C (≥30 courses). The main outcomes were the change in blood glucose at the 12th week compared with baseline and the
differences in blood glucose at the 12th week among the three groups. The associations of the number of diabetes education
courses completed with the average blood glucose and frequency of self-monitoring of blood glucose (SMBG) at the 12th week
were assessed by multivariate linear regression analyses controlling for other confounding covariates. Univariate and multivariate
linear regression analyses were used to assess factors influencing patients’ engagement in the diabetes education courses.

Results: A total of 5011 participants were enrolled. Their mean fasting blood glucose (FBG) and postprandial blood glucose
(PBG) were significantly lower at the 12th week than at baseline (FBG, 7.46 [standard deviation (SD) 1.95] vs 7.79 [SD 2.18]
mmol/L, P<.001; PBG, 8.94 [SD 2.74] vs 9.53 [SD 2.81] mmol/L, P<.001). The groups that completed more diabetes education
courses had lower FBG (group B, β=−0.14, 95% CI −0.26 to −0.03; group C, β=−0.29, 95% CI −0.41 to −0.16; P for trend <.001)
and PBG (group B, β=−0.29, 95% CI −0.46 to −0.11; group C, β=−0.47, 95% CI −0.66 to −0.28; P for trend <.001) and a higher
frequency of SMBG at the 12th week (group B, β=1.17, 95% CI 0.81-1.53; group C, β=4.21, 95% CI 3.81-4.62; P for trend
<.001) when compared with the findings in group A. Age and education were related to patients’ engagement in the diabetes
education courses. Middle-aged patients (35-59 years old) and elderly patients (≥60 years old) completed more diabetes education
courses (middle-aged group, β=2.22, P=.01; elderly group, β=2.42, P=.02) than young patients (18-34 years old).
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Conclusions: LCCP app-based diabetes education is effective for glycemic control and SMBG behavior improvement in patients
with type 2 diabetes receiving insulin therapy. Young patients’ engagement in the education courses was relatively low. We need
to conduct in-depth interviews with users to further improve the curriculum.

(JMIR Mhealth Uhealth 2020;8(3):e17455)   doi:10.2196/17455
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diabetes mellitus; mobile app; diabetes self-management education; glycemic control

Introduction

Background
The prevalence of diabetes has been increasing worldwide [1,2].
It was estimated that there were 450 million adults with diabetes
in 2017, and this figure is likely to increase to 690 million by
2045 [3]. According to a national survey in 2010, the prevalence
of adult diabetes in China was 11.6%, representing more than
100 million adult patients with diabetes in China. Only 39.7%
of those treated had ideal glycemic control [4]. Poor glycemic
control can cause various complications, such as blindness,
renal failure, and myocardial infarction [5]. In 2017,
approximately 5 million adults died of diabetes [3]. In 2015,
the global cost for diabetes was estimated to be approximately
US $1.31 trillion [6].

Diabetes self-management and education are the cornerstones
for diabetes management [7]. Studies have revealed that diabetes
self-management education can help patients improve their
glycemic control and self-management ability [8-10]. Diabetes
guidelines also emphasize the importance of diabetes education
[11,12]. In China, diabetes education traditionally takes the
forms of group education classes in hospitals and individualized
education in outpatient clinics. However, some patients do not
have information on such classes, and it is inconvenient for
them to take those classes because of distance and time
constraints [13]. In addition, because medical resources in China
are imbalanced, qualified diabetes educators are in short supply
in rural areas. It may be difficult to provide high-quality diabetes
education courses in primary hospitals [14]. Additionally,
doctors from tertiary hospitals are overloaded with work and
have limited time [15]. Outpatient consultations usually last
only a few minutes. Patients receive little diabetes
self-management knowledge in such a limited time [15]. Many
patients with diabetes in China have not received any form of
diabetes self-management education [16,17], and most Chinese
patients with diabetes having poor glycemic control lack the
ability to self-manage their diabetes [18].

Internet diabetes education is a potential way to overcome the
barriers of distance, limited access, and short supply of qualified
diabetes educators. Studies have also shown that internet-based
diabetes education can improve glycemic control among patients
with diabetes [19]. Mobile apps can receive and transmit
information at any time and place. Compared with computers,
mobile phones are easier to carry and easier to operate for the
elderly [20]. With the popularity of smart phones, mobile apps
have great potential for diabetes management. Many diabetes
management apps provide general diabetes education for patients
[21,22], and qualitative research has shown that for patients,
gaining diabetes knowledge through mobile apps is more

acceptable than receiving diabetes education classes in hospitals
[23]. Studies have also suggested that diabetes management
apps are beneficial for glycemic control and the
self-management ability of patients with diabetes [24,25].
However, most studies have examined a mixture of remote
monitoring, diabetes education, feedback from health care
professionals, automatic feedback according to artificial
intelligence, etc [21,26]. It is difficult to determine the functions
of each feature [25,27,28]. Although feedback from health care
professionals is important for the effectiveness of diabetes
management apps [24,29,30], health care professionals are short
on resources, and it is difficult to maintain their enthusiasm for
using apps to manage patients, which are costly, without
subsidies.

General diabetes education provided on mobile apps to patients
with diabetes can make up for the shortage of diabetes educators
to a certain degree. However, there is limited evidence that
general diabetes education through mobile apps is effective for
glycemic control among patients with diabetes. Studies have
shown that the usage of diabetes apps varies across patients
with different ages, education levels, and disease durations
[31-33]. However, among patients who have already used apps
to increase their diabetes knowledge, there is no relevant report
on the difference in engagement across patients. Previous studies
involving diabetes management apps were mostly randomized
controlled trials with small samples. There is little real-world
research on the effectiveness of diabetes management apps
based on a large sample.

The Lilly Connected Care Program (LCCP) is a national diabetes
care and support program that aims to improve diabetes
management through internet technology and smart blood
glucose monitoring devices with mobile communication for
diabetes education and services in China. The LCCP is delivered
via its official account on China’s largest social app WeChat.
Patients can record their blood glucose levels, view their
historical blood glucose records, and engage in diabetes
education courses on the LCCP platform.

Objectives
The aim of this study was to clarify the effectiveness of the
LCCP app-based diabetes education program for glycemic
control among patients with diabetes treated with insulin and
to understand the factors associated with patients’ engagement
in diabetes education on the LCCP platform.
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Methods

Design and Sample
This was a retrospective cohort study that included patients with
diabetes recruited to the LCCP platform from September 1,
2018, to May 31, 2019. Randomly selected outpatients with
diabetes receiving insulin therapy (with or without oral
hypoglycemic agents) from most major cities of 31 provinces
in mainland China were encouraged by their physicians to
register on the LCCP platform without any financial incentives.
After informed consent was obtained, patient demographic
information, such as gender, age, education, type of diabetes,
insulin regimen, and duration of diabetes, was collected. Each
patient was followed up for 12 weeks. Eligible participants were
patients with fasting blood glucose (FBG) and postprandial
blood glucose (PBG) records on the platform at least once a
week at week 1 and week 12. Patients with type 1 diabetes,
patients aged <18 years, and patients with missing data on
gender, age, education, and duration of diabetes were excluded
from the study.

Intervention
There are 60 diabetes education courses on the LCCP platform.
Patients can choose the education courses of interest on the
LCCP platform to learn. Each course includes 1-5 sections, and
each section takes 5-10 minutes to complete. The courses are
presented in the form of audio and text. There is a small quiz
after the completion of each section to test and consolidate
patients’ diabetes knowledge. Only when all the questions are
answered correctly can the patient view the next section.
Completing all 60 courses requires about 13 hours in total. The
courses on the LCCP platform were created by experts in
accordance with the standards of medical care for type 2 diabetes
in China [12]. The courses cover patients’ self-care behaviors
according to the American Association of Diabetes Educators
7 Standard of Care [34], including eating healthy, being active,
monitoring glucose, taking medications, solving problems,
coping in healthy ways, and reducing risks. These courses enable
patients to fully understand the necessity of glycemic control
and the harm of diabetic complications. In addition to providing
knowledge, self-management behavior change strategies are
included (see Multimedia Appendix 1 for more details).

Outcome Measurements
Recruited patients were provided with a blood glucose
monitoring kit that included a free intelligent glucometer and
test strips. Self-monitoring of finger-prick capillary blood
glucose was tested according to the glucose dehydrogenase
method using an intelligent glucometer (Bionime Biotechnology
[Ping Tan] Co, Ltd, Fuzhou City, China). The patients were
taught to measure their FBG and PPG correctly to reduce subject
bias. Data regarding patients’ self-monitoring of blood glucose
(SMBG) was automatically uploaded to the app platform
through mobile 3G signals. The coefficient of variation of the
measurement was below 5%, and the accuracy was in
accordance with ISO 15197:2013 [35]. The baseline FBG and
PBG were defined as the mean FBG and the mean PBG at the
first week after recruitment. According to the number of diabetes
education courses completed, the patients were divided into the

following three groups: group A (0-4 courses), group B (5-29
courses), and group C (≥30 courses). Because the number of
patients who did not complete any education courses was very
small, we grouped the patients who completed 0 to 4 courses
into one group and considered these patients as having the least
engagement in the diabetes education courses. The remaining
patients were divided into two groups according to whether they
completed more than half of the total courses. The main
outcomes were the change in the mean FBG and mean PBG at
the 12th week compared with baseline and the difference in the
mean FBG and mean PBG at the 12th week among the three
groups. The secondary outcomes were the relationships between
the number of diabetes education courses completed and the
frequency of SMBG, as well as the factors associated with
patients’ engagement in the diabetes education courses. We
defined patients’ engagement in the diabetes education courses
as the number of diabetes education courses that the patients
completed.

Ethics
All patients provided written informed consent when recruited
to the LCCP platform. This study was approved by the ethics
committee of the Second Xiangya Hospital, Central South
University.

Statistical Analysis
All continuous variables with a normal distribution are presented
as means (standard deviations [SDs]). Variables with a
nonnormal distribution are presented as medians (IQRs).
Categorical variables are presented as the frequency (number
of cases [n]) and percentage (%) of total study patients. A paired
t-test was used to assess the change in blood glucose from
baseline to week 12. For intragroup comparisons, an analysis
of variance (ANOVA) test was used. The associations of the
number of diabetes education courses completed with the
average blood glucose and SMBG at the 12th week were
assessed using multivariate linear regression analysis while
controlling for other confounding covariates. To evaluate linear
trends, we entered the median level of the diabetes education
courses completed by category into the model as a continuous
variable [36-38]. Univariate and multivariate linear regression
analyses were used to assess the factors influencing patients’
engagement in the diabetes education courses. Statistical
analyses were performed using SAS 9.4 software (SAS Institute,
Cary, North Carolina) via SAS Enterprise Guide version 7.1.
A P value and P for trend ≤.05 were considered statistically
significant.

Results

Patient Characteristics
From September 1, 2018, to May 31, 2019, a total of 5011
patients with type 2 diabetes who were older than 18 years and
were receiving insulin therapy were enrolled in the study. The
patient inclusion flow chart is shown in Figure 1. The sample
was recruited from 31 provinces across China. Among the 5011
patients, 56.02% (2807/5011) were male, and the median age
was 52.0 years (IQR 43.0-60.0 years). The median duration of

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17455 | p.170https://mhealth.jmir.org/2020/3/e17455
(page number not for citation purposes)

Zhang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


diabetes was 2.25 years (IQR 0.08-9.50 years). Patient
characteristics at baseline are shown in Table 1.

Effect on Glycemic Control
The mean FBG at baseline was 7.79 (SD 2.18) mmol/L, and
the mean PBG was 9.53 (SD 2.81) mmol/L. The mean FBG
and PBG of the patients were significantly lower at the 12th
week than at baseline (FBG, 7.46 [SD 1.95] vs 7.79 [SD 2.18]

mmol/L, P<.001; PBG, 8.94 [SD 2.74] vs 9.53 [SD 2.81]
mmol/L, P<.001). Among the patients, 63.10% (3162/5011)
had poor baseline glycemic control (FBG ≥7 mmol/L or PBG
≥11 mmol/L). Among the patients with poor baseline blood
glucose values, both FBG and PBG at the 12th week were
significantly decreased from baseline (FBG, 8.02 [SD 2.04] vs
8.83 [SD 2.07] mmol/L, P<.001; PBG, 9.48 [SD 2.93] vs 10.52
[SD 2.93] mmol/L, P<.001).

Figure 1. The patient inclusion flow chart. FBG: fasting blood glucose; LCCP: Lilly Connected Care Program; PBG: postprandial blood glucose.
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Table 1. Patient characteristics at baseline (N=5011).

ValueaVariable

2.25 (0.08-9.50)Duration of diabetes (years)

52.0 (43.0-60.0)Age (years)

Age group (years)

480 (9.58)18-34

3157 (63.00)35-59

1374 (27.42)≥60

Gender

2807 (56.02)Male

2204 (43.98)Female

Education

1372 (27.38)Junior middle school or below

1644 (32.81)High school

1995 (39.81)College or above

Insulin regimen

3909 (78.0)Premixed insulin

1102 (21.99)Fast-acting insulin (with/without long-acting insulin)

Region

963 (19.22)Northeast China

972 (19.40)North China

1395 (27.84)East China

400 (7.98)South China

733 (14.63)Central China

248 (4.95)Northwest China

300 (5.99)Southwest China

aContinuous data are presented as medians (interquartile ranges), and categorical data are presented as n (%).

According to the number of diabetes education courses
completed, the patients were divided into the following three
groups: group A (0-4 courses), group B (5-29 courses), and
group C (≥30 courses). The mean FBG and PBG of each group
decreased compared with baseline (all P<.001; Table 2).

Among the three groups, the mean FBG and PBG were lower
in group C than in group B and group A at the 12th week (FBG,
7.28 [SD 1.87] vs 7.44 [SD 1.91] vs 7.67 [SD 2.08] mmol/L,
P<.001; PBG, 8.70 [SD 2.54] vs 8.91 [SD 2.65] vs 9.26 [SD
3.06] mmol/L, P<.001). After adjusting for multiple confounding
factors, including gender, age, education, duration of diabetes,

baseline insulin regimen, and baseline FBG and PBG,
multivariate linear regression analysis showed that the number
of diabetes education courses completed was still related to both
FBG and PBG (Table 3). Patients in groups B and C, who
completed more diabetes education courses, had lower mean
FBG (group B, β=−0.14, 95% CI −0.26 to −0.03; group C,
β=−0.29, 95% CI −0.41 to −0.16; P for trend <.001) and PBG
at the 12th week (group B, β=−0.29, 95% CI −0.46 to −0.11;
group C, β=−0.47, 95% CI −0.66 to −0.28; P for trend <.001)
compared with the findings for patients in group A (the lowest
number of diabetes education courses completed).
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Table 2. Comparison of mean blood glucose at week 12 and baseline.

P valuePBG (mmol/L),
mean (SD)

Baseline PBGb

(mmol/L), mean (SD)

P valueFBG (mmol/L),
mean (SD)

Baseline FBGa

(mmol/L), mean (SD)

Participants, n (%)Group

<.0018.94 (2.74)9.53 (2.81)<.0017.46 (1.95)7.79 (2.18)5011 (100)Total

<.0019.26 (3.06)9.64 (3.08)<.0017.67 (2.08)7.93 (2.26)1328 (26.5)Group A

<.0018.91 (2.65)9.56 (2.75)<.0017.44 (1.91)7.76 (2.15)2258 (45.1)Group B

<.0018.70 (2.54)9.37 (2.64)<.0017.28 (1.87)7.69 (2.15)1425 (28.4)Group C

aFBG: fasting blood glucose.
bPBG: postprandial blood glucose.

Table 3. The relationship between mean blood glucose at the 12th week and the number of diabetes education courses completed according to linear
regression analysis.

Adjusted modelaCrude modelOutcome and group

P value for trendP valueβ (95% CI)P value for trendP valueβ (95% CI)

FBGb (12th week)

<.001——<.001——dGroup Ac

.01−0.14 (−0.26 to −0.03)<.001−0.23 (−0.36 to −0.10)Group B

<.001−0.29 (−0.41 to −0.16)<.001−0.39 (−0.54 to −0.25)Group C

PBGe (12th week)

<.001——<.001——Group Ac

.001−0.29 (−0.46 to −0.11)<.001−0.34 (−0.53 to −0.16)Group B

<.001−0.47 (−0.66 to −0.28)<.001−0.56 (−0.76 to −0.35)Group C

aAdjusted for gender, age, education, duration of diabetes, baseline insulin regimen, and baseline FBG and PBG.
bFBG: fasting blood glucose.
cReference group.
dNot applicable.
ePBG: postprandial blood glucose.

Effect on Self-Monitoring of Blood Glucose Behavior
The mean frequency of SMBG at the 12th week was 7.95 (SD
5.79) times per week. Among the three groups, the frequency
of SMBG was higher in group C than in group B and group A
at the 12th week (10.97 [SD 7.06] vs 7.39 [SD 4.92] vs 5.67
[SD 4.00] times per week, P<.001). After adjusting for multiple
confounding factors, including gender, age, education, duration
of diabetes, baseline FBG and PBG, and baseline SMBG

frequency, multivariate linear regression analysis showed that
the number of diabetes education courses that patients completed
was still related to the frequency of SMBG at the 12th week
(Table 4). Patients in groups B and C, who completed more
diabetes education courses, had higher frequencies of SMBG
at the 12th week (group B, β=1.17, 95% CI 0.81-1.53; group
C, β=4.21, 95% CI 3.81-4.62; P for trend <.001) compared with
the findings for patients in group A (the lowest number of
diabetes education courses completed).
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Table 4. The relationship between self-monitoring of blood glucose frequency at the 12th week and the number of diabetes education courses completed
according to linear regression analysis.

Adjusted modelbCrude modelSMBGa frequency (times per
week), mean (SD)

Group

P value for trendP valueβ (95% CI)P value for trendP valueβ (95% CI)

<.001——<.001——d5.67 (4.01)Group Ac

<.0011.17 (0.81-1.53)<.0011.72 (1.35-2.09)7.39 (4.92)Group B

<.0014.21 (3.81-4.62)<.0015.30 (4.9-5.71)10.97 (7.06)Group C

aSMBG: self-monitoring of blood glucose.
bAdjusted for gender, age, education level, duration of diabetes, baseline SMBG frequency, fasting blood glucose, and postprandial blood glucose.
cReference group.
dNot applicable.

Factors Influencing Engagement
The median number of diabetes education courses completed
in 12 weeks was 14 (IQR 4-33). Univariate linear regression
analysis showed that age (middle-aged patients, β=2.29, P=.01;
elderly patients, β=2.72, P=.005), education (high school,
β=1.40, P=.04), and baseline FBG (β=−0.27, P=.02) and PBG
(β=−0.21, P=.02) were related to the number of diabetes
education courses completed. Gender (P=.24) and duration of
diabetes (P=.10) did not show such an association. After mutual
adjustment by multivariate linear regression, the age and

education level of patients were still related to the number of
diabetes education courses completed (Table 5). Compared with
young patients (18-34 years old), middle-aged patients (35-59
years old) and elderly patients (≥60 years old) completed more
diabetes education courses (middle-aged group, β=2.22, P=.01;
elderly group, β=2.42, P=.02). Compared with patients having
a junior middle school education or below, the number of
diabetes education courses completed was higher among patients
having a high school education (β=1.46, P=.03) but was not
significantly different among patients having a college education
or above (P=.98).

Table 5. Factors associated with the number of diabetes education courses completed according to linear regression analysis.

P valueMultivariate modelP valueUnivariate modelVariables

β (95% CI)β (95% CI)

Gender

————bMalea

.240.61 (−0.41 to 1.62).240.60 (−0.40 to 1.61)Female

Age (years)

————18-34a

.012.22 (0.46 to 3.98).012.29 (0.55 to 4.03)35-59

.022.42 (0.43 to 4.41).0052.72 (0.84 to 4.60)≥60

Education

————Junior middle school or belowa

.031.46 (0.16 to 2.75).041.40 (0.10 to 2.70)High school

.98−0.02 (−1.28 to 1.24).68−0.26 (−1.51 to 0.98)College or above

.150.05 (−0.02 to 0.12).100.06 (−0.01 to 0.12)Duration of diabetes

.11−0.22 (−0.49 to 0.05).02−0.27 (−0.50 to −0.04)Baseline FBGc

.10−0.18 (−0.38 to 0.03).02−0.21 (−0.39 to −0.03)Baseline PBGd

aReference group.
bNot applicable.
cFBG: fasting blood glucose.
dPBG: postprandial blood glucose.
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Discussion

Principal Findings
Diabetes management apps are beneficial for glycemic control
in patients with diabetes. However, the results of different
studies showed great heterogeneity, which might be related to
the different features of apps. Most studies examined a mixture
of telemonitoring, education, feedback, and other functions. It
was not clear which function played a role [27]. A study by
Dong et al found that health education via WeChat in
conjunction with conventional diabetes treatment could improve
glycemic control in patients with type 2 diabetes. Because the
intervention was not blinded, a certain degree of collaborative
intervention might exist [39]. Our study showed that diabetes
education courses on the mobile app-based LCCP platform were
helpful for improving glycemic control in patients with diabetes
treated with insulin. After 3 months of obtaining diabetes
self-management knowledge on the LCCP platform, both the
FBG and PBG of patients decreased.

The use frequency of diabetes management apps varies across
different patients. Most studies did not explore the effect of app
use frequency on glycemic control. A study by Agarwal et al
found that a diabetes management app did not affect patients’
diabetes management. A possible reason was the low use of the
app among participants [40]. Vehi et al found a relevant effect
of a diabetes management app on blood glucose, independent
of the use frequency [41]. By recording the number of diabetes
education courses that the patients completed, our study found
that completion of more diabetes education courses by patients
was associated with more improvement in their glycemic
control. Previous studies showed that the effect of diabetes
education was related to age, duration of diabetes, and education
level [7,42]. After adjusting for multiple confounding factors,
including gender, age, education, duration of diabetes, baseline
insulin regimen, and baseline FBG and PBG, the number of
diabetes education courses that the patients completed was still
related to their glycemic control. A systematic review showed
that diabetes self-management education can improve the
glycemic control of patients, and the effect was higher for
interventions that offered more than 10 contact hours [43]. This
finding is consistent with our finding. A qualitative study found
that existing diabetes education programs may not adequately
meet all the needs of patients with type 2 diabetes [44]. Offline
diabetes education classes need diabetes educator resources,
and there are many barriers preventing patients from taking
education classes in hospitals regularly [13,45]. No in-person
diabetes education was provided in our study. Although
individualized diabetes education is emphasized [46], app-based
general diabetes education can save resources, is convenient
for patients, and is inexpensive. It can be used as a supplement
to traditional diabetes education and can mitigate the
deficiencies of traditional diabetes education to some extent.

By comparing the frequency of SMBG in patients with different
numbers of diabetes education courses completed, we found
that the frequency of SMBG was related to the completion of
diabetes education courses. After adjusting for multiple
confounding factors, we found that completion of more diabetes

education courses by patients was associated with a higher
frequency of SMBG. Although the role of SMBG is
controversial in patients with type 2 diabetes treated with oral
agents, SMBG in patients with type 2 diabetes treated with
insulin is very important; it is useful for adjusting insulin dosage,
guiding nutrition therapy and physical activity, and preventing
hypoglycemia [11,47]. The difference in the glycemic control
improvement of patients with different numbers of diabetes
education courses completed may partly be related to differences
in their SMBG behavior. However, to be useful, SMBG
information needs to be integrated with patients’ clinical and
self-management plans [47]. Therefore, if blood glucose
monitoring data on the app platform are supplemented with
feedback from health care professionals, the effect of the app
might be stronger.

Previous studies showed that diabetes education can improve
patients’ glycemic control and self-management behaviors
[7,10,48]. According to the health belief model and extended
unified theory of acceptance and use of technology, patients’
belief in health risk and perceived usefulness can predict the
likelihood of their engagement in health behaviors [49]. The
diabetes education courses on the LCCP platform emphasize
the necessity of glycemic control and the harm of diabetes
complications. After completing the courses, patients might
realize the harm of diabetes and the usefulness of glycemic
control and improve their self-care behaviors. Strategies for
improving self-management behaviors are also provided in the
LCCP education courses. These might be the possible
mechanisms by which the educational content on the LCCP
platform led to behavior changes and glycemic control
improvement.

Our study not only identified the effect of diabetes education
courses but also analyzed the factors influencing patients’
engagement in these courses. We found that patients’ age and
education were related to their engagement in diabetes education
courses. A previous study found that women and patients with
a higher education status were more willing to participate in
offline diabetes education than men and patients with a lower
education status [50]. However, our study did not find gender
differences. Previous studies found that health app usage was
higher in younger patients than in older patients [51,52].
However, our study found that among patients who had already
used the app, middle-aged and elderly patients were more
involved than younger patients. The reasons for refusing to
participate in diabetes education include good overall wellbeing
and individuals’ sense that they can manage their disease and
that they have sufficient knowledge [7]. Our previous study
found that effort expectancy had only a slight effect on patients’
willingness to use diabetes apps [53]. With the widespread use
of smart phones among the elderly, they may not experience
difficulty operating such apps. Additionally, young patients
may have less time to learn because they may have to work,
may have other channels through which to gain diabetes
knowledge, or may have a higher self-efficacy in diabetes
management, which may explain why they engaged less in
diabetes education courses on the app. Perceived usefulness is
the most important determinant of patients’ intention to use
diabetes apps [54]. We should conduct in-depth interviews with
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users to further identify the factors that affect patients’perceived
usefulness of the education courses to further improve the
curriculum.

Strengths and Limitations
Most studies on the effectiveness of diabetes apps and diabetes
education programs were not blinded randomized controlled
trials and had small samples. A certain degree of performance
bias might be unavoidable. Our study was based on real-world
data with a large sample. By comparing the differences in
glycemic control between patients with different engagement
levels in diabetes education courses, we found that diabetes
education on the app platform was effective in diabetes
management among patients with type 2 diabetes treated with
insulin.

However, our study had several limitations. First, our
observation period was short. The long-term effect of diabetes
education provided through the app needs to be further
investigated, and future studies could adopt glycosylated
hemoglobin as an indicator of blood glucose levels. In addition,
we did not collect other information, such as rural or urban

residence, social-economic status, and chronic complications.
These factors may have some impact on glycemic control and
patients’ participation in diabetes education courses. Finally,
we found that the LCCP app-based diabetes education was
associated with improvement in glycemic control, but it was
unclear whether the improvement in glycemic control was due
to improvements in patients’ self-management behaviors.
Self-management behaviors include a healthy diet, regular
physical activity, SMBG, and medication adherence [34]. Our
study observed improvements only in SMBG behavior;
improvements in diet and exercise behaviors and drug
compliance need to be further investigated.

Conclusions
LCCP app-based diabetes education is effective for glycemic
control and improvement in SMBG behavior among patients
with type 2 diabetes receiving insulin therapy. Young patients’
engagement in these education courses is relatively low. We
need to conduct in-depth interviews with users to identify the
factors that affect patients’perceived usefulness of the education
courses to further improve the curriculum.
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Abstract

Background: Mobile-based interventions appear to be promising in ameliorating huge burdens experienced by patients with
type 2 diabetes. However, it is unclear how effective mobile-based interventions are in glycemic management of patients with
type 2 diabetes based on real-world evidence.

Objective: This study aimed to evaluate the effectiveness of a mobile-based intervention on glycemic control in patients with
type 2 diabetes based on real-world population data.

Methods: This retrospective, propensity score-matched cohort study analyzed longitudinal data from a clinical electronic health
database. The study population included 37,913 patients with type 2 diabetes at cohort entry between October 1, 2016, and July
31, 2018. A total of 2400 patients were matched 1:1, using propensity score matching, into the usual care and mobile health
(mHealth) groups. The primary outcomes of glycemic control included control rates of glycated hemoglobin (HbA1c), fasting
blood glucose (FBG), and postprandial 2-hour blood glucose (P2BG). Mean values and variation trends of difference with 95%
CI were the secondary outcomes. The general linear model was used to calculate repeated-measures analyses of variance to
examine the differences between the two groups. Subgroup and sensitivity analyses were performed.

Results: Of the 2400 patients included in the analysis, 1440 (60.00%) were male and the mean age was 52.24 years (SD 11.56).
At baseline, the control rates of HbA1c, FBG, and P2BG in the mHealth and usual care groups were 45.75% versus 47.00%
(P=.57), 38.03% versus 32.76% (P=.07), and 47.32% versus 47.89% (P=.83), respectively. At the 3-, 6-, 9-, and 12-month
follow-ups, the mHealth group reported higher control rates of HbA1c than did the usual care group: 69.97% versus 46.06%
(P<.001), 71.89% versus 61.24% (P=.004), 75.38% versus 53.44% (P<.001), and 72.31% versus 46.70% (P<.001), respectively.
At the four follow-up sessions, the control rates of FBG in the mHealth and usual care groups were statistically different: 59.24%
versus 34.21% (P<.001), 56.61% versus 35.14% (P<.001), 59.54% versus 34.99% (P<.001), and 59.77% versus 32.83% (P<.001),
respectively. At the four follow-up sessions, the control rates of P2BG in the mHealth group were statistically higher than in the
usual care group: 79.72% versus 48.75% (P<.001), 80.20% versus 57.45% (P<.001), 81.97% versus 54.07% (P<.001), and
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76.19% versus 54.21% (P=.001), respectively. At the four follow-up sessions, the percentages of HbA1c reduction in the mHealth
group were 8.66% (95% CI 6.69-10.63), 10.60% (95% CI 8.66-12.54), 10.64% (95% CI 8.70-12.58), and 8.11% (95% CI
6.08-10.14), respectively. At the four follow-up sessions, the percentages of P2BG reduction in the mHealth group were 8.44%
(95% CI 7.41-10.73), 17.77% (95% CI 14.98-20.23), 16.23% (95% CI 13.05-19.35), and 16.91% (95% CI 13.17-19.84),
respectively. Starting from the sixth month, the mean HbA1c and P2BG values in the two groups increased slightly.

Conclusions: This mobile-based intervention delivered by a multidisciplinary team can better improve glycemic control rates
of patients with type 2 diabetes than usual care. These effects were best sustained within the first 6 months. Starting from the
sixth month, intensive management needs to be conducted to maintain long-term effectiveness of the mobile-based intervention.

(JMIR Mhealth Uhealth 2020;8(3):e15390)   doi:10.2196/15390

KEYWORDS

mobile health; glycemic control; type 2 diabetes; propensity score matching

Introduction

The number of adults with diabetes worldwide increased from
108 million to 422 million between 1980 and 2014 [1], with a
projected increase to 642 million by 2040 [2]. In China, the
overall prevalence of diabetes in the adult population was
estimated to be 11.6% in 2010 and was less than 1.0% in 1980
[3]. Patients with type 2 diabetes mellitus account for 90%-95%
of those with diabetes [4]. Diabetes not only results in blindness,
cardiovascular disease, kidney failure, and other long-term
consequences that substantially impact quality of life and years
of life lived with disability [5,6], but also increases the risk of
cancer and all-cause mortality [7-11]. Therefore, the prevention
and control of diabetes is becoming more and more important.

For people with diabetes, a series of cost-effective interventions
can improve their health outcomes, regardless of what type of
diabetes they may have [12-17]. These interventions mainly
include glycemic control, combined with diet, physical activity,
and, if necessary, medication; control of blood pressure and
lipids to reduce cardiovascular risk and other complications;
and regular screening for damage to the eyes, kidneys, and feet
to facilitate early treatment [12,13]. Glycemic control through
quarterly physician visits with measurements of glycated
hemoglobin (HbA1c), fasting blood glucose (FBG), and
postprandial 2-hour blood glucose (P2BG) were recommended
in professional treatment guidelines [14]. In addition, health
education, counseling, self-management, and consistent
follow-up were also important for people with diabetes [15-17].
Therefore, people with diabetes require access to systematic,
ongoing, and organized care delivered by a multidisciplinary
team of skilled health care providers.

Mobile health (mHealth), which is defined as the use of mobile
and wireless technologies for health (ie, mobile phones or sensor
technologies), aims to capitalize on the rapid uptake of
information and communication technologies to improve health
system efficiency and health outcomes [18-20]. This includes
simple apps and complex technologies, including voice, text
messaging (ie, short message service), multimedia message
service, Bluetooth technology, and others [21]. These advances,
combined with changing patient attitudes toward self-testing,
as well as an increased interest in wearable biosensors, are
enticing health care providers to shift toward the paradigm of
P4 medicine: predictive, pre-emptive, personalized, and

participatory [22]. The characteristics of mobility, instantaneous
access, and direct communication of mHealth allow for faster
transfer of health information, which in turn supports patient
management. mHealth is a promising tool for delivering
interventions designed to promote lifestyle management of
patients with type 2 diabetes. Use of mHealth often includes
the possibility of sharing data between health professionals and
their patients with diabetes, which could enhance the support
to improve their self-management [23,24]. Successful use of
mHealth technology requires an active user and cooperation
among health professionals [25]. That is, the technology’s
effectiveness is often determined by the way in which it is
provided to patients or practitioners, how it is supported or
taught, and how mHealth technology is added to clinical work
or daily life [26].

Previous studies have shown that mobile-based interventions
developed for diabetes holistic management have some effects
[23-25,27,28]. A systematic review included a meta-analysis
of 14 randomized trials aiming to investigate the effect of apps
on HbA1c in the self-management of diabetes; these studies
showed that the mean reduction in HbA1c among participants
using an app compared with control group participants was

0.49% (95% CI 0.30-0.68; I2=10%) [23]. Another systematic
review of high-quality review articles and meta-analysis, which
focused on utilizing technology in diabetes self-management
education and support services, found that technology-enabled
diabetes self-management solutions significantly improved
HbA1c and four key elements emerged as essential for improved
HbA1c: (1) communication, (2) patient-generated health data,
(3) education, and (4) feedback [24]. Although the majority of
these interventions showed improvement on primary endpoints
[25,27,28], whether results will drive substantial clinical
adoption is unknown because small studies, even if randomized,
are unlikely to be significantly powered to demonstrate
meaningful real-world effects [20]. Therefore, real-world
evidence and performance data of mobile-based interventions
are needed to demonstrate value or motivate stakeholder
adoption.

Based on real-world population data from a clinical electronic
health database, this study aimed to evaluate the effectiveness
of a mobile-based intervention on glycemic control in patients
with type 2 diabetes and to explore the change in trends of
glycemic parameters in the short and long term.
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Methods

Study Design
We conducted a retrospective, propensity score-matched cohort
study using electronic health data from a clinical database in
Tianjin, China. This clinical database was established in June
2014. The database contained longitudinal outpatient records
of patients in five primary care practices and one tertiary care

hospital specializing in diabetes, including their demographics,
primary and secondary diagnoses, and clinical examination
results.

Cohort Selection
The study cohort included 37,913 patients with type 2 diabetes
who were registered in this clinical database between October
1, 2016, and July 31, 2018. The flowchart for cohort selection
is shown in Figure 1.

Figure 1. Flowchart for cohort selection. GDM: gestational diabetes mellitus; T1DM: type 1 diabetes mellitus.

All of the patients who were registered in the clinical database
between October 1, 2016, and July 31, 2018, were included in
our source population. In the end, we identified 39,011
individuals with 1,793,841 records from the clinical database.
The unique ID numbers were used to identify the records of the
patients with different outpatient numbers in different clinical
settings. Using Microsoft Visual Basic 6.0, we developed
sophisticated applications to extract and filter these data. After
source population selection, the following exclusion criteria
were applied: (1) prediabetes, (2) type 1 diabetes, (3) gestational
diabetes, (4) special type of diabetes, (5) patients without
diabetes, (6) patients without diagnosis, and (7) data records
with data inconsistencies. Finally, we identified 37,913 patients
with type 2 diabetes.

This unmatched cohort was divided into two groups, including
the usual care group (n=36,670) and the mHealth group

(n=1243). This was an observational study originating from the
real world with no constraints on the cohort entry of participants
in either group.

Interventions
The usual care group received standard medical care for patients
with type 2 diabetes. Every 3 months, patients in this group
underwent regular reviews to re-examine HbA1c, FBG, and
P2BG levels. These lab examination results were considered as
evidence to support doctors’ decisions to adjust medications.
Meanwhile, patients in this group received routine health
education at each session.

In addition to usual care, the mHealth group received a
mobile-based intervention, which was continuous, real-time,
personalized health care delivered by a multidisciplinary team
consisting of doctors, nurses, health educators, and dietitians.
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This mobile-based intervention was based on a unified diabetes
care system, which consisted of a mobile app, smart wearable
medical devices (eg, wireless glucose monitor, wireless blood
pressure monitor, pulse oximeter, and body composition scale),
a Web platform, and a data-sharing cloud platform. Patients
with type 2 diabetes in the mHealth group followed new flows
in the clinical settings (see Multimedia Appendix 1). Patients’
management and education in the mHealth group extended from
the clinic to home. They used the wireless glucose monitors
and app to perform glucose checks at home. When they
experienced hypoglycemia or hyperglycemia, the app could
provide tips to help them regulate their glucose levels. Patients
also sent their results immediately to the support team about
what to do. The care team and the service support team members
would be notified when the patient was experiencing abnormal
glucose levels. They then phoned the patient to inquire about
their recent medication, diet, and exercise, and to help the patient
in analyzing possible reasons for the abnormal glucose level.
If necessary, they would invite the patient for further in-clinic
consultation or guide the patient to adjust their diet or exercise
by phone. Patients could also record their meals in the app and
get feedback from the service support team. According to an
image or a description of the food, the team would provide an
overall rating of the meal, comments on portion and nutrition,
and suggestions on how to do better. Patients could log their
exercise type and duration into the app. The service support
team created updated knowledge covering blood glucose, blood
pressure, food, fitness, oral medication, insulin, psychology,
and complications in the form of articles, videos, and attractive
posters. Patients had access to this educational information
whenever and wherever possible.

Outcome Definition
The primary outcomes were control rates of HbA1c, FBG, and
P2BG at baseline and at 3-, 6-, 9-, and 12-month follow-ups.
We identified the control rates according to guidelines for the
prevention and control of type 2 diabetes in China [29]. Control
objectives were defined as follows: (1) HbA1c <7%, (2) 4.4
mmol/L< FBG <7.0 mmol/L, and (3) P2BG <10 mmol/L. We
also considered mean values and variation trends of difference
(VTD) with 95% CI, separately, as secondary outcomes. The
formula for calculating VTD was as follows:

VTD = (Valuen - Valuebaseline)/Valuebaseline × 100%

where Valuen and Valuebaseline denoted the sample values of
HbA1c, FBG, and P2BG at n-month (n=3, 6, 9, and 12)
follow-up and baseline, respectively [30]. If VTD was positive,
it represented the percentage of increase; if VTD was negative,
it represented the percentage of reduction.

Covariates
Demographic and chronic disease covariates included sex, age,
comorbidity (ie, hyperlipidemia and hypertension), P2BG, FBG,
HbA1c, and low-density lipoprotein (LDL) cholesterol. App
use-related covariates included times of FBG and P2BG
self-testing, diet records, exercise records, and out-of-hospital
follow-up.

Statistical Analysis
To control for the nonrandom assignment of patients, a logistic
regression model that predicted the likelihood of being included
in the mHealth group was constructed and used as the propensity
score. Patients were then matched 1:1, using propensity score
matching, into the usual care group and mHealth group. We
selected all of the common available variables for two-group
matching [31], including sex, age group, comorbidity (ie,
hyperlipidemia and hypertension), HbA1c level, and LDL
cholesterol level. The propensity score-matching tolerance was
0.005. No replacement was allowed, and patients were matched
only once. Standardized differences with mirror histograms
before and after matching are shown in Figure 2 and Multimedia
Appendix 2. We evaluated the balances of matched covariates
with standardized differences [29] and considered differences
of less than 10% to be matched sufficiently [32,33].

We presented categorical variables as numbers (percentages)
and continuous variables as means (SDs) or 95% CIs, or as
medians (IQRs), as appropriate. Descriptive statistics were used
to analyze the patient demographics. Binary or categorical
outcome measures were analyzed using the chi-square test and
continuous measures were analyzed using the t test or a
nonparametric equivalent (eg, Wilcoxon rank test). We used
the general linear model to calculate repeated-measures analyses
of variance to examine mean differences of two groups at
baseline and at 3-, 6-, 9-, and 12-month follow-ups. Subgroup
analyses to explore the effects of this mobile-based intervention
in different patient subgroups were undertaken for the primary
and secondary outcomes. The subgroups, specified in the
statistical analysis, included patient demographics: sex, age
group, hyperlipidemia, and hypertension. The total proportion
of missing values at the 12-month follow-up was 12.3%. The
proportions of missing data at each data point were 4.5%
(3-month follow-up), 7.1% (6-month follow-up), and 9.5%
(9-month follow-up). Expectation maximization was used to
estimate the missing values of continuous variables. A sensitivity
analysis was performed by repeating our primary analysis but
excluding patients with hyperlipidemia or hypertension.

We determined statistical significance using a two-tailed P value
of less than .05. All of the statistical analyses were carried out
using SPSS Statistics for Windows, version 25.0 (IBM Corp).
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Figure 2. Mirror histograms. (A) Before match. (B) After match.

Results

Patient Demographics
Of the 39,011 patients, 37,913 met the selection criteria for
additional analysis (see Figure 1). In the unmatched cohort, the
proportion of male patients was 53.41% (20,248/37,913),
patients’ mean age was 57.94 years (SD 12.10), and 88.13% of
patients were 36-74 years of age. The proportion of patients
with hyperlipidemia was 20.52% (7779/37,913), and the
proportion of patients with hypertension was 8.11%
(3073/37,913). The mean HbA1c level was 7.86% (SD 1.25)
and the mean LDL cholesterol level was 3.37 mmol/L (SD
0.65). Table 1 shows the baseline demographics of patients with
type 2 diabetes in unmatched and propensity score-matched

cohorts. There were significant differences in demographics or
glycemic parameters between the usual care group and the
mHealth group.

A propensity score match was then performed and 2400 patients
were matched 1:1. After matching, covariates were well
balanced and we did not observe any significant differences
between groups (see Table 1). In the propensity score-matched
cohort, the proportion of male patients was 60.00% (1440/2400),
the mean age of patients was 52.24 years (SD 11.56), and
90.13% of patients were 36-74 years of age. A total of 48.54%
(1165/2400) of patients had a comorbidity of hyperlipidemia,
and 44.38% (1065/2400) of patients had a comorbidity of
hypertension. The mean HbA1c level was 7.76% (SD 1.39) and
the mean LDL cholesterol level was 3.27 mmol/L (SD 0.79).
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Table 1. Baseline demographics of patients with type 2 diabetes in unmatched and propensity score-matched cohorts.

Propensity score-matched cohortUnmatched cohortCharacteristic

Std
diff

P valueUsual care group
(n=1200)

mHealth
group
(n=1200)

Std diffaP valueUsual care group
(n=36,670)

mHealth group
(n=1243)

Sex, n (%)

3.80.15702 (58.50)738 (61.50)19.13<.00119,471 (53.10)777 (62.51)Male

498 (41.50)462 (38.50)17,199 (46.90)466 (37.49)Female

Age group (years), n (%)

7.31.0796 (8.00)73 (6.08)29.17<.0012086 (5.69)80 (6.44)≤35

0.40634 (52.83)631 (52.58)19.1015,914 (43.40)657 (52.85)36-59

1.67444 (37.00)454 (37.84)15.1016,379 (44.66)464 (37.33)60-74

7.7826 (2.17)42 (3.50)13.132291 (6.25)42 (3.38)≥75

Comorbidity, n (%)

7.00.09561 (46.75)604 (50.33)72.67<.0017132 (19.45)647 (52.05)Hyperlipidemia

5.80.16515 (42.92)550 (45.83)102.25<.0012480 (6.76)593 (47.71)Hypertension

Biochemical indicator, mean (SD)

9.35.267.70 (1.15)7.83 (1.60)3.16<.0017.86 (1.24)7.82 (1.60)HbA1c
b level (%)

5.06.713.25 (0.69)3.29 (0.88)15.10<.0013.38 (0.64)3.26 (0.88)LDLc cholesterol
(mmol/L)

aStd diff: standardized difference.
bHbA1c: glycated hemoglobin.
cLDL: low-density lipoprotein.

Until July 31, 2018, the total number of times of starting up the
app, self-monitoring of glycemic parameters, diet recording,
exercise recording, and out-of-hospital follow-ups were 80,129;
172,355; 17,860; 4464; and 5264, respectively; the median
follow-up time was 457 days.

Control Rates of Glycemic Parameters
At baseline, the control rates of HbA1c, FBG, and P2BG in the
mHealth and usual care groups were 45.75% versus 47.00%
(P=.57), 38.03% versus 32.76% (P=.07), and 47.32% versus
47.89% (P=.83), respectively. The control rates of HbA1c, FBG,
and P2BG in both groups at different follow-up sessions are
shown in Figure 3.

At the 3-, 6-, 9-, and 12-month follow-ups, the mHealth group
reported higher control rates of HbA1c than usual care, which
were 69.97% versus 46.06% (P<.001), 71.89% versus 61.24%

(P=.004), 75.38% versus 53.44% (P<.001), and 72.31% versus
46.70% (P<.001), respectively. Differences in the control rates
between the two groups at these four follow-up sessions were
23.91%, 10.65%, 21.94%, and 25.61%, respectively. At the
9-month follow-up, the mHealth group reported the highest
control rate of HbA1c, which was 75.38%.

Additionally, at the 3-, 6-, 9-, and 12-month follow-ups, the
control rates of FBG in the mHealth and usual care groups were
statistically different, which were 59.24% versus 34.21%
(P<.001), 56.61% versus 35.14% (P<.001), 59.54% versus
34.99% (P<.001), and 59.77% versus 32.83% (P<.001),
respectively. The control rates of P2BG in the mHealth group
were statistically higher than in the usual care group, which
were 79.72% versus 48.75% (P<.001), 80.20% versus 57.45%
(P<.001), 81.97% versus 54.07% (P<.001), and 76.19% versus
54.21% (P=.001), respectively.
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Figure 3. Control rates of glycated hemoglobin (HbA1c), fasting blood glucose (FBG), and postprandial 2-hour blood glucose (P2BG) in the mHealth
and usual care groups at different follow-up sessions.

Mean Values of Glycemic Parameters
Table 2 shows the effects of this mobile-based intervention on
glycemic parameters. The mean values of HbA1c, FBG, and
P2BG in the mHealth group were significantly lower than those
in the usual care group at the 3-, 6-, 9-, and 12-month follow-ups
(P<.01). The P values of the month factor were less than .001,
which meant that the HbA1c, FBG, and P2BG levels changed
with time. The group and month factors had interaction effects
in the mean values of HbA1c, FBG, and P2BG (P<.01), which
meant that the effect of the time factor varied with the group.
These results identified improved effects due to this
mobile-based intervention on changes of the HbA1c, FBG, and
P2BG mean values.

Multimedia Appendices 3-7 show that, compared with usual
care, at the 3-, 6-, 9-, and 12-month follow-ups, both sexes in
the mHealth group reported significantly lower mean values of
HbA1c, FBG, and P2BG (P<.05), although we did not observe
any significant differences in the P2BG mean values of female
participants between the two groups at the 12-month follow-up
(P=.20). Patients aged 36-74 years in the mHealth group had
steadily lower HbA1c, FBG, and P2BG mean values than those
in the usual care group (P<.05). No statistically significant
difference was observed in P2BG mean values of patients aged
36-59 years between the two groups at the 12-month follow-up
(P=.09). Patients younger than 35 or older than 75 years of age
in the mHealth group reported unstable variation trends of mean
values.
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Table 2. Effects of the mobile-based intervention on glycemic parameters.

P valueF months
× group

P valueF
groups

P valueF
months

Measurement sessionVariables and
group

12
months

9 months6 months3 monthsBaseline

HbA1c
a (%), mean (SD)

.0035.905.080.058<.00111.8226.75
(0.76)

6.44 (0.59)6.60 (0.61)6.70 (0.73)7.83 (1.60)mHealth
group

7.12
(0.64)

6.97 (0.63)6.82 (0.64)7.36 (1.17)7.70 (1.15)Usual
care
group

-9.657-19.922-18.592-20.382-1.123Z

<.001<.001<.001<.001.26P value

FBGb (mmol/L), mean (SD)

<.0015.762<.00116.425<.0019.6146.89
(1.52)

6.68 (1.49)6.74 (2.11)6.51 (1.27)8.34 (2.41)mHealth
group

8.47
(2.68)

8.38 (2.39)8.45 (2.45)8.53 (2.37)8.68 (2.34)Usual
care
group

-5.755-14.831-17.315-15.268-1.326Z

<.001<.001<.001<.001.20P value

P2BGc (mmol/L), mean (SD)

<.0017.193.0029.566<.00112.4248.29
(2.38)

7.89 (1.77)7.75 (1.90)8.03 (1.75)11.14
(4.40)

mHealth
group

9.97
(2.91)

9.93 (2.83)9.85 (2.56)9.99 (2.99)10.36
(2.94)

Usual
care
group

-3.149-16.243-20.921-23.995-1.575Z

.002<.001<.001<.001.12P value

aHbA1c: glycated hemoglobin.
bFBG: fasting blood glucose.
cP2BG: postprandial 2-hour blood glucose.

Variation Trends of Difference for Glycemic
Parameters
Figure 4 shows the variation trends of difference for glycemic
parameters between the two groups. At the 3-, 6-, 9-, and
12-month follow-ups, the percentages of HbA1c reduction in
mHealth group were 8.66% (95% CI 6.69-10.63), 10.60% (95%
CI 8.66-12.54), 10.64% (95% CI 8.70-12.58), and 8.11% (95%
CI 6.08-10.14), respectively; the percentages of P2BG reduction
in the mHealth group were 8.44% (95% CI 7.41-10.73), 17.77%

(95% CI 14.98-20.23), 16.23% (95% CI 13.05-19.35), and
16.91% (95% CI 13.17-19.84), respectively. Equally important
was that, after 6 months, the declines in HbA1c and P2BG of
the two groups decreased, whereas the mHealth group
experienced larger decreases in HbA1c and P2BG than the usual
care group. At the 3-month follow-up, the reduction of FBG in
the mHealth group was larger than in the usual care group
(4.83% vs 1.38%). However, starting from the sixth month, the
reductions of FBG in the usual care group were larger than in
the mHealth group.
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Figure 4. Variation trends of glycated hemoglobin (HbA1c), fasting blood glucose (FBG), and postprandial 2-hour blood glucose (P2BG) differences.

Sensitivity Analysis
We conducted sensitivity analysis, where we excluded 1587
patients with hyperlipidemia or hypertension. In the mHealth
group at the baseline and the four follow-up sessions, the control
rates of HbA1c were 36.57%, 72.77%, 76.92%, 80.00%, and
75.00%, respectively; the control rates of FBG were 44.44%,
65.79%, 65.74%, 59.38%, and 65.63%, respectively; and the
control rates of P2BG were 54.02%, 82.63%, 77.45%, 83.33%,
and 72.41%, respectively. There were no significant differences
between the sensitivity analysis and the primary analysis

(χ2=10.0 P=.35), so we presented only the results of the primary
analysis.

Discussion

Principal Findings
In this study, a total of 2400 patients with type 2 diabetes were
matched 1:1, using propensity score matching, into the usual
care and mHealth groups. A total of 60% of the patients were
male and more than half were 36-59 years of age. These
demographics were similar to the population in previous studies
[29,34]. Our results showed the improvement in control rates
of HbA1c, FBG, and P2BG for patients with type 2 diabetes in
the mHealth group compared with those in the usual care group.
These effects were best sustained within the first 6 months.
Starting from the sixth month, the mean HbA1c and P2BG values
in the two groups increased slightly.

Comparison With Prior Work
The role of glycemic control in preventing the development and
progression of complications has been proven in diabetes
[35-38], with an especially strong relationship identified between
intensive glycemic control and diabetic complications and
mortality. In general, a target HbA1c level of less than 7% is
optimal, according to diabetes guidelines [14]. Each 1% of mean
HbA1c value reduction has been associated with a 21% reduction
in the risk of diabetes-related complications [39]. A recent study
on the legacy effect of early glycemic control on future
complications in type 2 diabetes showed that, compared with
an HbA1c of less than 6.5% for the 0-1-year early exposure
period, HbA1c levels of 6.5% or higher were associated with
increased microvascular and macrovascular events, and
HbA1c levels of 7.0% or higher were associated with increased
mortality [40]. However, a recent meta-analysis demonstrated
that HbA1c target achievement is low, with a pooled average of

43% worldwide [41], both in primary and secondary care
settings. In 2013, among Chinese patients with diabetes, only
39.7% of those treated had adequate glycemic control [34]. The
reason for this low target achievement, despite the expanding
arsenal of glucose-lowering interventions, remains unclear [42].
Our study found that the control rates of HbA1c, FBG, and P2BG
in the mHealth group were higher than those in the usual care
group, which were much higher than the average level
worldwide [41]. These findings confirmed the effectiveness of
this mobile-based intervention on glycemic control in patients
with type 2 diabetes. Our study also found that at different
follow-up sessions, both sexes in the mHealth group reported
significantly lower mean values of HbA1c, FBG, and P2BG.
Patients aged 36-74 years in the mHealth group had steadily
lower HbA1c, FBG, and P2BG mean values than those in the
usual care group, and patients younger than 35 or older than 75
years old in the mHealth group reported unstable variation trends
of mean values. There may be many reasons for poor glycemic
control in patients older than 75 years of age in the mHealth
group, including decreased self-management ability, inadequate
exercise, irregular glycemic monitoring, and poor convenience
in using apps, among other reasons [21,23,43]. For patients
younger than 35 years old, the main reason may be poor
compliance of patients and insufficient understanding of the
importance of glycemic monitoring [24,25]. Especially for
young patients, poor parental health literacy is the main reason
[44,45].

However, some studies have found that even if blood glucose
is effectively controlled, the occurrence and development of
complications cannot be improved or reversed [46-48].
Researchers believe that this is due to the “metabolic memory”
effect of hyperglycemia [46-48]. “Metabolic memory” effect
refers to the persistent damage of early hyperglycemia to tissues
and organs of diabetic patients, even though the glycemic control
is good [48]. A growing body of experimental evidence supports
the concept that the risk for diabetes complications may be
linked to oxidative stress, nonenzymatic glycosylation of
proteins, epigenetic changes, and chronic inflammation, laying
the foundation for the “metabolic memory” theory [46]. From
a clinical standpoint, the “metabolic memory” theory supports
the need for very early aggressive treatment, with the goal of
normalizing metabolic control as soon as possible, especially
blood glucose. Therefore, achieving glycemic control targets
as soon as possible and maintaining glycemic control for a long
time have significantly positive effects in the prevention of
complications [14]. The treatment strategy of diabetes should
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be changed from strict glycemic control to strict glycemic
control at the early stage. The mobile-based intervention in this
study seems to offer a promising option to implement this
strategy. One meta-analysis of 35 randomized controlled trials
found that an internet-based or mobile-based intervention
duration of 3 months or less yielded optimal performance [49].
Our study also found that the glycemic control rates of the
mHealth group were higher than those of the usual care group
at the 3-, 6-, 9-, and 12-month follow-ups. These findings were
not only consistent with previous studies, but also illustrated
that the mobile-based intervention had generated a statistically
significant improvement on glycemic control in the short and
long term [47,49]. Therefore, implementation of mobile-based
interventions could be a promising strategy for glycemic control
of patients with diabetes not only at the early stage, but also in
the long term.

In our study, the mobile-based intervention was designed to
provide continuous, real-time, personalized health care for
patients with diabetes, and it was delivered by a
multidisciplinary team consisting of doctors, nurses, health
educators, and dietitians. With the help of mobile technologies,
this intervention provides a solution for diabetes management
that includes the following: (1) a simple and intuitive way of
vital data collection, (2) automatic in-hospital exam data and
at-home data consolidation, (3) convenient and timely
communication with care team professionals, and (4) continuous
and vivid diabetes education, both in person and through
multimedia. Based on the hardware equipment and professional
support team, we have realized real-time guidance and
management for diabetic patients; meanwhile, we have also
collected a large amount of sample data. These data from the
real world reflected the effectiveness of this mobile-based
intervention. Notably, we found that, starting from the sixth
month, the glycemic control of patients with type 2 diabetes in
the mHealth group began to fluctuate slightly. This is a reminder
that intensive management needs to be conducted to maintain
the long-term effectiveness of this mobile-based intervention
from the sixth month.

Strengths and Limitations
A major strength of this study was the high-quality, continuously
updated, clinical database of electronic medical records that

provided a large sample size and reflected real-world clinical
conditions. In addition, in our study, propensity score matching
was used to control the confounding factors between the two
groups. Propensity score matching could reduce the bias
resulting from confounding variables; this approach attempted
to mimic randomization by creating a sample of units that
received the mobile-based intervention that is comparable, on
all observed covariates, to a sample of units that received usual
care.

This study had several limitations. First, as a result of its
retrospective nature, we may not have addressed unobserved
confounders in propensity score matching. Therefore, selection
bias may exist in this research. For this reason, we used the
propensity score matching to balance the common available
covariates of the two groups, including sex, age, comorbidity
(ie, hyperlipidemia and hypertension), HbA1c level, and LDL
cholesterol level. Second, there are inherent limitations as to
what data are recorded in the clinical medical records. For
instance, the clinical medical records of patients in the usual
care group did not include some demographic information, such
as education level, economic level, and occupation, among
others, as well as anthropometry data, such as height, weight,
systolic blood pressure, and diastolic blood pressure, among
others. Cognitive function was not evaluated for either group.
Third, in this study, the total proportion of missing values was
12.3%, and the missing values were on continuous variables,
including HbA1c, FBG, P2BG, and LDL cholesterol. In order
to decrease the amount of bias in the data, we used expectation
maximization to estimate the missing values of continuous
variables.

Conclusions
This mobile-based intervention delivered by a multidisciplinary
team to promote glycemic control of patients with type 2
diabetes led to increases in the control rates of HbA1c, FBG,
and P2BG. These effects were best sustained within the first 6
months. It is noteworthy that, starting from the sixth month,
intensive management might need to be conducted to maintain
long-term effectiveness of this mobile-based intervention.
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Abstract

Background: In recent years, mobile health (mHealth)–related apps have been developed to help manage chronic diseases.
Apps may allow patients with a chronic disease characterized by exacerbations, such as chronic obstructive pulmonary disease
(COPD), to track and even suspect disease exacerbations, thereby facilitating self-management and prompt intervention.
Nevertheless, there is insufficient evidence regarding patient compliance in the daily use of mHealth apps for chronic disease
monitoring.

Objective: This study aimed to provide further evidence in support of prospectively recording daily symptoms as a useful
strategy to detect COPD exacerbations through the smartphone app, Prevexair. It also aimed to analyze daily compliance and the
frequency and characteristics of acute exacerbations of COPD recorded using Prevexair.

Methods: This is a multicenter cohort study with prospective case recruitment including 116 patients with COPD who had a
documented history of frequent exacerbations and were monitored over the course of 6 months. At recruitment, the Prevexair
app was installed on their smartphones, and patients were instructed on how to use the app. The information recorded in the app
included symptom changes, use of medication, and use of health care resources. The patients received messages on healthy
lifestyle behaviors and a record of their cumulative symptoms in the app. There was no regular contact with the research team
and no mentoring process. An exacerbation was considered reported if medical attention was sought and considered unreported
if it was not reported to a health care professional.

Results: Overall, compliance with daily records in the app was 66.6% (120/180), with a duration compliance of 78.8%, which
was similar across disease severity, age, and comorbidity variables. However, patients who were active smokers, with greater
dyspnea and a diagnosis of depression and obesity had lower compliance (P<.05). During the study, the patients experienced a
total of 262 exacerbations according to daily records in the app, 99 (37.8%) of which were reported exacerbations and 163 (62.2%)
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were unreported exacerbations. None of the subject-related variables were found to be significantly associated with reporting.
The duration of the event and number of symptoms present during the first day were strongly associated with reporting. Despite
substantial variations in the COPD Assessment Test (CAT), there was improvement only among patients with no exacerbation
and those with reported exacerbations. Nevertheless, CAT scores deteriorated among patients with unreported exacerbations.

Conclusions: The daily use of the Prevexair app is feasible and acceptable for patients with COPD who are motivated in their
self-care because of frequent exacerbations of their disease. Monitoring through the Prevexair app showed great potential for the
implementation of self-care plans and offered a better diagnosis of their chronic condition.

(JMIR Mhealth Uhealth 2020;8(3):e15699)   doi:10.2196/15699
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Introduction

Chronic obstructive pulmonary disease (COPD) places an
enormous burden on health care systems. A substantial
proportion of the cost is attributable to hospitalizations, mostly
owing to acute exacerbations of respiratory symptoms [1]. Acute
exacerbations of COPD (AECOPD) have important
consequences for patients and health care providers; AECOPD
cause a negative impact on health-related quality of life [2,3],
a decline in pulmonary function [4], increased utilization of
health care resources [5], and decreased survival [6,7].

Knowledge about COPD exacerbation frequency is important
to assess the clinical risk [8-10]. The identification and correct
assessment of COPD exacerbations is vital, given that it will
strongly influence therapy success and the impact on patients’
morbidity, mortality, and quality of life. Some individuals appear
more susceptible to developing exacerbations and are termed
frequent exacerbators or COPD exacerbator phenotypes [11,12].
Patients with frequent exacerbations are specifically targeted
with more aggressive therapy and an action plan to help prevent
exacerbations [8,9] and improve their quality of life [13,14]. In
addition, the early identification of exacerbations by patients
and early treatment may have effects on patient-reported
outcomes [15]. Despite growing evidence supporting the
importance of the identification and correct assessment of COPD
exacerbations, less than one-third of exacerbations remain
unreported to health care professionals. Unreported
exacerbations are common and important events. Several studies
through questionnaires showed that nearly half of all
exacerbations remain unreported [16,17]. Exacerbations that
are unreported and untreated by health care professionals are
associated with worsening in the quality of life [3,18,19] and
an increased risk of subsequent hospitalization [20,21]. Failure
to seek medical attention has consequences. There is a need for
new strategies to capture symptom-based exacerbations and
thus provide better management of COPD.

In recent years, health-related apps running on mobile devices
such as smartphones and tablets, known as mobile health
(mHealth) apps, have been developed to help manage chronic
diseases [22]. Current apps aid patients in managing their
chronic disease, aid patients in adopting a healthy lifestyle (good
nutrition, exercise, and smoking cessation), and can aid in
providing a better quality of life for patients. In patients with
chronic disease characterized by exacerbations, such as COPD,
apps may allow tracking and even alert patients and health care

professionals about suspected disease exacerbations, thereby
facilitating self-management and prompt intervention [23-25].
However, maintaining continuous use is still a challenge. The
use of apps to capture the reality of subjects’ lives in chronic
disease is quite problematic [26,27]. The complex issues around
compliance, and the relationship between symptoms and
behavior, has led to the need for more research examining the
parameters that contribute to daily compliance [28,29]. There
is insufficient evidence regarding patient compliance in the
daily use of mHealth apps for chronic disease monitoring and
the determinants that contribute to this compliance. We were
especially interested in these issues in the context of COPD,
where little research has been done on recording symptoms
daily using mHealth apps.

This study aimed to provide further evidence in support of the
hypothesis that prospectively recording daily symptoms is a
useful tool to monitor and help correctly assess COPD
exacerbations and the clinical risk of COPD based on the
patient’s daily self-reporting of symptoms using Prevexair, a
simple smartphone app, in which the patient records their daily
symptoms and which offers general recommendations. As there
is not enough information based on previously reported results,
this study was proposed as a pilot study to generate information.

This paper has provided data about compliance in the daily use
of a mHealth app for the long-term monitoring of patients with
COPD without a mentoring process or regular phone calls. In
addition, this paper has analyzed the frequency and
characteristics of AECOPD recorded via the smartphone app,
Prevexair.

Methods

Study Patients
Patients were recruited in outpatient respiratory clinics from 6
tertiary referral hospitals in Spain between November 2016 and
March 2018. The inclusion criteria were as follows: aged above
40 years, having a history of smoking (≥10 pack-years), a
diagnosis of COPD confirmed by postbronchodilator spirometry
with a forced expiratory volume in one second (FEV1) to forced
vital capacity ratio of less than 0.7 in the stable phase of the
disease, having a history of at least two exacerbations treated
with oral corticosteroids or antibiotics or having been
hospitalized at least once for exacerbation in the past 12 months,
owning a smartphone, and having the cognitive and motor ability
to operate a smartphone. Patients were excluded if they had
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other significant respiratory diseases or if they reported an
exacerbation during the run-in period. Ethical approval was
obtained from the Ethics Committee at the Hospital Clínico San
Carlos (Madrid, Spain; internal code 14/124-E), and all patients
gave their written informed consent before inclusion.

Study Design and Patient Evaluation
This was a multicenter, prospective cohort study with a 2-week
run-in period followed by a 6-month follow-up period. The
study visits were scheduled as follows: before the 2-week run-in
period (selection visit), after the run-in period (inclusion visit),
during the follow-up period at 3 months (visit 1), and at 6
months (visit 2). The run-in period was used to make sure
patients were stable. Patient assessment included a complete
medical history (height, weight, smoking history, drug history,
diagnosis of depression and/or anxiety, and other comorbid
conditions), spirometry, health-related quality of life using the
COPD Assessment Test (CAT), dyspnea using the modified
Medical Research Council (mMRC) questionnaire, and the
number of moderate/severe exacerbations in the last year.

Data Collection and Monitoring
The app was developed for iOS and Android systems by using
Virtual Ware. The app is available for installation on a mobile
device. At recruitment, during selection visit, the Prevexair app
was installed on patients’ smartphones, and they were instructed
how to use the app and received instructions to record their
daily respiratory symptoms in the app, once under supervision.
Thereafter, in the inclusion visit, their ability to use the app was
reviewed. No problems were recorded regarding the use of the
mobile app.

The information recorded in the app included symptom changes,
use of medication, and use of health care resources. Figures 1
and 2 show several screenshots of the Prevexair app in a

smartphone. The following symptoms were included in the app:
dyspnea, sputum color and amount, wheeze, cough, colds, and
sore throat. The symptom questions had dichotomous response
options, with a positive response indicating that the symptom
was worse than at baseline. In addition, patients were instructed
to use the app to record whether they increased their inhalation
medication and started corticosteroids or antibiotics as well as
any medical assistance. Daily data entries were made in the
evening by setting a reminder alarm. If they forgot, patients
were only allowed to enter the data for the 3 previous days.
Patients automatically sent these records to a central server to
be monitored in real-time by the research team. App users
received messages on healthy lifestyle behaviors and disease
education, information about their medication, task notifications,
and a record of their cumulative symptoms in a graph through
the app. Occasional contact was made, but only to solve minor
technical problems. No regular contact was established, and no
mentoring process was implemented to increase compliance.
Participants were informed that the data sent would only be
consulted by the research group; however, their physicians were
blinded; they were not informed about the Prevexair app records.
Thus, if they felt ill, they should contact their regular physicians
for advice as usual. Decisions to change treatment or to go to
the hospital will be made according to usual practice upon orders
from the primary care or the respiratory specialist treating the
patient, but these decisions were not based on the information
provided during the study.

Additional information gathered at each scheduled visit during
a clinically stable period included changes in medication, current
smoking habits, CAT, and use of health care resources. During
the visit at 6 months, the level of satisfaction with the app was
evaluated on a scale from 0 to 10. The medical staff at the visit
were blinded and not informed about the Prevexair app records.

Figure 1. Screenshots of the Prevexair app in a smartphone: initial screens.
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Figure 2. Screenshots of the Prevexair app in a smartphone: questionnaire.

Data Management
To analyze data recording compliance in the app, there were
180 available days for each participant, including the periods
of hospitalization. Two measurements of compliance were
defined: overall compliance (percentage of available days that
data were recorded in the app) and duration of compliance (days
elapsed from the first to last app entry, as a percentage of
available days).

An exacerbation was defined as an increase in respiratory
symptoms for 2 consecutive days, with at least one major
symptom (dyspnea, sputum purulence, or sputum volume) and
either another major or minor symptom (wheeze, cold, sore
throat, or cough). The first day a symptom worsened was defined
as the day of onset of the exacerbation, according to the
previously validated criteria [30]. Symptom counts were
obtained by adding each increased respiratory symptom recorded
in the Prevexair app on the first day of the exacerbation.

Exacerbation duration was defined as the number of days after
onset that worsened symptoms persisted. The last day of
recorded worsened symptoms before 2 consecutive
symptom-free days was defined as the end of the exacerbation.
Patients had to be symptom-free for ≥7 days before a new
exacerbation onset was defined. Exacerbation recovery could
not be determined if patients failed to record symptoms or
continuously recorded symptoms for more than 30 days after
onset.

An exacerbation was considered reported if medical attention
was sought through scheduled or unscheduled doctor visits,
emergency department visits, or hospital admissions. It was
considered unreported if it was not medically reported. An
exacerbation was considered treated if there was a change in at
least one medication (ie, antibiotics, corticosteroids, or
bronchodilators) for the worsened symptom.

To analyze the impact of exacerbation on the health status, the
patients were categorized into four exclusive groups according
to the reporting status for exacerbations: no exacerbation,
unreported exacerbation only, reported exacerbation only, and
mixed unreported (at least one) and reported (at least one)
exacerbations. For this analysis, those patients with less than
60% overall compliance were excluded.

Statistical Analysis
Qualitative variables were summarized by their frequency
distribution and quantitative variables by their mean and
standard deviation. Continuous nonnormally distributed
variables were summarized by median and interquartile range
(IQR P25-P75).

The association between the quantitative variable level of
compliance and patient characteristics was evaluated with the
nonparametric Mann-Whitney test for two independent groups
or the Kruskal-Wallis test for more than two groups.

The association between each independent variable (baseline
patient characteristics and event characteristics) and the
dependent variable type of exacerbation (unreported or reported)
was assessed by calculating the crude odds ratio via a multilevel
logistic regression analysis. The multilevel analysis included
two levels: the event level (level 1) and the patient level (level
2). A multivariable, multilevel logistic model was fitted to
evaluate the independent effect of the selected variables.
Candidate predictors with P<.10 in the univariate analysis were
accepted for inclusion in the multivariate analysis.

In the study of the relationship between exacerbations and
quality of life, quantitative variables were compared between
the four groups in the study using the Kruskal-Wallis test and
qualitative variables were compared using the chi-square test.

All analyses were performed using STATA 15.0 software
(StataCorp LLC). Statistical significance was assumed at P<.05.

Results

Demographic and Clinical Information
Of the 126 patients recruited, 10 patients were excluded because
they had one exacerbation at enrollment. A total of 116 patients
were eligible for analysis; 21.6% (25/126) of participants were
women and 13.8% (16/116) were active smokers. The baseline
characteristics of the analyzed cohort are reported in Table 1.
The mean (SD) FEV1 was 1.19 (0.47) L, and the percent
predicted FEV1 was 44.6 (16.2). In total, 53.4% (62/116) of
participants had experienced at least one severe exacerbation
in the last year, and 76.7% (84/116) of participants had a degree
of dyspnea ≥2 mMRC.
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Table 1. Baseline characteristics of the study population.

ValuesCharacteristics

116Patients, n

91 (78.4)Gender (male), n (%)

66.51 (8.14)Age (years), mean (SD)

16 (13.8)Active smokers, n (%)

44.1 (23.60)Smoking pack-years, mean (SD)

BMI (kg/m2)

27.30 (4.96)Mean (SD)

9 (7.8)≤21, n (%)

Number of comorbidities

2.62 (1.41)Mean (SD)

58 (50.0)≥3, n (%)

Dyspnea (mMRCa), n (%)

27 (23.2)0-1

89 (76.7)≥2

14.10 (6.13)CATb questionnaire, mean (SD)

61 (52.6)Chronic bronchitis, n (%)

2 (1.7)Chronic colonization, n (%)

7 (6.0)History of asthma, n (%)

44.62 (16.23)Post-BD FEV1 (%)c, mean (SD)

1192.11 (477.16)Post-BD FEV1 (mL), mean (SD)

3(2-3)Number of severe-moderate exacerbationsd in the last year, median (IQR P25-75)

65 (56.0)Number of moderate exacerbations in the last year ≥2, n (%)

1 (0-2)Number of severe exacerbations in the last year, median (IQR P25-75)

62 (53.4)Number of severe exacerbations in the last year ≥1, n (%)

Drug treatment for COPDe , n (%)

6 (5.2)LAMAf monotherapy

37 (31.9)LAMA-LABAg combination

6 (5.2)LABA+ICSh combination

67 (57.7)Triple therapyi

36 (31.0)Long-term oxygen therapy, n (%)

1 (0.9)Chronic antibiotics, n (%)

amMRC: modified Medical Research Council.
bCAT: Chronic Obstructive Pulmonary Disease Assessment Test.
cPost-BD FEV1 %: postbronchodilator FEV1 percent predicted.
dSevere exacerbations refers to exacerbations requiring hospitalization; moderate exacerbations refer to exacerbations requiring outpatient management
with antibiotics and/or corticosteroids systemic.
eCOPD: chronic obstructive pulmonary disease.
fLAMA: long-acting antimuscarinic agent.
gLABA: long-acting beta-2 agonist.
hICS: inhaled corticosteroid.
iTriple therapy: LABA+LAMA+ICS.
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Daily Compliance
The 116 patients recorded data in the Prevexair app for a median
of 178 (IQR 130-180) days, while the median number of records
per patient was 120 (IQR 61-164).

Overall compliance in recording data daily in the app was 66.6%
(120/180), with a compliance duration of 78.8%. Compliance
is reported in Table 2. Overall and compliance duration rates
were similar across the disease severity, age, and comorbidity
variables. However, patients who are active smokers, with a
higher mMRC functional dyspnea score and a diagnosis of

depression and obesity, had lower overall compliance and
duration of compliance (P<.05). Female participants also had
a lower duration of compliance. Furthermore, participants with
a higher degree of satisfaction with the app had better overall
compliance and duration of compliance (P<.05).

The percentage of patients who discontinued their use of the
app was 6% during the first month and 8.6% during the second
and third months, and 12.9% of patients abandoned the app
during the last 3 months. The median (P25-75) level of
satisfaction with the app was 10 (8-10).
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Table 2. Daily compliance by clinical variable.

P valueCompliance durationc, median (IQR)P valueOverall compliancea, median (IQR)Participants, nCharacteristics

N/A78.8 (51.5-94.9)N/Ab66.6 (33.8-91.1)116All subjects

.03.10Sex

82.7 (56.7-95.6)71.6 (35.5-93.3)91Male

74.4 (42.1-85.2)53.3 (31.9-79.1)25Female

.88.79Age (years)

78.1 (45.1-95.5)63.8 (34.8-90.5)44<65

79.4 (56.7-92.7)67.5 (33.8-91.9)72≥65

.01.02BMI (kg/m2 )

80 (59.8-95.4)78.6 (42.2-95.4)4025-26.9

85.7 (64.7-96.3)72.2 (42.9-92.2)5027-29.9

54.5 (32.0-85.6)40.5 (11.2-75.5)26≥30

.02.03Smoking status

54 (30.4-84.6)40.5 (7.9 -72.6)16Active smoker

81.6 (56.7-95.0)71.6 (40.0-91.9)100Former smoker

.37.88Number of comorbidities

75.3 (53.8-93.1)64.1 (40.6-89.7)58<3

84.2 (45.3-95.8)72.2 (31.1-92.3)58≥3

.21.57Chronic bronchitis

77.9 (44.9-92.0)64.4 (32.2-89.4)61Presence

85.5 (60.5-96.2)68.3 (39.4-95.0)55Absence

.66.86History of asthma

70.2 (55.0-90.1)59.1 (35.9-89.8)12Presence

80 (50.9-94.9)67.5 (33.8-91.1)104Absence

.21.57Chronic colonization

77.9 (44.9-92.0)64.4 (32.2-89.4)61Presence

85.5 (60.5-96.2)68.3 (39.4-95.0)55Absence

.04.08Dyspnea (mMRCd)

87.9 (61.3-100)80.5 (45-98.8)270-1

75.6 (47.1-91.9)63.8 (32.2-90.5)89≥2

.97.76CATequestionnaire

76.5 (50-96.7)61.6 (41.6-92.7)31<10

80.5 (54.5-92.6)70 (33.3-90.5)84≥10

.34.13Anxiety

88.3 (52.3-94.3)88.3(47.5-93.6)21Presence

75.7 (51.3-94.9)63.8 (33.3-90.5)95Absence

.01.008Depression

32.1 (9.2 -87.2)12.2 (3.3-53.3)7Presence

80.5 (56.6-95.0)71.6 (39.7-91.6)109Absence

.65.78Post-BD FEV1 (%)f

81.6 (46.5-91.8)71.6 (36.6-88.8)37≥50

77.9 (53.8-95.1)64.4 (33.3-92.2)79<50
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P valueCompliance durationc, median (IQR)P valueOverall compliancea, median (IQR)Participants, nCharacteristics

.74.30Number of moderate/severe exacerbationsg in the last year

80.6 (61.1-94.2)51.6 (7.2- 86.6)11<2

78.8 (50.6-94.9)68.3 (37.5-91.1)105≥2

.64.42Drug treatment for COPDh

78.8 (55.0-90.9)71.6 (47.2-90.0)49No triple therapy

80.2 (45.0-95.1)66.6 (25.5-92.2)67Triple therapyi

.10.21Long-term oxygen therapy

87.1 (71.5-95.0)80.5 (33.1-95.0)36Treated

73.6 (45.8-92.3)63.3 (33.8-90.2)80Not treated

.20.10Satisfaction score

73.6 (47.5-90.8)63.8 (32.5-90.5)50<10

85.6 (55.4-96.2)78.6 (44.0-93.7)54≥10

aCompliance is expressed as median percentage (number of days completed/total number of days available for completion). Overall compliance:
percentage of days in the entire study period (180 days) in which the app was used daily.
bNot applicable.
cCompliance duration: days elapsed from first daily entry to last, as the percentage of days available.
dmMRC: modified Medical Research Council.
eCAT: Chronic Obstructive Pulmonary Disease Assessment Test.
fPost-BD FEV1 %: postbronchodilator FEV1 percent predicted.
gSevere exacerbations refer to exacerbations requiring hospitalization; moderate exacerbations refer to exacerbations requiring outpatient management
with antibiotics and/or corticosteroids systemic.
hCOPD: chronic obstructive pulmonary disease.
iTriple therapy: long-acting beta-2 agonists + long-acting antimuscarinic agents + inhaled corticosteroids.

Exacerbations
During the study, patients experienced a total of 262 cases of
symptom worsening, meeting the definition of exacerbation
according to daily records in the app. The overall estimated rate
of exacerbations recorded in the app was 2.25 (1.66) per person
every 6 months. Of 116 patients, 18 (15.5%) had no events, 26
(22.4%) had one event, 25 (21.6%) patients had 2 events, and
47 (41.6%) patients had more than 2 events during the 6 months.
Of 262 cases, 99 (37.8%) were reported exacerbations and 163
(62.2%) were unreported exacerbations.

Table 3 presents the characteristics of reported and unreported
exacerbations and their relationship with the probability of
reporting. In general, reported exacerbations were longer and
had more symptoms: among those exacerbations with 2
symptoms present at onset, only 15.2% were reported, whereas
46.5% of those with 4 or more symptoms were reported. In

reported exacerbations, sputum color (54.5% vs 22.7%; P<.001)
and cough (74% vs 60.1%; P<.02) were also more common.
Reporting was related to the duration and number of worsened
symptoms as well as the type of symptoms present when
symptoms worsened.

Of the 163 unreported exacerbations, 76 (46.6%) were treated,
but all were self-managed by the patient with an increase in
bronchodilators in 57 events (35.0%), only antibiotics in 10
events (6.1%), and only oral corticosteroids in 9 (5.5%) events.
Of the 99 reported exacerbations, all were treated: 15 (15%)
events only with an increase in bronchodilators and the majority
with only antibiotics (47/99, 47.5%) or with both oral
corticosteroids and antibiotics (28/99, 28.3%). With regard to
recorded health care utilization for exacerbation, 79.7% of
exacerbations led to unscheduled contact, 2.2% led to emergency
department visits, and 18.1% of exacerbations resulted in
hospitalization.
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Table 3. Characteristics of unreported and reported exacerbations and the relationship between event characteristics and the likelihood of reporting an
exacerbation.

P valueOdds ratio (95% CI)ReportedUnreportedGlobalCharacteristics of exacerbations

N/AN/Aa99 (37.8)163 (62.2)262 (100.0)Exacerbations, n (%)

<.0011.17 (1.08-1.27)8 (6-11.2)5 (3-8)6 (4-9)Duration of worsened symptoms, day median
(P25-75)

<.0011.88 (1.35-2.63)3.47 (1.09)2.91 (1.04)3.12 (1.09)Total number of key symptoms, mean (SD)

Type of symptoms, n (%)

.90.95 (0.49-1.00)50 (50.5)87 (53.4)137 (52.3)Dyspnea

.281.48 (0.72-3.05)71 (71.7)106 (65.0)177 (67.6)Sputum amount

<.0018.39 (3.31-21.22)54 (54.5)37 (22.7)91 (34.7)Sputum color

.022.30 (1.13-4.66)74 (74.7)98 (60.1)172 (65.6)Cough

.471.31 (0.62-2.75)30 (30.3)45 (27.6)75 (28.6)Wheeze

.490.69 (0.29-1.63)20 (20.2)37 (22.7)57 (21.8)Sore throat

.461.30 (0.64-2.61)45 (45.5)65 (39.9)110 (41.9)Cold

<.0012.93 (1.25-6.85)Severity by number of symptoms, n (%)

  17 (17.1)68 (41.7)85 (32.5)2

  36 (36.4)60 (36.8)96 (36.6)3

  46 (46.5)35 (21.5)81 (30.9)4 or more

aNot applicable.

Baseline Characteristics of Patients by Exacerbation
Category
Table 4 shows that patients with reported exacerbations present
similar baseline characteristics compared with patients with

unreported exacerbations, although patients with reported
exacerbations had more dyspnea, severe disease FEV1%, and
anxiety. Reporting did not appear to be related to patient
characteristics.

Table 4. Baseline characteristics of patients by exacerbation category.

P valueOdds ratio (95% CI)Reported exacerbationsUnreported exacerbationsCharacteristics

.331.61 (0.61-4.29)82 (83)123 (75.4)Gender (male), n (%)

Age (years)

.081.04 (0.58-4.68)67.6 (8.3)65.5 (8.7)Mean (SD)

.281.60 (0.67-3.81)68 (69)102 (62.5)≥65, n (%)

.371.68 (0.53-5.26)12 (12)27 (16.6)Active smokers, n (%)

.551.02 (0.94-1.11)26.8 (4.6)26.6 (5.0)BMI (kg/m2), mean (SD)

.072.11 (0.94-4.73)55 (56)68 (41.7)Number of comorbidities; mean (SD) ≥3, n (%)

.560.55 (0.07-3.97)3 (3)8 (4.9)Depression, n (%)

.052.77 (0.99-7.70)26 (26)25 (15.3)Anxiety, n (%)

.082.73 (0.88-8.41)87 (88)129 (79.1)Dyspnea (mMRCa) ≥2, n (%)

.092.28 (0.88-5.94)80 (81)115 (70.5)CATb questionnaire score ≥10, n (%)

.321.58 (0.64-3.91)74 (75)114 (69.9)Post-BD FEV1 %c predicted <50%, n (%)

.124.06 (0.69-23.72)96 (97)149 (91.4)Number of moderate-severe exacerbations in the last
year ≥2, n (%)

amMRC: modified Medical Research Council.
bCAT: Chronic Obstructive Pulmonary Disease Assessment Test.
cPost-BD FEV1 %: postbronchodilator FEV1 percent predicted.
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Predictors of Reporting an Exacerbation
Table 5 shows the relationship between exacerbation
characteristics and the subject and the likelihood of reporting

an exacerbation. None of the subject-related variables were
found to be significantly associated with reporting. The duration
of the event and number of symptoms present during the first
day were strongly associated with reporting.

Table 5. The relationship between exacerbation characteristics and the subject and the likelihood of reporting an exacerbation.

P valueOdds ratio (95% CI)Characteristics

<.0011.15 (1.06-1.25)Duration of worsened symptoms

.0031.75 (1.20-2.56)Mean number of key symptoms

.45Number of comorbidities

1.50 (0.51-4.41)≥3

1<3

.52CATa questionnaire score

1.49 (0.44-5.00)≥10

1<10

.42Dyspnea (mMRCMb)

1.75 (0.44-6.99)≥2

1<2

.20Anxiety

2.43 (0.62-9.50)Present

1Not present

aCAT: Chronic Obstructive Pulmonary Disease Assessment Test.
bmMRC: modified Medical Research Council.

Impact of Exacerbations on Health Status
On average, CAT scores were worse at the end of the study
period (6 months). The median (P25-75) change in CAT score
was 1 (−3-4). Table 6 shows the distribution of CAT score
changes between the inclusion and 6-month visits stratified by
the presence and type of exacerbation recorded in the app among
69 patients who had more than 60% overall compliance. Of the
69 patients analyzed, only 6 (9%) did not have exacerbations,
19 (27%) had only unreported exacerbations, 18 (26%) had only
reported exacerbations, and 26 (38%) had mixed exacerbations.
Despite substantial variation in the CAT score, there was
improvement among patients with no exacerbations and those

with only reported exacerbations. CAT scores deteriorated in
patients with unreported exacerbations. This deterioration was
highest in patients who had at least one unreported exacerbation
and at least one reported exacerbation. There was a difference
between those with only unreported exacerbations and those
with only reported exacerbations (P<.05). Patients in the mixed
exacerbation group had statistically worse deterioration (P<.01)
of the CAT score than those with only reported exacerbations.
Deterioration of the CAT score was clinically significant (an
increase of 2 or more) in 44% (8/18) of patients who did not
report any of their exacerbations compared with 23% (4/18) of
those with only reported exacerbations and 73% (19/26) of those
with mixed exacerbations.

Table 6. Change in health status between inclusion and 6-month visits according to the presence and type of exacerbation during the study as recorded
in the app.

P valueMixeddReportedcUnreportedbStable diseaseaChange in health status

N/Ae26 (38)18 (26)19 (28)6 (9)Subjects, n (%)

<.0013 (0-5.2)−2 (−7-1.5)1 (−2.2-6.2)−3 (−3.5-3)Change in CATf score, median (P25-75)

<.00119 (73)4 (23)8 (44)1 (20)Patients with change in CAT score ≥2, n (%)

aNo exacerbation between inclusion and 6-month visits.
bOnly unreported exacerbation(s) between inclusion and 6-month visits.
cOnly reported exacerbation(s) between inclusion and 6-month visits.
dAt least one unreported exacerbation and one reported exacerbation between inclusion and 6-month visits.
eNot applicable.
fCAT: Chronic Obstructive Pulmonary Disease Assessment Test.
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Discussion

Principal Findings
This study provides information about the long-term, consistent
use of an mHealth app, Prevexair, to record daily symptoms
and detect exacerbations in high-risk patients with COPD, as
well as to determine the characteristics of the detected
exacerbations and the determinants of reporting them.

The mHealth app market is booming and will continue to grow
substantially over the next few years. The growing availability
of health apps and the increasing number of patients using
smartphones and tablets will encourage health care professionals
to incorporate apps into their management plans for patients
with chronic disease. This is a step toward ubiquitous health
care, thereby allowing patients with chronic disease to
self-manage their condition by providing them support to
monitor and interpret their own data using mobile devices.

COPD is a highly prevalent disease, occurring in 10% of the
population between the ages of 40 and 80 years [31]. It is a
progressive disease that is frequently associated with a high rate
of morbidity and mortality and is currently the fifth leading
cause of death in Spain [32,33]. It is currently included in the
priority plans for health care systems [34] owing to its
association with a significant demand for care because of its
high complexity and frequent decompensations [35]. COPD is
one of the main reasons for medical consultations and the use
of health care resources, both in primary and specialized care.
In Spain, the disease accounts for 10% to 12% of all primary
care visits, 35% to 40% of pulmonology consults, and 7% of
hospitalizations [36,37]. These characteristics of COPD force
us to make a change in the care model, focusing on monitoring
the disease and giving the patient a part of the responsibility in
managing their disease through the use of information and
communication technology as a tool that has been proven useful
in the self-care and monitoring of patients with COPD to detect
decompensations of the disease.

Previous Studies
Research has shown that effective management of COPD
through integrated care systems, mHealth apps, and other
technology has the potential to both benefit the patient and
reduce exacerbation costs in the long-term management of the
disease [38,39]. Several studies on action plans focusing on the
early identification of exacerbations by patients and the
implementation of an action plan have shown effects on health
care utilization as well as on patient-reported outcomes [40-42].
The telemonitoring of a patient’s condition, symptoms, and
behavior (adherence to medication and physical activity) through
mHealth apps may be useful in identifying and correctly
assessing COPD exacerbations, reducing the number of
unreported exacerbations, and allowing the implementation of
self-management. Providing the patient with the right care at
the right time is crucial and can have a decisive impact on
handling the long-term condition to prevent exacerbations and
improve the quality of life in patients with COPD. As a result,
mHealth apps are extensively used in health services and patient
education. Indeed, the UK Department of Health has
recommended that apps be prescribed as part of the care for

long-term conditions [43]. However, there are few published
studies addressing daily compliance in mHealth apps and what
factors influence compliance.

The results of our study show a high rate of daily use of the app,
Prevexair, although there was no contact between the research
team and the patient after initiation and no strategy was
implemented to continue using the app.

In COPD, little research has been done on diary-keeping, even
though diaries have been widely used in studies and clinical
trials. In an open, observational study, only 41% of participants
achieved 80% compliance using paper diaries that were collected
weekly and entered electronically [44]. The compliance was
higher (53% in 12 months) in another study owing to a
mentoring process with regular phone calls [45].

Interpretation of Novel Findings
In our study, the level of satisfaction with the functionality of
the Prevexair app was high. The patients quickly learned how
to use the app during the inclusion visit and regularly entered
data to record their symptoms and medicine use over 6 months,
although they did not make decisions based on information
provided by the app during the study. Decisions to change
treatment or go to the hospital were made according to usual
practice upon orders from the primary care or respiratory
specialist treating the patient. Studies that have evaluated
feedback from users regarding the functionality and usability
of a mobile phone app show us that simplicity and motivation,
not age, seem to be the key factors for accepting and using health
apps [46]. With regard to these determinants of use, it is worth
mentioning that the patients who participated in our study were
motivated in their self-care because of frequent decompensations
of their disease, with hospitalization for COPD occurring in
more than half of the patients evaluated. There is evidence that
participants will tolerate the burden of diary-keeping if they
feel it will help them [47,48]. In this regard, it should be
mentioned that the Prevexair app sent messages about healthy
lifestyle behaviors and information about the patient’s
medication, task notifications, and a record of their cumulative
symptoms in a graph through the app, which has been found to
have a compliance advantage. Studies show that users value
being in charge of their health and keeping track of their
progress [49]. However, self-motivation to record data over a
longer period can be a challenge without the involvement of a
health care professional [50,51]. There is also evidence that
participants in research studies will take on additional burdens
for altruistic reasons unrelated to their chronic illness [52].

Factors Associated With Compliance
With regard to the factors related to continued daily use of the
app, in our study, we did not find any differences according to
age or sex, comorbidity burden, or disease severity. These results
are consistent with other studies that showed that compliance
rates were similar across the demographic variables of sex and
disease severity [45,46]. Several studies have shown that there
is no general correlation between diary-keeping and symptom
severity, demographic or clinical characteristics, treatment, or
activity [45,53].
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We have provided new data on use and adherence to a mobile
phone app for COPD. The compliance is not affected by
demographic factors or disease severity, while clinical or
physiological characteristics, such as actively smoked, higher
BMI, or were diagnosed with depression, do seem to influence
diary use. Nevertheless, a limitation to bear in mind is that other
factors related to adherence such as health literacy, prior use of
apps, and level of school education could not be evaluated as
they were not available.

Simplicity and motivation seem to be the key factors for
accepting and using mobile phone apps. However, each user
has different needs, so it is important to be able to personalize
the app to the patient’s preferences. So, in the patients where
we identify factors linked to lower adherence, it is important to
offer specific messages such as exercise tracking, monitoring
of weight, food intake, and help for tobacco cessation. In
addition, personalized self-management plans could be updated
according to patients’ needs. Other functionality of interest can
be email messaging or any type of communication with health
care providers.

Detection of Exacerbations
Regarding the detection of exacerbations by recording symptoms
in the app, it is necessary to highlight the high rate of daily
exacerbations and that 62% of the events recorded in the app
were not reported and most were not treated. This result is
similar to results of earlier studies in London [16,19] and Canada
[17]. These results support the management of COPD through
mHealth apps and other technology, considering that COPD is
a highly symptomatic disease, but patients may not recognize
small day-to-day variations in their pulmonary symptoms. Lack
of symptom awareness and the rate of symptom worsening make
the daily monitoring of patients with COPD an attractive and
beneficial approach to detect patients with frequent
exacerbations and to carry out more aggressive therapy and
implement preventive measures. In addition, these technologies
would allow health care professionals to monitor patients and
offer opportunities for an intervention to improve outcomes.
They could view patients’ data consistently, and not only
periodically at the outpatient clinics. Furthermore, they could
provide the patient with information to implement self-care and
early treatment plans for COPD decompensations.

In our study, although unreported exacerbations tend to be
milder (with a lower number of symptoms and shorter duration
of exacerbation), these unreported exacerbations have a
clinically relevant negative impact on quality of life (CAT
questionnaire) and result in a change in self-administered
treatment by the patient in a large number of cases. Patients
who did not report their exacerbation were more likely to
experience worsening of their health status compared with those
who reported exacerbations or those with a stable disease. This
may suggest that unreported exacerbations may thus represent
an unmet health care need. These results are consistent with
other studies, which have shown that unreported exacerbations,
despite being associated with less symptom worsening than
reported exacerbations, have an important medium to long-term
impact on patients’ quality of life [15,18,19]. Failure to seek

medical attention may have consequences for both the patient
and health care system.

In our study, the characteristics of the exacerbations were the
strongest predictors of reporting. Although there was no direct
measure of exacerbation severity, the total number of symptoms
at onset and duration of the exacerbation were predictors of
reporting. The symptoms associated with reporting an
exacerbation in this study were cough and change in sputum
color. Sputum color was identified as one of the key
determinants of health care utilization in a study looking at
patient perspectives on exacerbations [54]. Although in our
study no subject-related variables were found to be significantly
associated with reporting, patients who reported their
exacerbation had more dyspnea, anxiety, and more spirometric
obstruction compared with those who did not report
exacerbations. Other studies have also found that patients with
a lower FEV1 were more likely to seek medical attention [17,55].
This is also consistent with the observation showing that
physician-rated exacerbation severity correlates with the severity
of the underlying disease [56]. The finding that patients with
anxiety were more likely to seek medical attention may be
explained by the fact that it plays a role in symptom
development and patient behavior and should be considered a
potentially important predictor. In other studies, psychological
factors have been found to be related to the reporting of
respiratory symptoms [54,57].

The identification and correct assessment of COPD
exacerbations is important to assess clinical risk and disease
control, a goal that is key especially in patients who appear
more susceptible to developing exacerbations and are termed
frequent exacerbators, similar to our study population, in which
monitoring through the app, Prevexair, can be more beneficial.

The app was developed for better lifestyle management for
patients with COPD and also to improve monitoring and
follow-up by their physicians. In the future, we would like to
analyze the usefulness of the app, Prevexair, for physicians
during clinician visits for identification of COPD exacerbations
and for the correct assessment of clinical risk of COPD, as the
app offers the possibility to regularly record relevant health data
of a patient’s condition and symptoms. A strategy that could
prove useful as several studies suggest that close to half of all
exacerbations remain unreported. The unreported exacerbations
and consequent lack of treatment by a health care professional
were associated with worsening quality of life and increased
risk of hospitalization.

Potential Strengths and Limitations
A limitation that must be considered in the interpretation of the
results is that it provides us information about how app users
will perform within the context of a research study as the benefit
perceived by the patient is a determining factor in the motivation
to use the app. During the study, no decisions were made based
on the information recorded in the app. Participants were
informed that if they felt ill, they should contact their regular
physicians for advice. Other limitations of this study are that
we have not evaluated other factors that seem to influence daily
compliance and affect both the health status and access to health
care, such as socioeconomic status, impact on activities of daily
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living, and education level. However, in the analysis of factors
associated with reporting, we must keep in mind that access to
health care is likely to be an independent risk factor for
underreporting in the general population. Another potential
limitation is that the responses were dichotomous; there were
substantial floor and ceiling effects resulting in failure to identify
some of the exacerbations because once a symptom is present,
no further change will be recorded.

Another limitation is that the study examines a relatively small
prospective group of 116 patients monitored for only 6 months.
However, as the population was enriched with patients with
frequent exacerbators, 262 exacerbations were analyzed, which
were equal to a rate of 2.25 per person every 6 months. This
event rate can be explained because the relatively high
proportion of patients included immediately after hospitalization
might have contributed to a higher exacerbation rate and a
possible seasonal effect. Missing data in the daily diary were
also related to interest. The combination of both missing data
and ceiling effects could have resulted in failure to identify
some of the reported exacerbations in the daily diary.
Furthermore, the analysis used ignored possible differences in
symptom trajectory (early recovery from some symptoms) and
these differences might be related to reporting.

Conclusions
This study evaluates compliance in the daily use of an mHealth
app among patients with COPD having a documented history
of exacerbations who are motivated in their self-care for
long-term monitoring without a mentoring process or regular
phone calls. The findings of this cohort study confirm that daily
use of the Prevexair app is feasible and acceptable for reporting
daily symptoms and medicine use among people with COPD
who are motivated in their self-care because of frequent
decompensations of their disease. In addition, this study shows
that monitoring through the Prevexair app has the potential for
implementation of self-care plans and offers opportunities for
interventions in the treatment of patients at risk of frequent
exacerbations, identifying symptoms and providing a better
diagnosis of their chronic condition. Further research must be
carried out to evaluate this strategy for the management of
COPD in clinical practice. In the near future, mHealth apps will
be a natural complement to health telematics and personal health
records. They should be a part of a complete solution to address
changes in health care provision, and they are particularly
suitable for chronic disease prevention and management.
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Abstract

Background: Chronic pain affects millions of Americans. Our Whole Lives, an electronic health (eHealth) toolkit for Chronic
Pain (Our Whole Lives for Chronic Pain [OWLCP]), is a mind-body chronic pain management platform that teaches
self-management strategies to reduce pain impact and pain medication use.

Objective: The primary goal of this study was to evaluate the feasibility of OWLCP in reducing pain impact and pain-related
outcomes.

Methods: We conducted a pre-post clinical study (2 cohorts) to assess the feasibility of OWLCP usage among low-income
patients with chronic pain. Outcome data, collected at baseline and 9 weeks, included Patient-Reported Outcomes Measurement
Information System (PROMIS-29), pain self-efficacy, and pain medication use. In the statistical analysis, we used descriptive
statistics, logistic regression, linear regression, and qualitative methods.

Results: Among the enrolled 43 participants, the average age was 50 years, (39/43) 91% were female, (16/43) 37% were black,
and (7/43) 16% were Hispanic. From baseline to follow-up, the PROMIS measures showed a reduction in depression (P=.02),
pain interference (P=.003), and average pain impact score (P=.007). Pain self-efficacy increased ((P<.001), whereas opioid use
had a 13% reduction (P=.03).

Conclusions: The eHealth chronic pain management platform, OWLCP, is a potential tool to reduce the impact of chronic pain
for low-income racially diverse populations.

(JMIR Mhealth Uhealth 2020;8(3):e14768)   doi:10.2196/14768
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Introduction

In the United States, more than half of all adults experience
pain in any given year [1]. Chronic pain may be defined as pain
that persists past normal tissue healing (>3 months) [2]. It is
characterized by substantial suffering and associated with other
comorbidities, such as insomnia, depression, fatigue, lowered

mobility, and reduced quality of life [2]. Patients with chronic
pain mostly receive care during hurried visits to the primary
care provider (PCP) where they are prescribed pharmacological
treatments (eg, opioids and medications) despite mixed evidence
of their efficacy and increased risk of potentially dangerous side
effects, including addiction and death [3-6]. Even when these
treatments are effective in reducing pain, they may not improve
mental and functional status and may actually increase
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depression [7-9]. There is a need for easy access of
evidence-based nonpharmacological treatment options to help
patients with chronic pain.

The impact of chronic pain is particularly severe in populations
with racial and socioeconomic disparities who receive less
patient education, surgery, and specialty referrals [10-14]. Health
disparities in chronic pain treatment substantially impact the
patients’ ability to work and function [12,15]. The reduced use
of nonpharmacological options such as mindfulness-based
interventions (MBIs; ie, meditation and yoga) by low-income
patients is attributed to limited insurance coverage, therapies
not being offered to them as a treatment option, structural
barriers such as transportation, or lack of access to these options
in their neighborhoods [16-19].

The internet and mobile technology is an accessible, convenient,
and time-saving method to deliver health interventions [20,21].
Ziebland et al [22] demonstrated that people living with chronic
pain are increasingly using the Web to find information, support,
reassurance, encouragement, and practical advice for
self-management. They also use the Web to compare
experiences of treatment and offer advice and support to others.
Chronic pain interventions delivered via technology are
increasing because of factors such as acceptability to increase
social connection, convenience for patients, and the ability to
interact at one’s own pace at home [23-26]. For example,
internet delivery can make participation in a Web-based
nonpharmacological skill acquisition intervention possible when
it otherwise would not have been due to pain flares or reduced
mobility [26]. In addition, the flexibility of internet delivery
can be appealing for people who are busy managing
appointments and treatments, those who want to bypass barriers
related to cost and insurance coverage and time commitments
for in-person treatment, and those who are reluctant to engage
in in-person group interventions [27-29].

As of 2018, US technology trends indicate that 67% of people
who earn less than US $30,000, 77% of Hispanic adults, and
75% of African Americans own a mobile phone [30]. Among
the clinical literature on technology-delivered interventions,
few studies exist on racially diverse and low-income patients
with cancer, HIV, or obesity [31-34]. This also applies to racially
diverse students and low-income patients with chronic pain
[35]. Yet, mobile health is a promising area for health education
and intervention delivery in health-disparate communities.

Development of Our Whole Lives 1.0
The intervention, Our Whole Lives (OWL 1.0), an eHealth
Toolkit, was developed during a Patient Centered Outcomes
Research Institute (PCORI) Contract AD

1304-6218/ClinicalTrials.gov ID NCT02262377 in 2014 to
2017 [36,37]. This randomized controlled trial (RCT) tested an
Integrative Medical Group Visit (IMGV) care model for the
usual care in low-income racially diverse patients with chronic
pain and depression [36]. The IMGV incorporates key principles
and practices of mindfulness adapted for patients who are
racially and culturally diverse and have low health literacy levels
[38]. The IMGV curriculum introduces patients to the
fundamentals of evidence-based integrative medicine such as
nutrition, lifestyle, stress reduction, exercise, and massage
[39-41]. During the 21-week RCT study, participants had access
to OWL as an adjunctive patient education website for the
IMGV.

The user interface, visuals, videos, scripts, and resource pages
for OWL 1.0 were created with input from a patient advisory
group (PAG; patients with chronic pain and depression) and
beta testing of IMGV socioeconomically and racially diverse
patient cohorts (~20 patients) [42,43]. OWL’s content was
designed for patients with low health literacy (grades 5-8) and
has been adapted for a diverse patient population by ensuring
that the images of patients on the site are representative of the
diverse and vulnerable population in the study, for example,
visual images and pictures of patients from diverse racial and
ethnicity backgrounds on the website. OWL mirrored the
curriculum taught in an IMGV including mindfulness exercises
and self-management home practices, interactive self-monitoring
and self-directed learning, as well as social support through
interactions on community blogs. It allowed the participants to
access each session one at a time on a weekly basis. The
participants were encouraged to participate by commenting on
each video, audio, or other experiential activities and track their
progress.

This pre-post clinical trial was conducted to test the
second-generation OWL (version 2; Figure 1), which we will
refer to as OWL for Chronic Pain (OWLCP) outside of an
in-person IMGV to see if the application is feasible to use as a
stand-alone intervention. The main outcomes were pain impact
(such as pain severity, pain interference, and physical function)
and pain-related outcomes (eg, depression, anxiety, fatigue,
sleep disturbance, ability to participate in social roles and
activities, pain self-efficacy, and pain medication use). Finally,
to understand how OWLCP potentially changes behavior, we
used the Health Education Impact Questionnaire (HEIQ) to look
for changes in health-directed behavior, positive and active
engagement in life, social integration and support, and emotional
distress [44]. Using these outcomes, we evaluated pre-post
effects and estimated effect sizes.
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Figure 1. Screenshot of the Our Whole Lives for Chronic Pain (OWLCP) website.

Methods

Setting
This study was held at Boston Medical Center (BMC), a private,
not-for-profit, academic medical center and the largest safety
net hospital in New England. BMC is primarily funded by
charities or the government. Approximately 70% of the patients
come from underserved populations, such as low-income and
older adults, who rely on government payors such as Medicaid,
the Health Safety Net, and Medicare for their coverage; 32%
do not speak English as a primary language.

Study Design
This prospective clinical trial enrolled participants with chronic
pain between October 2016 and January 2018. We conducted
two 9-week cohorts of approximately 40 patients with chronic
pain.

Recruitment and Enrollment
Inclusion criteria were as follows: chronic pain ≥4 on a 0 to 10
pain scale for at least 12 weeks [34,35]; older than 18 years;
and the ability to provide informed consent and understand
website information in English. Exclusion criteria were as
follows: a major medical event or another life event that would
interfere with their ability to use the internet and participate in
the intervention; not currently having access to the internet; not
having an internet-enabled device to access the website;
pregnant or planning to become pregnant in the next 3 months;
and active substance use of alcohol, cocaine, or heroin.

Recruitment flyers were placed in BMC’s primary care
outpatient clinics, local Young Men’s Christian Association

(YMCA) and community organizations in the Boston area. Both
men and women attend the YMCA, and it acts as a local
community resource. Research assistants (RAs) reached out to
PCPs, either by attending relevant provider meetings per
department (ie, internal medicine and family medicine) or
electronically notifying them of this study through an electronic
medical record. When a PCP identified potentially eligible
participants, they gave the participant a pamphlet about the
study; thereafter interested participants contacted the study so
they could be considered for the study. Study staff followed up
with participants to determine interest and eligibility.
Participants also could self-refer themselves to the study to be
screened for study enrollment.

If an individual met the specified criteria, they were invited to
meet in person at BMC with the RA. They were invited to
review and sign the informed consent and collect baseline data.
The RA provided clear detailed information about what the
study involved. If the participant was unable to come to BMC
in person, the consent and initial visit process was conducted
over the phone with the RA. Verbal consent was given over the
phone; however, informed consent was signed when the
participant met with the RA in person.

Intervention Our Whole Lives 2.0
On the basis of the feedback from the RCT participants and the
PAG, OWL, an electronic health toolkit, for Chronic Pain 2.0
(OWLCP) was developed in 2017. OWLCP is the version being
tested during this feasibility trial. OWLCP is a
password-protected internet-based platform stored on a server
compliant to the Health Insurance Portability and Accountability
Act; this server could be accessed with a tablet, computer, or
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mobile phone. This website provided interactive self-monitoring
(ie, pain, mood, and medication use), self-directed learning (ie,
health topics, mindfulness, movement, and nutrition), and social
support (ie, online community forum). Table 1 includes session
names, home practice assignments (each ~20 min), themes, and

activities. Changes from version 1 to version 2 included the
following: revision of curriculum webpages from PDFs to
interactive webpages, removing session 10, and adding a pain
medication-use tracking tool.

Table 1. Our Whole Lives for Chronic Pain website curriculum.

Theme or activityHome practiceTitle of session

Awareness of breath meditation, ground rules, introduction
to mindfulness

N/AaOnline orientation

Nonpharmacological approaches to stressBSbOur reactions to stress

Nonpharmacological approaches to sleepBS, McOur bodies and healthy sleep

Movement and healthy eating skillsAlternate BS/CYd; M 6 of 7 daysMovement and food as medicine

Nonpharmacological pain approaches to pain managementAlternate BS/CY; M 6 of 7 daysOur bodies’ response to pain

Nonpharmacological approaches to treating inflammationAlternate BS/CY; M 6 of 7 daysOur bodies and inflammation

Nonpharmacological approaches to depression and chal-
lenging communications

Alternate BS/CY; loving kindness medita-
tion 6 of 7 days

Our bodies and depression

Mindful eatingChoice of BS, CY, M, or loving kindness
meditation

Understanding the role of food in our body

Wellness reviewN/AWellness review

aN/A: not applicable.
bBS: body scan.
cM: meditation.
dCY: chair yoga.

OWLCP’s functions include the following: (1) a daily
measurement record (present mood, physical state of the body,
and daily medication use); (2) a monitored community blog on
which participants post their thoughts and respond to prompts
for each session, and the blog is monitored daily by an RA or
a clinician; and (3) home practice progress log where the
participant may track what mind-body practices they completed
(awareness of breath [AOB] meditation, sitting meditation,
loving kindness meditation, chair yoga, and body scan). Each
mind-body practice was recorded by a certified yoga or
meditation teacher and approximately lasts 20 min (audio or
video recordings).

OWLCP contains 10 videos that discuss health topics such as
prevention and management of pain and associated conditions
(such as stress reactivity, insomnia, poor nutrition, inflammation,
and depression). Participants are taught to practice principles
of mindfulness (AOB meditation, sitting meditation, loving
kindness meditation, chair yoga, and body scan) at each session.
Patients are encouraged to interact with OWLCP by commenting
in an open text box after each video, audio, or other experiential
activity to monitor their progress with home practice, such as
their mood, pain, and pain medication use, and to choose
resources relevant to them. Participants could review all or part
of completed modules, earn puzzle pieces and checkmarks by
completing audios and videos and selected tasks (eg, practices),
and self-monitor (ie, view tables showing progress in mind-body
activities, pain, and mood).

OWLCP’s resources library (mind-body resources, low-cost
recommendations for nonpharmacological treatments, poetry,

community resources, and tips for health eating and recipes)
provides a range of chronic pain self-management practices.
The RA and primary investigator (PI) monitored the use of the
platform, posted questions to facilitate conversations on the
community page, and answered any relevant questions. In
addition, the participants were given access to a private journal.

For this study, we held two in-person group orientations for
participants on how to navigate the OWLCP website. During
the orientation, a clinician (PG), assisted by an RA,
demonstrated how to use the OWLCP system, log on, navigate
through the sessions, complete self-assessments, and interact
on the community blog page. Participants had continuous access
to OWLCP for 9 weeks. After the orientation, RAs called all
participants at weeks 1 and 4 to assess for adverse events,
remind them to log on to the website, and check in about
technology concerns or problems. Week 4 included a midpoint
survey that measured satisfaction and the number of times the
participant interacted with different website features (video,
audios, webpages, and blog).

Data Collection
Demographics included the following: age, sex, race, ethnicity,
primary language, education level, employment status, and
yearly household income. Race was categorized into
black/African American, white, or Other. Primary language was
dichotomized into English and Non-English. Education level
was categorized into high school/Generalized Education
Development (GED) or less, some college or associates/no
degree, and college graduate/postgraduate. Employment status
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was categorized into working full-time/part-time,
unemployed/retired, and sick leave/disability.

The following information was collected through self-reported
questionnaires at baseline and 9 weeks: Patient-Reported
Outcomes Measurement Information System (PROMIS-29)
[45], HEIQ Version 2.0 [44], pain self-efficacy, Perceived Stress
Scale (PSS), pain medication use, and Attitudes Toward
Computers Questionnaire (ATCQ) [46].

The PROMIS-29, a 29-item measure, assesses 7 domains:
anxiety, depression, fatigue, pain interference, physical function
and sleep disturbance, the ability to participate in social roles
and activities, and pain intensity [47]. Each domain is scored
separately with options ranging in value from 1 to 5, except for
the pain intensity item, which ranges in value from 0 to 10. The
pain impact score ranges from 8 to 50, which is a summed score
of physical function, pain interference, and pain intensity. Higher
score means that the patient is more impacted by pain. PROMIS
has been validated in low-income racially diverse patients [47].
HEIQ Version 2.0, an instrument for the comprehensive
evaluation of patient education programs, is a 40-item survey
separated into 8 domains: positive and active engagement in
life, health-directed behavior, skill and technique acquisition,
constructive attitudes and approaches, self-monitoring and
insight, health services navigation, social integration and
support, and emotional well-being. HEIQ uses a 5-point
Likert-type scale ranging from strongly disagree (1) to strongly
agree (5). Domain scores are calculated by adding the score of
items within scales and dividing the sum by the number of items
in a particular scale; therefore, all domain scores range between
1 and 4. Higher scores indicate higher levels of self-management
ability, with the exception of emotional distress where higher
scores indicate more distress [44].

Pain self-efficacy was measured with the Pain Self-Efficacy
Scale. It is a sum of 10 items, each rated on a scale of 0 to 6.
Higher scores indicate higher levels of confidence in
self-managing pain [48]. PSS measures the degree to which
situations in one’s life are perceived as stressful in the past
month. PSS is a sum of 4 items each with a 0 to 4 scale. Items
2 and 3 are reversely scored. Higher scores indicate higher levels
of perceived stress [48].

Data for self-reported pain medication use in the past 7 days
were recorded at baseline and 9 weeks. Medications were
categorized as either opioids, nonsteroidal anti-inflammatory
drugs (NSAIDs), or other medications. Opioid includes the
following: MS-contin, vicodin, oxycodone, oxycontin, percocet,
tramadol, tylenol with codeine #3, and other medications
(suboxone, codeine, and methadone). NSAIDs include
ibuprofen, naproxen, aspirin, and other (nabumetone, ketoprofen,
celecoxib). Miscellaneous/other medication includes
acetaminophen, cyclobenzaprine, gabapentin, and other
medications (pregabalin, diazepam, Biofreeze, nortriptyline,
lidocaine, naratriptan, Cymbalta, magnesium, tizanidine,
baclofen, and valium).

ATCQ assesses seven dimensions of attitudes toward computers.
We used two items of the seven dimensions: comfort and
efficacy. All items are in a 5-point Likert scale format, with
response options ranging from strongly disagree to strongly

agree [46]. The OWLCP platform tracks the number of log-ins
and minutes for all activities such as watching videos, body
scans, chair yoga, and meditations. All blog entries were
collected and categorized.

Surveys were administered either in person or on the phone or
via an email invitation through REDcap (v9.1.0 Vanderbilt
University)—a password-protected research tool. Participants
received US $50.00 for their involvement with the cohort study.
The initial US $25.00 was disbursed after completion of the
9-week survey, and the other US $25.00 was given after the
participants attended a focus group. These funds were disbursed
using BMC/s Clincard system.

Data Analysis
Descriptive statistics were used to analyze survey information
and adverse events. Means and SD as well as frequencies and
percentages were calculated for demographic characteristics.
Means and SDs were also calculated for PROMIS-29, HEIQ,
PSS, Pain Self Efficacy Scale, medication use, and ATCQ at
baseline and 9 weeks. In terms of OWL usage data, we tracked
and summed the average and total number of minutes of
mind-body practice, the number of times participants blogged,
the number of times participants used the journal, and the time
spent on OWLCP website. We also summarized quotes from
the blog.

For the PROMIS-29 questionnaire, the scores for 7 subscales,
except for pain intensity subscale, were converted into
standardized t scores and SDs and compared with a national
distribution of standardized t scores and SDs (mean 50, SD 10).
The 95% confidence intervals (CIs) were calculated for each
subscale in PROMIS-29. Higher scores are associated with
better outcomes for physical function and satisfaction of social
role. For physical function, the scores ranged from 1 (least
difficult) to 5 (most difficult). Therefore, we reverse-coded for
questions for physical function to make it a positive subscale.
The questions for satisfaction of social role were positively
scored. Lower scores are associated with better outcomes for
anxiety, depression, fatigue, sleep disturbance, and pain
interference.

Finally, pain intensity was scored using a 0 to 10 scale. Means
and SDs were calculated for this variable. A lower score was
associated with a better outcome. Pain impact score ranged from
8 to 50, which is a summed score of physical function, pain
interference, and pain intensity. A higher score meant being
more impacted by pain [49].

In HEIQ, the effect sizes and changes in percentages were
calculated based on the scoring instructions for HEIQ. Means
for each subscale at baseline and follow-up were calculated,
and the group-change effect size was calculated from the mean
change.

To compare the results between baseline and follow-up, we
applied t test and multivariate regressions. For continuous
outcomes with normal distributions, we used the paired t test.
For nonparametric continuous outcomes in PROMIS-29 and
ATCQ, we applied longitudinal linear regressions with Poisson
model and a time predictor to calculate the P values. For binary
outcomes in medication use questionnaire, the longitudinal
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logistic regression was used to compare baseline and follow-up
by calculating the odds ratios (ORs) and CIs. We used multiple
imputation method for missing data. For the blog posts from
the OWLCP platform, the posts were categorized by themes.
All quantitative analyses were conducted using SAS 9.3. (SAS
Enterprise Miner 13.1, SAS Institute Inc). For the qualitative
data collected, all blog posts were individually analyzed and
coded by 2 RAs using modified grounded theory. The blog posts
were independently coded, and a codebook was generated. The
PI primarily served to resolve differences found between the 2
initial coders.

This study was approved by the BMC Institutional Review
Board.

Results

The study flow, screening, and study enrollment are shown in
Figure 2. For possible participation in this study, the study team
contacted a total of 120 participants by phone who were either
self-referred or referred by a clinician. Of the total, 66
participants agreed to be screened, 59 were eligible, and 43 were
enrolled. Of these, 7 participants were screened and found
ineligible for the study (Figure 2). After enrollment (n=43), 2
participants voluntarily withdrew from the study, and 5
participants were lost to follow-up. Of these, 36 participants
completed follow-up data collection (17% did not complete
study). Specifically for the two cohorts, of the 18 participants
who started cohort 1, 17 completed, whereas of the 25
participants who started cohort 2, 19 completed.

Figure 2. CONSORT diagram.

Table 2 lists all demographics factors. At baseline, the average
age was 50 years, most participants were female (39/43, 91%),
37% (16/43) identified as black/African American, and 30%
(13/43) identified as white. Of these, 23% of the participants
(10/43) completed some high school. More than half of

participants had some college degree or higher (33/43, 77%).
Most participants were either unemployed/retired or on sick
leave/disability (28/43, 65%). Approximately 26% (11/43) of
the participants had a yearly household income of US $10,000
or less.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e14768 | p.216https://mhealth.jmir.org/2020/3/e14768
(page number not for citation purposes)

Gardiner et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Demographic characteristics.

P valueCohort 2 (n=25)Cohort 1 (n=18)Total (N=43)Variables

.2352.4 (12.9)47.7 (11.9)50.4 (12.6)Age (years), mean (SD)

Sex, n (%)

>.9923 (92)16 (89)39 (91)Female

.46Race, n (%)

8 (32)8 (44)16 (37)Black/African American

7 (28)6 (33)13 (30)White

10 (40)4 (22)14 (33)Othera

Hispanic/Latino, n (%)

.685 (20)2 (11)7 (16)Yes

Primary language, n (%)

>.9923 (92)17 (94)40 (93)English

.74Education level, n (%)

5 (20)5 (27)10 (23)High school/generalized education development or less

9 (36)7 (39)16 (37)Some colleges or associates

11 (44)6 (33)17 (40)College or associate graduate, postgraduate

.20Employment status, n (%)

9 (36)6 (33)15 (35)Working full time or part time

4 (16)7 (39)11 (25)Unemployed/retired/otherb

12 (48)5 (28)17 (40)On sick leave/disability

.22Yearly household income, n (%)

5 (20)6 (33)11 (26)US $10,000 or less

12 (48)4 (22)16 (37)US $10,001-US $90,000

8 (32)8 (44)16 (37)Refused/do not know

aOther includes Native American (n=2), refused to answer (n=1), and other races (n=11).
bOther includes student (n=3) and other working status (n=3).

Table 3 lists the baseline and 9-week PROMIS-29 average t
scores, means, SD, and 95% CI. At baseline, participants’
physical function was 12 points lower than the national average
standard t score (t score mean 38.2, SD 2.30). Table 3 shows a
comparison of PROMIS-29 between baseline and follow-up.
Depression decreased from baseline (t score mean 55.8, SD
2.87) to follow-up (t score mean 52.4, SD 3.40). This change
was statistically significant (P=.02) with a large effect size
(d=1.08). Satisfaction of social role increased from baseline (t
score mean 40.1, SD 2.51) to follow-up (t score mean 42.9, SD

2.6; P=.09, d=1.10). Pain interference also showed a significant
decrease (P=.003) with a large effect size (d=1.67) from baseline
(t score mean 66.7, SD 2.20) to follow-up (t score mean 63.1,
SD=2.10). Pain intensity decreased from baseline (mean 7.0,
SD 1.48) to follow-up (mean 6.5, SD 2.22; P=.07, d=0.27). The
decrease of pain impact was also statistically significant
(P=.007) with a medium effect size (d=0.42) from baseline
(mean 33.95, SD 7.4) to follow-up (mean 30.61, SD 8.53). There
was no significant change from baseline to follow-up for
physical function, anxiety, fatigue, and sleep disturbance.
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Table 3. Patient-Reported Outcomes Measurement Information System-29 results: baseline and 9 weeks.

Effect sizeP value9-week total (N=36)Baseline total (N=43)Item names

95% CIt score (df=35), mean (SD)95% CIt score (df=42), mean (SD)

Subscales (0-100)

0.09.8033.7-42.438.0 (2.2)33.6-42.738.2 (2.3)Physical function

0.21.9849.9-63.256.3 (3.4)50.4-63.657.0 (3.4)Anxiety

1.08c.02b46.1-59.352.4 (3.4)50.1-61.455.8 (2.9)Depressiona

0.87c.2553.0-62.957.7 (2.5)54.9-64.959.9 (2.6)Fatigue

0.62.1951.0-64.757.9 (3.5)53.0-67.260.1 (3.6)Sleep disturbance

1.10b.0937.7-48.142.9 (2.6)35.2-45.040.1 (2.5)Satisfaction of social role

1.67b.003a58.9-67.263.1 (2.1)62.3-71.066.7 (2.2)Pain interference

Subscales (0-10)

0.27.075.75-7.206.5 (2.2)6.60-7.497.0 (1.5)Pain intensity

Subscales (8-50)

0.42.007a13.9-47.330.61 (8.5)19.5-48.333.95 (7.4)Pain impact

aPaired t test was used for depression, which was normally distributed. Regressions were applied to calculate P values for other subscales.
bThe result is statistically significant at .05 level.
cThe result is of a large effect size (Cohen d>0.8).

Table 4 shows the results of HEIQ among all the participants.
There was a medium group-change effect size for skill and
technique acquisition subscale (0.51). There was a small
group-change effect size for health-directed behavior (0.35),
positive and active engagement in life (0.28), and social

integration and support (0.20). Net positive changes were seen
for all domains. There was an increase in pain self-efficacy from
baseline to 9 weeks (risk ratio [RR] 1.21 [95% CI 1.10-1.34];
P=.0001). No difference was seen in perceived stress score (RR
0.95 [95% CI 0.83-1.09]; P=.47).

Table 4. Health Education Impact Questionnaire results for all participants in Our Whole Lives for Chronic Pain study (N=35).

Net positive
change (%)

Percent with
reliable de-
crease (%)

Percent with reliable
increase (%)

Group-change effect

sizea
Mean
change

Follow-up
mean

Baseline
mean

Subscale names

173190.350.222.942.72Health-directed behavior

146190.280.153.172.99Positive and active engagement in
life

811190.170.073.213.12Self-monitoring and insight

38110.080.043.163.09Constructive attitudes and approach-
es

226280.510.253.072.82Skill and technique acquisition

146190.200.122.982.84Social integration and support

68140.190.093.263.17Health services navigation

3811−0.16−0.102.402.54Emotional distressb

aPercentages are the proportions of participants who exceeded the threshold for reliable change.
bPercentages for emotional distress are reversed—the proportions in the positive reliable change cell are of those participants who had a reliably greater
negative score on emotional distress at follow-up.

The medication use values of participants are presented in Table
5. At baseline, 74% (32/43) of all participants had any pain
medication use in last 7 days, which increased to 83% (30/36)
at 9 weeks (OR [95% CI]=1.69 [0.72-3.97], P=.23). Of these,
44% (19/43) used opioids at baseline, which decreased to 31%
(11/36) at 9 weeks (OR [95% CI]=0.61 [0.39-0.94], P=.03).

This was a statistically significant reduction in opioid use. In
all, 51% (22/43) had used NSAIDs at baseline, which decreased
to 44% (16/36) at 9 weeks (OR [95% CI]=0.73 [0.42-1.29],
P=.28). There was no significant difference for other pain
medication use between baseline (20/43, 47%) and 9 weeks
(19/36, 53%) (OR [95% CI]=1.21 [0.60-2.46], P=.59).
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Table 5. Pain medication use in the last week.

9-week total (N=36), n (%)Baseline total (N=43)a, n (%)Pain medication

30 (83)32 (74)Medication use

11 (31)19 (44)Opioid use

16 (44)22 (51)Nonsteroidal anti-inflammatory drug use

19 (53)20 (47)Miscellaneous/other medication use

aA total of 11 participants did not use medication at baseline.

Our Whole Lives Use and Attitude Toward Computer
Results
For results of participants’ attitudes toward computers, two
subscales—comfort and efficacy—were used. For the entire
sample, there were no statistically significant increases for either
comfort or efficacy (P=.53 and .57, respectively).

The time (in minutes) that participants spent on each activity
from the OWLCP website across 9 weeks was noted. For a
participant, the average number of minutes of use of OWLCP
was 659 min (minimum=2, maximum=2352). The average
numbers of days of use was 19 days (minimum=1 day,
maximum=63 days). On average, participants spent a total of
61 min completing body scan, 45 min watching health topic
videos, 25 min performing other meditation (AOB meditation,
sitting meditation, or loving kindness meditation), and 24 min
watching yoga videos. The mean number of log-ins per person
was 25 (SD 24.9).

For the community blog, there were 348 posts involving 27
participants—average of 14 posts per person (minimum 0,
maximum 51; 64% of the total sample), and for the private
journal, there were 122 posts involving 27 participants (64%
of the total sample; see Multimedia Appendix 1 for community
board themes). No adverse events were reported.

Discussion

This is the first study to test an online clinician-monitored
stand-alone self-management MBI system among urban diverse
patients with chronic pain. We found a statistically significant
increase in pain self-efficacy and a reduction in pain interference
and depression. The average pain impact score decreased
significantly, and the opioid use saw a 13% reduction. There
were no significant changes from baseline to follow-up for
physical function, anxiety, fatigue, and sleep disturbance. In
terms of health education impact, there were increases in skill
and technique acquisition, health-directed behavior, positive
and active engagement in life, and social integration and support.
Thus, we showed it is feasible for the OWLCP platform to
function without an in-person medical group visit.

The findings of decreased pain interference, pain self-efficacy,
and a reduction in average pain are consistent with those of
studies of rural patients and international studies [50-54]. For
example, Rini et al used an 8-week, automated, internet-based
system called PainCoach, which included mind-body exercises
in a racially diverse sample of participants with osteoarthritis
in North Carolina. There was a significant pain reduction in
women, and there were improvements in self-efficacy in both

men and women [55,56]. In an Australian RCT of 148
participants with knee osteoarthritis, the PainCoach intervention
significantly improved pain and physical function compared
with the control group at 3 months. These improvements were
sustained at 9 months [57]. Davis et al [51] studied an online
6-week MBI in patients with fibromyalgia, which showed an
increase in self-efficacy for coping with pain.

Given the significant issues associated with chronic pain and
its effect on work disability, social isolation, poor quality of
life, and function, there is a great need for easily accessible
culturally competent MBIs. An internet-based intervention that
promotes nonpharmacological self-management and social
support is an ideal approach in this population. Ziebland et al
[22] noted that patients with chronic pain who made contact
with others and learned from their experiences in managing
pain emphasized the benefits of peer support. Furthermore,
internet-delivered interventions would enhance accessibility for
patients with chronic pain in rural areas that have difficulty with
transportation or other physical limitations [58-61].

There have been several systematic reviews that have looked
at Web-based technology for the treatment of chronic pain using
nonpharmacological techniques such as MBIs [28,29,62-64].
In a systematic review of 16 studies by Toivonen et al [65],
Web-based MBIs for people with chronic pain or fibromyalgia,
irritable bowel syndrome, and other physical conditions showed
positive effects compared with usual care on a variety of
outcomes including pain acceptance, coping measures, and
depressive symptoms as reported by most studies. In addition,
systematic reviews have indicated that MBIs increase pain
acceptance, pain tolerance, and ratings of life quality and reduce
pain-associated psychological distress [66,67]. However, a more
recent meta-analysis by Bawa et al [68] reviewed 11 studies
that used only a randomized control group design provided less
substantial effect sizes (eg, compared with control conditions)
for clinical outcomes and considerable heterogeneity with regard
to effect sizes. Furthermore, systematic reviews have assessed
Web-supported MBIs on mental health reporting small to
moderate beneficial effects of the interventions on depression,
anxiety, stress, well-being, and mindfulness [69,70].

In total, 43% of our participants used opioids at baseline, which
showed a statistically significant decrease from 44% to 31% at
9 weeks. However, there was an increase in any pain medication
use, which increased from 74% to 83% at 9 weeks (OR [95%
CI]=1.69 [0.72-3.97], P=.23). This was not statistically
significant. This increase may be due to the increase in other
types of pain medications such as acetaminophen,
cyclobenzaprine, and gabapentin. For this analysis, we used
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self-reported data, which may have been underestimated by
participants. These findings need to be reproduced in a larger
fully powered RCT.

A variety of factors may contribute to the benefits gained from
using OWLCP as an MBI for patients with chronic pain. First,
OWLCP was designed to simulate social connections by using
an interactive blog. Using an iterative development process with
PAGs and extensive beta testing, OWLCP was designed for
low health literacy and diverse patient populations.

Many patients use the internet/mobile phone for social support,
maintaining relationships with others, and finding health
information [71]. In addition, the latest technology trends in the
United States indicate that mobile phone adoption rates by those
experiencing the highest rates of health disparities are increasing
[31-34]. A recent systematic review documented significant
improvements in outcome measures related to health behavior
change using internet websites [72,73].

Limitations
Limitations to this feasibility study include a small sample size,
short duration of the intervention, and self-reported information.
By including only participants who had access to the internet,
we may have biased the sample toward participants with
favorable use of technology. This limitation could be addressed

in future studies by providing a mobile phone and access to the
internet. The OWLCP system was developed in English, thus
excluding participants who were not fluent in English. Another
limitation of the study is that it lacked a control group and had
a larger sample of women compared with men. If this was a
larger study, some of these limitations would be addressed.
Although OWLCP recorded the number of minutes the
participant was logged into the system, we do not know if the
participant was actually practicing the mind-body techniques.
We had no external sensors or video cameras to document
objective measurement. On the flip side, we do not know if the
participant was practicing outside of being logged into OWLCP.

Conclusions
In conclusion, we found strong evidence on the feasibility of
OWLCP use by low-income, racially diverse patients with
chronic pain as a stand-alone intervention. OWLCP increased
pain-self efficacy and reduced pain interference and pain impact.
We hypothesized that the benefits include increase in skill and
technique acquisition, health-directed behavior, and social
integration and support. However, future studies should focus
on making OWLCP more accessible by removing the barrier
of internet reliability (stand-alone application) and including
other languages. Future studies should also add objective
measurements for OWLCP.
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Abstract

Background: Smart Walk is a culturally relevant, social cognitive theory–based, smartphone-delivered intervention designed
to increase physical activity (PA) and reduce cardiometabolic disease risk among African American (AA) women.

Objective: This study aimed to describe the development and initial usability testing results of Smart Walk.

Methods: Smart Walk was developed in 5 phases. Phases 1 to 3 focused on initial intervention development, phase 4 involved
usability testing, and phase 5 included intervention refinement based on usability testing results. In phase 1, a series of 9 focus
groups with 25 AA women (mean age 38.5 years, SD 7.8; mean BMI 39.4 kg/m2, SD 7.3) was used to identify cultural factors
associated with PA and ascertain how constructs of social cognitive theory can be leveraged in the design of a PA intervention.
Phase 2 included the analysis of phase 1 qualitative data and development of the structured PA intervention. Phase 3 focused on
the technical development of the smartphone app used to deliver the intervention. Phase 4 consisted of a 1-month usability trial
of Smart Walk (n=12 women; mean age 35.0 years, SD 8.5; mean BMI 40 kg/m2, SD 5.0). Phase 5 included refinement of the
intervention based on the usability trial results.

Results: The 5-phase process resulted in the development of the Smart Walk smartphone-delivered PA intervention. This PA
intervention was designed to target social cognitive theory constructs of behavioral capability, outcome expectations, social
support, self-efficacy, and self-regulation and address deep structure sociocultural characteristics of collectivism, racial pride,
and body appearance preferences of AA women. Key features of the smartphone app included (1) personal profile pages, (2)
multimedia PA promotion modules (ie, electronic text and videos), (3) discussion boards, and (4) a PA self-monitoring tool.
Participants also received 3 PA promotion text messages each week.

Conclusions: The development process of Smart Walk was designed to maximize the usability, cultural relevance, and impact
of the smartphone-delivered PA intervention.

(JMIR Mhealth Uhealth 2020;8(3):e15346)   doi:10.2196/15346
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Introduction

Background
Regular physical activity (PA) is an independent risk factor for
the prevention and control of cardiometabolic diseases, including
obesity, cardiovascular disease, and type 2 diabetes [1-3].
Despite the health benefits of PA, many African American (AA)
women are insufficiently active (ie, do not achieve the US
aerobic PA guidelines of 150 min per week of
moderate-intensity PA, 75 min of vigorous PA, or an equivalent
combination of durations and intensities [4]). Recent estimates
from 3 national surveys measuring population-based PA indicate
only 27% to 40% of AA women achieve the goals stated in
national aerobic PA guidelines [5]. These low PA levels likely
contribute to a high prevalence of obesity (56%) [6],
cardiovascular disease (48%) [7], and type 2 diabetes (13%) [8]
in AA women [9].

Emerging evidence from the proliferation of electronic health
(eHealth) and mobile health (mHealth) PA interventions largely
supports the preliminary efficacy of such interventions to
promote PA [10-14] and improve various cardiometabolic
disease risk factors [14]. A 2017 meta-analysis [15] highlighted
the effectiveness of eHealth and mHealth PA interventions when
compared with non–technology-delivered PA interventions.
The authors examined randomized trials testing
technology-delivered PA interventions (ie, interventions
delivered using mobile phones, websites, social media, and
email) vs non–technology-delivered PA interventions. The
results indicated that technology-delivered PA interventions
were 12% more effective for increasing PA than
non–technology-delivered PA intervention arms. A more recent
2019 meta-analysis [16] of smartphone-delivered PA
interventions further supported the use of innovative
technologies to deliver PA interventions, with results showing
smartphone-delivered interventions were efficient in increasing
both minutes (ie, 10.5 min) and steps per day (ie, 735 steps) of
PA.

eHealth and mHealth PA interventions also provide several
advantages when compared with traditional face-to-face methods
of intervention delivery. From a participant’s perspective,
participants have the ability to access PA intervention materials
virtually anywhere and at times convenient with their daily
schedules. These features can help overcome barriers associated
with in-person intervention delivery, including transportation
issues and balancing work and family life schedules to attend
intervention sessions [17-19]. From a research standpoint,
technology-delivered interventions provide the opportunity for
researchers to optimize theoretical fidelity (ie, defined by
Rovniak et al [20] as the precision in replicating theory-based
recommendations) of the behavior change principles
underpinning their interventions. For example, PA interventions
often use self-monitoring and feedback as methods to increase
self-efficacy for PA (ie, targeting self-efficacy sources of
mastery experiences and verbal persuasion). Before the

development of eHealth and mHealth technologies, many
researchers relied on participants to wear pedometers and
manually record their PA levels in diaries. These diaries were
then provided to the research team at a given time interval for
review (ie, once a week or once a month) and to formulate
feedback on participant progress. Current technology allows
this process to occur in real time with less participant burden
through the use of commercially available activity monitors,
which can be viewed as a closer match to theoretical ideals.
Similarly, social support for PA can be facilitated through
asynchronous Web-based discussion boards, text messages, and
video chats, as opposed to the traditional in-person social
support sessions held at specified locations at predetermined
dates and times.

Despite the favorable PA outcomes and advantages of using
eHealth and mHealth approaches to deliver PA interventions,
limited research has explored the efficacy of these types of
interventions among AA women. This observation is surprising,
given AA women engage in significantly lower PA levels than
men and women of other race/ethnicities [21,22] and use
electronic and mobile communication technologies (social
media, internet, and mobile/smartphones) at equal or greater
levels [23,24]. A recent review of eHealth and mHealth PA
interventions [25] identified only 6 studies focused on AA
women. Among these studies, all were preliminary in nature,
and none included a smartphone-based app to promote PA (ie,
3 studies used websites, 2 used text messages, and 1 used the
social media website Facebook and text messages). PA outcomes
of these studies were generally favorable, with 4 (67%) reporting
positive outcomes for at least one PA outcome measure.
However, because of heterogeneity of study designs,
multicomponent nature of interventions evaluated, and PA
assessment methods, the authors were unable to determine if 1
method of intervention delivery was more effective than the
another. Another main finding of this review was the lack of
cultural tailoring efforts employed by researchers. Only 3 studies
focusing on AA women (ie, 50%) reported some type of cultural
tailoring—2 were tailored at the surface level and 1 at the deep
structure level. Surface-level cultural tailoring involves matching
the packaging of a health promotion intervention to the overt
social and behavioral characteristics of the intended population
(ie, including images of AA women and statistics regarding the
PA health disparities of AA women [26]). Deep structure
cultural tailoring involves acknowledging a group’s sociocultural
values, beliefs, and behaviors and harnessing these phenomena
to promote behavior change [26]. Tailoring PA interventions
at the deep structure level may enhance the acceptability and
uptake of an intervention, which is expected to lead to greater
improvements in PA when compared with a nontailored or
surface-tailored PA intervention.

Objective
To address low PA levels, high cardiometabolic disease
prevalence, and limitations of previous research using eHealth
and mHealth technologies to promote PA among AA women,
we developed Smart Walk, an 8-month, deep-structure culturally
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tailored PA intervention for AA women aged 24 to 49 years
(identifier: NCT02823379 [27]). Women in this age range were
included in the intervention because it allowed us to tailor the
PA intervention to the sociocultural norms and lifestyle factors
of adult AA women of childbearing age and coincides with the
age range of adults with the highest prevalence of smartphone
use [28]. The purpose of this study was to address the relative
lack of published reports documenting the development process
of behavioral mHealth PA interventions by describing the
development and initial usability testing results of Smart Walk.

Methods

Description of the Smart Walk App
The Smart Walk intervention is primarily delivered through the
Smart Walk smartphone app. This app, developed specifically
for the study and available for iOS and Android operating

systems, includes 4 key features: (1) personal profile pages for
participants to share personal information (ie, name,
picture/image, age, city/neighborhood of residence, and brief
biography), (2) theory-based multimedia PA promotion modules
delivered weekly through brief videos and electronic text with
images, (3) asynchronous discussion boards for participants to
discuss each weekly PA module and give/receive social support,
and (4) a PA self-monitoring tool that integrates with Fitbit Alta
HR activity monitors for participants to monitor their daily and
weekly PA levels. In addition to the information delivered
through the smartphone app, participants received brief PA
promotion text messages delivered 3 times per week. An
overview of the key features of the Smart Walk intervention is
provided in Table 1. Screenshots of the Smart Walk app feature
are illustrated in Multimedia Appendices 1 and 2 and in a
recently published paper [29] describing the rationale and design
of the Smart Walk intervention.

Table 1. Overview of Smart Walk intervention components.

DescriptionIntervention component

Smartphone app features

Personal profile pages • Comparable with personal profile pages on commercially available social media websites (ie,
Twitter and Facebook)

• Allows participants to share information with other women in the study: name, personal picture/im-
age, age, neighborhood/area of residence, and brief biographical narrative.

• Aimed at creating a sense of community among study participants.

Weekly multimedia text and video
modules

• Primary delivery channel for the educational and behavioral components of the intervention.
• Modules consist of text- and image-based PAa promotion materials and brief 3- to 7-min videos

describing the PA promotion topic of the week.

Discussion board forum with weekly
discussion prompts

• Companion to weekly PA promotion modules
• Provide a venue for participants to reflect on information presented, share their personal experiences

about PA, and give/receive social support for PA.
• Also includes a general Community Board forum, where participants share information and/or

discuss topics that may not align with the weekly module topics.
• Primary mechanism to foster social support for PA through dialog among participants

PA tracker • Self-monitoring feature for tracking daily and weekly PA through interactive graphing functions
• Integrates with the Fitbit Alta HR activity monitor

Text messages delivered 3 times per week • Provide PA promotion reminders, tips, and encouragement

aPA: physical activity.

Results

Overview of the Smart Walk Development Process
The development of Smart Walk followed a 5-phase process.
Phases 1 to 3 focused on intervention development, phase 4

involved usability testing, and phase 5 focused on intervention
refinement based on usability testing results. Figure 1 provides
an overview of these phases. Detailed descriptions of methods
for each phase are presented below.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e15346 | p.227https://mhealth.jmir.org/2020/3/e15346
(page number not for citation purposes)

Joseph et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Overview of the Smart Walk development process.

Phase 1: Formative Research to Inform Theoretical
and Cultural Relevance of the Smart Walk
Intervention
In phase 1 of the intervention development, 25 AA women with

obesity (mean age 38.5 years, SD 7.8; mean BMI 39.4 kg/m2,
SD 7.3) were recruited to participate in a series of 3 focus group
sessions. These focus groups concentrated on collecting
information on AA women’s perceptions, experiences, and

determinants related to PA to inform the cultural and theoretical
relevance of the intervention. Eligibility criteria for participation
included (1) self-identifying as an AA woman, (2) being
between the ages of 24 and 49 years, (3) having a BMI greater

than or equal to 30 kg/m2, and (4) performing less than or equal
to 60 min per week of moderate-to-vigorous intensity PA
(according to the 2-item Exercise Vital Sign questionnaire [30]).
These inclusion criteria represented the desired target population
and end users of the Smart Walk intervention.
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The study protocol, reported elsewhere [31], engaged each
participant in a series of 3 focus group sessions. Each focus
group session explored specific PA-related topics to inform
development of the Smart Walk intervention. This cohort
approach allowed us to collect in-depth information from
participants while also being considerate of participant burden.
The results of these focus group sessions described how 5 social
cognitive theory constructs (ie, self-efficacy, self-regulation,
behavioral capability, outcome expectations, and social support)
could be integrated in the design of a culturally relevant PA
intervention for AA women. They also served to identify how
cultural norms and preferences of AA women could be
incorporated into the intervention design and delivery.
Previously published studies [31-33] provide an in-depth
description of the methodology and results of these focus group
sessions.

Phase 2: Development of the Behavioral Physical
Activity Intervention and Wellness Contact Control
Condition
Phase 2 of the intervention development was divided into 2
distinct subphases. The first subphase (phase 2a) focused on
the development of the structured behavioral PA intervention
as well as the attention-matched wellness control condition
(named Smart Health) that would serve as a control group in
the Smart Walk pilot trial. The second subphase (phase 2b)
involved creation of the multimedia videos and print-based PA
promotion materials used to deliver the PA intervention.

Phase 2a: Development of the Structured Physical
Activity Promotion Program
In this phase, the research team used the qualitative data
collected in phase 1 to refine and enhance a previously
established PA promotion intervention for AA. This previously
established program [34] was originally developed and
pilot-tested in an 8-week randomized controlled trial using
Facebook and text messages as the delivery method.
Modifications to the PA program focused on (1) enhancing
theoretical fidelity [20] of social cognitive theory constructs
targeted by the intervention, (2) refining the cultural relevance,
and (3) extending the length of the active intervention from 8
weeks to 4 months. The research team also identified and
developed content for the wellness control during this phase.
Health topics for the wellness control were selected based on
their relevance to overall health and wellness but not inclusive
of cardiometabolic disease risk (ie, breast and cervical cancer
screenings, stress management, and preventing the cold and
flu), including specific health topics relevant to AA women (ie,
hair care and sickle cell disease). Content for the wellness
contact control condition was developed through reviews of the
scientific literature, rather than formative work with the study
population.

Intervention content was developed collaboratively among
members of the research team. These efforts resulted in the
creation of 14 separate print-based PA promotion modules and
14 wellness modules to be delivered in the attention-matched
control condition. Specific PA and health topics covered in
these modules are presented in Table 2.

Table 2. Module topics by study group.

Smart Health module topicsSmart Walk module topicsModule number

Sunscreen and skin careIntroduction to the national PAa guidelines and the health benefits of PA1

Hydration and water consumptionOverview of PA-related health disparities among African American women and the im-
portance of being a PA role model

2

Heat illness: causes, symptoms, and
prevention

Time management and strategies for incorporating 30 min of PA into the day3

Discussing your health with your doctorPA goal setting4

Breast cancer prevention and screeningOvercoming general barriers to PA5

Cervical cancer prevention and screeningTips for increasing daily PA6

Hair careOvercoming hair care barriers to PA7

Oral healthCreating a social support network for PA8

Eye healthTrying new types of activities9

Sickle cell diseaseReducing sedentary time10

Stress managementDietary behaviors to complement PA11

Preventing the cold/fluMuscle strengthening and stretching activities to complement aerobic PA12

Staying healthy when travelingDealing with setbacks13

Review of previous modulesReview of previous modules and maintenance of PA after the active intervention phase14

aPA: physical activity.

After initial drafts of the print-based PA promotion and wellness
attention-matched control group materials were developed, a
professional copyeditor reviewed and edited the print-based

intervention materials and developed oral scripts. Edits focused
on grammar, message clarity, and simplifying the text to ensure
all materials were written at or below an eighth-grade reading
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level. Throughout the editing process, the copyeditor worked
with the research team to ensure that the edits did not change
the original meaning or cultural relevance of the intervention
materials. Oral scripts included the same content as the
print-based materials but were designed to be read out aloud by
the study spokesperson during the development of the module
videos used for the PA program and the wellness control
condition.

Once finalized, the intervention was designed to target social
cognitive theory constructs of behavioral capability, outcome
expectations, social support, self-efficacy, and self-regulation
and to address deep structure sociocultural characteristics of
collectivism, racial pride/role modeling, and physical appearance
norms of AA women (ie, hairstyle and body shape preferences
of AA women). The strategies used to address these theoretical
constructs and cultural characteristics are briefly described in
Tables 3 and 4. Readers are also referred to a recent publication
by our research team for a more in-depth description of these
design characteristics [29].

Phase 2b: Development of the Multimedia Physical
Activity and Health Promotion Modules
After the development of the structured PA promotion and
attention-matched wellness control materials, the research team
collaborated with a local photography/videography company
to (1) create images to be included in the electronic print-based
PA promotion materials and (2) develop the video vignettes
used to deliver the intervention. To create the images for
inclusion of the intervention materials, local AA women of

diverse ages and body types were recruited to participate in a
photo shoot. This photo shoot was designed to capture local
AA women engaging in various types of PA. The decision to
use local women in these intervention videos and images, as
opposed to professional models or stock photos, was purposeful,
as research [35,36] suggests that social modeling from real-life
members of the community who possess characteristics of the
study participants (eg, having a history of struggling with being
physically active and trying to find a work and family life
balance to allow being physically active) enhances the credibility
and relatability of the information portrayed in a PA promotion
program.

To create the 3- to 7-min intervention videos, 2 separate 1-day
video shoots were conducted. At the first video shoot, initial
versions of all module videos were filmed. After all videos were
filmed, the videographer created rough cuts of the module videos
for the research team to review. After an initial review of the
videos, the research team determined several of the videos
needed to be refilmed to enhance intervention delivery. After
this reshoot, the videographer performed postproduction edits
to all module videos and added background music, interactive
graphics, and on-screen text. These postproduction edits served
2 functions: (1) to reinforce and emphasize key content
discussed in the intervention and (2) to make the videos more
interactive and engaging to watch. The research team worked
iteratively with the videographer during this postproduction
process until both parties were satisfied with final versions of
all videos.

Table 3. Theoretical constructs targeted by the intervention.

How the construct is addressed in the interventionBrief descriptionSocial cognitive theory
construct

Intervention materials provide information on the health benefits of regular
PA, the national PA guidelines, how to gauge the intensity of PA performed,
and strategies to achieve the national PA guidelines.

Knowledge and skill to perform a PAaBehavioral capability

Intervention materials highlight the health (ie, reduced cardiometabolic disease
risk) and social benefits (ie, being a role model) of being physically active.

Anticipated outcomes of engaging in PAOutcome expectations

Text messages provide messages of support and encouragement for PA. Dis-
cussion board forums prompt discussion focused on increasing social support
for PA.

Extent to which significant referents ap-
prove, encourage, and/or influence per-
formance of PA

Social support

Participants are provided a static intervention goal of achieving a 150 min per
week of PA and provided an activity monitor to self-monitor their PA to achieve
this goal.

Ability to manage social, cognitive, and
motivational processes to achieve a de-
sired PA goal

Self-regulation

Intervention messages provide encouragement for PA engagement (ie, verbal

persuasion), intervention content includes images of AAb women engaging in
various types of PA and PA testimonials (ie, social modeling), and participants
are encouraged to track their PA as they implement behavior change strategies
targeted by the intervention (ie, mastery experiences).

Confidence in oneself to take action and
overcome barriers

Self-efficacy

aPA: physical activity.
bAA: African American.
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Table 4. Cultural characteristics targeted by the intervention.

How the cultural characteristic is addressed in the interventionBrief descriptionCultural characteris-
tics

Intervention materials place emphasis on the following:Prioritization of the needs of others (ie, family/close friends)

before the needs of their own, which can result in AAa women

reporting lack of time, energy, or resources for PAb engage-
ment. Although this phenomenon is reported among women
of other races/ethnicities, previous research, including our
own formative work, has suggested this concept may be more
accentuated in the AA community.

Collectivism

• Importance of caretaking in the value system of AA
women.

• Regular PA engagement is an investment in the health
and well-being of AA women, not taking time away from
their family/friends or other responsibilities.

• Regular PA will help AA women to perform their care-
taking and other responsibilities with more energy and
for a longer duration throughout the lifespan.

PA promotion materials emphasize that physically active AA
women are positive role models for other members of the AA
community, which can encourage others in their community
(ie, family and friends) to become active and adopt healthy
lifestyle behaviors.

Many AA women are aware of, and interested in, how their
behaviors can contribute to the collective health and well-being
of the AA community.

Racial pride/role
modeling

Intervention materials:Some AA women are hesitant to engage in PA because of the
following reasons:

Physical appearance
preferences • Include hairstyling strategies to reduce the negative ef-

fects of perspiration while performing PA (ie, use hair
wraps and certain hair care products that negate the ef-
fects of sweating) and encourage women to adapt
hairstyles that are less affected by perspiration (ie, braids
and natural hairstyles).

• Perspiration can have a negative effect on their hairstyle.
• They have the perception that PA will alter their desired

body shape.

• Inform participants that engaging in PA at the levels
recommended by the study (ie, 150 min per week) will
not substantially change their body shape unless they also
change their dietary habits.

• Emphasize the health benefits of PA independent of
weight loss (ie, reduced cardiometabolic disease risk,
weight maintenance, and increased energy).

aAA: African American.
bPA: physical activity.

Phase 3: Development of the Smartphone-Based
Platform to Deliver the Physical Activity Program
Phase 3 of program development focused on technical
development of the smartphone app platform used to deliver
the interventions. This task was accomplished through a
collaborative process involving the study’s principal investigator
(PI) and a software engineer serving on the project team.

During initial meetings with the software development team,
the PI provided a general overview of the operating system
requirements (ie, available for iOS and Android devices), desired
features, and preliminary thoughts on the visual layout of the
study apps. Drawing on these initial discussions, the software
engineer worked in 1- to 2-week iterative sprints over the course
of a 7-month period to build the platform used to deliver both
the PA and wellness attention-matched control interventions.
During each sprint, the software engineer worked on a defined
task until a prototype was ready for preliminary review and
usability testing by the research team. Following review and
testing by the research team, either further modifications were
requested or the prototype was approved and filed as complete.
This process was repeated over the course of 7 months until an
initial version of both smartphone apps was developed.

The initial prototype of the Smart Walk intervention included
the following 3 features: (1) multimedia PA promotion modules

consisting of brief videos and electronic text with images, (2)
discussion boards for participants to discuss the weekly PA
modules and give/receive social support, and (3) a PA
self-monitoring/tracking tool that integrated with the Fitbit Alta
HR activity monitor. The Smart Health app included all the
same features, with the exception of the PA
self-monitoring/tracking feature. Screenshots of these initial
prototypes are available upon request from the first author of
the paper.

Phase 4: Preliminary Usability Test Trial
After the initial development of the study smartphone apps, a
1-month usability trial was conducted. The methods used in this
trial allowed the research team to obtain participant feedback
on (1) specific issues associated with the usability and
functionality of the study apps and (2) their overall thoughts
regarding health promotion programs when implemented in the
real world. This trial also provided the opportunity for the
research team to test the computer-based algorithms used to
deliver the interventions (ie, uploading of new modules and
discussion board topics and delivery of text messages) before
large-scale testing.

Usability Trial Methods
A total of 12 insufficiently active (ie, ≤60 min per week of at
least moderate PA according to the Exercise Vital Sign
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questionnaire [30]) AA women with obesity (ie, BMI≥30 kg/m2)
who were between the ages of 24 and 49 years participated in
this trial. These sample characteristics reflect the inclusion
criteria for women subsequently recruited for a randomized
pilot trial of the intervention. Participants were randomly
assigned using stratified randomization based on participants’
smartphone operating system (ie, iOS or Android) to receive
either the culturally relevant PA program (ie, Smart Walk) or
the wellness attention-matched control (Smart Health). This
randomization method ensured balanced feedback from users
of both operating systems on both study apps. After
randomization, participants received all intervention materials
originally designed to be delivered over a 4-month active
intervention period in an abbreviated 1-month trial period.

During the trial, study staff communicated with participants (ie,
via telephone, text message, or email based on participants’
preferences) to inquire about any functionality or usability issues
with the apps during weeks 1 and 3. Participants also
occasionally emailed study staff and/or posted comments on
the app discussion boards when they experienced a usability or
functionality issue. After completion of the 1-month trial,

participants were invited to participate in a focus group session
to provide feedback on the smartphone-delivered program they
received. Women not available to participate in the focus group
session were provided the option to participate in a one-on-one
in-person interview. Participants were provided US $30 for
participating in the 1-month demonstration trial and an
additional US $20 for participating in a focus group or interview
session. No other strategies for recruitment or retention were
employed.

Focus groups and interviews were led by an AA facilitator who
was trained in qualitative data collection methods by the study
PI. Guides used to facilitate focus group and interview sessions
are presented in Textbox 1. All data collection sessions were
audio-recorded, transcribed verbatim, and imported into
NVivo12 (QSR International) for analysis. Content analysis
[37] was used to analyze the participant narratives. In total, 2
coders reviewed study data independently and then met to
discuss themes until consensus was reached. Final themes used
in the analysis were based on major topics explored by the focus
group/interview guide and repetitive themes that emerged during
data collection assessments.

Textbox 1. Postusability trial focus group/interview guide questions. Similar guides were used in both study arms. The only differences between guides
were (1) the reference to either Smart Walk or Smart Health, and (2) question 6 was only asked for participants assigned to the Smart Walk study group.

1. What are your overall thoughts about the [Smart Walk or Smart Health] app?

2. Please share your thoughts about the overall usability and functionality of the [Smart Walk or Smart Health] app.

3. Thinking about the multimedia video and text modules on the [Smart Walk or Smart Health] app, what are your thoughts on them?

4. What are your thoughts about the text messages you received?

5. Please describe your thoughts about the [Smart Walk or Smart Health] Discussion Boards?

6. Let’s talk about the activity tracking feature. What are your thoughts on using it?

7. Overall, what are your opinions on the [Smart Walk or Smart Health] program as whole?

8. Other than a smartphone application, how would you like to receive a health promotion program?

9. Is there anything else you would like to tell us about the Smart Walk [or Smart Health] application or physical activity program that we have not
already discussed?

Usability Trial Results
The 12 participants had a mean age of 35.0 years (SD 8.5) and

a mean BMI of 40 kg/m2 (SD 5.0). Of these 12 participants, 7
accessed the study smartphone apps with an Android device
(n=3 in PA arm and n=4 in wellness arm), and 5 accessed the
study smartphone apps with an iOS device (n=3 in PA arm and
n=2 in wellness arm). Feedback regarding the usability and
functionality of the Smart Walk app was obtained through 2
focus group sessions (group sizes were n=4 and n=2). Feedback
on the Smart Health app was collected through 1 focus group
(n=2) and 4 one-on-one interviews. The qualitative assessments
lasted between 33 and 56 min for the focus group sessions and
between 18 and 22 min for the one-on-one interviews.
Participant narratives were classified into 3 overarching themes:
usability/functionality issues, desire for enhanced
personalization, and overall impressions of the intervention.

Usability/Functionality Issues
Participants identified several usability and functionality issues
for the Smart Walk and Smart Health study apps. These concerns
were classified into subthemes according to specific app feature.
Participant quotes illustrating usability/functionality issues
discussed below are presented in Multimedia Appendix 3, as
are the refinements made to the intervention based on participant
feedback.

Multimedia Modules
Overall, participants in both study groups reported encouraging
sentiments regarding the information delivered through the
multimedia modules. However, several usability and
functionality issues associated with module delivery emerged.
These included (1) excessive video buffering when participants
had limited cellular service and/or intermittent wireless internet
network connection; (2) audio portion of videos was not playing
on select Android devices (this was because of an error in video
filter settings); and (3) video display on iOS devices defaulting
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to full screen, which did not allow participants to simultaneously
listen to the video and read the text.

Discussion Board Forums
Participants identified 2 key usability/functionality issues
associated with the app’s discussion board feature. The first
was a platform-specific issue for some, but not all, Android
users that resulted in a deletion of unsaved text if participants
rotated their phone while typing a discussion board post. The
second issue was related to participant desire for enhanced
interactivity. Participants indicated that they would like to
receive real-time notifications when other study participants
posted on the discussion boards, as opposed to having to
periodically check the study app to see if anyone posted and/or
replied to the boards. When discussing strategies to provide
these notifications, text messages and push notifications were
mentioned by participants. As the conversations progressed, it
became clear that most participants preferred the use of push
notifications over text messages.

Activity Tracker
Participant feedback on the activity tracker feature revealed 2
primary concerns. The first issue was related to the wrist-worn
Fitbit activity monitor not accurately recording all
moderate-to-vigorous activities. Several participants noted
engaging in physical activities with restricted arm movement
(ie, stationary cycling) that were not accurately being recorded
by the wrist-worn device. Similarly, a few participants perceived
this to be an issue, when in actuality, they were engaging in
activities not considered moderate-to-vigorous intensity aerobic
activities (ie, yoga and walking at a cadence that did not meet
the criterion for moderate-intensity activity). The second issue
was that, for some participants, the commercial Fitbit software
was not automatically communicating with the Smart Walk app.
This technological issue resulted in the Smart Walk app not
always updating participants’ minutes per day of
moderate-to-vigorous PA unless they first opened and refreshed
the commercial Fitbit app.

Desire for Enhanced Personalization and
Individual-Level Tailoring
Throughout the focus groups and individual interviews,
participants expressed the desire for both study smartphone
apps to include additional features to promote an enhanced sense
of personalization and individual-level tailoring. Participants
described that although they viewed the intervention content as
favorable, additional steps could be taken to facilitate a sense
of community among study participants and to individually
tailor the program to each participant. Discussions on this topic
resulted in participants suggesting 3 key modifications to the
study smartphone apps: (1) addition of personal profile pages,
(2) personalization of the discussion boards, and (3)
individual-level tailoring of text messages. Participant quotes
highlighting these suggested revisions to the study app are
presented in Mutlimedia Appendix 3.

Addition of Personal Profile Pages
One strategy that seemed to enhance personalization of the apps
was the addition of a personal profile feature. This feature was
initially brought up in the first Smart Walk focus group session.

Subsequent conversations regarding the creation of personal
profile pages revealed that participants envisioned this feature
to be similar to profile pages on social media websites (ie,
Facebook and Twitter) and expressed that adding this feature
would help create a stronger sense of community among users.
Specific information recommended by participants to include
on this feature included participant name, personal
picture/image, city/neighborhood of residence, and a brief
biography. However, it should be noted that not all participants
were as enthusiastic about the idea of adding a personal profile
page to the study apps. In the end, there was a consensus among
participants that the profile page would be a good addition if it
was optional for participants to complete.

Personalized Discussion Board Forums
Another topic that emerged was participants’ desire for
additional discussion board forums where they could create
and/or drive the conversation narrative, rather than relying on
the weekly topic-specific discussion board prompts designed
to facilitate discussion. Discussion board forums during the
usability trial were tied directly to the weekly module topics
and included prompts to facilitate topic-specific discussion.
Some participants alluded to the notion that this felt restrictive
and did not provide an opportunity to engage in organic dialog
on topics not directly related to the weekly module topics.
Participants indicated that they would like the opportunity to
create their own discussion threads and discuss topics not
specifically related to the weekly modules.

Individual-Level Tailoring of Text Messages
Discussion on the study text messages revealed 2 minor
modifications that could be implemented to help achieve a sense
of individual-level tailoring: (1) address participants by name
in the text messages and (2) allow participants to specify the
time of day they would like to receive text messages. Several
participants noted that they perceived the text messages as
impersonal or generic. These women emphasized that including
their name in the text messages would make them feel special
and provide a sense of individual-level tailoring. With reference
to the time of day the text messages were delivered, the study
protocol during the demonstration trial had all participants
receive a text message at 8:30 am. Several participants stated
that this time was not ideal, and they would prefer to select the
time of day to receive the text messages.

Overall Impressions of the Intervention
Participants reported favorable overall impressions of the
smartphone-delivered interventions. Quotes highlighting this
sentiment for participants assigned to the PA intervention (ie,
Smart Walk) included, “The app itself, I thought it was really
informative, and it was fun to watch the videos, and participate
in the discussion boards,” “I learned new stuff,” and “I thought
that it was cool... And it was clear. So I enjoyed it.” Similarly,
participants assigned to the overall health and wellness group
(ie, Smart Health) enjoyed the app and felt it was useful for
others. Despite favorable overall impressions of the intervention,
several participants noted the abbreviated 1-month duration of
the trial resulted in too much information being delivered over
a short period (ie, 1-2 text messages each day and new module
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and discussion board prompt every 2-3 days). Quotes
highlighting this included “I think the text messages were a bit
excessive.” and “Since it was condensed, we go text more often
than we normally would...I had to remember that. I’m like, this
is a little, I can’t keep up.” As conversations on this topic
continued and the facilitator described the delivery schedule for
forthcoming randomized controlled trial (ie, 1 new module
topic/discussion board prompt per week and 3 text messages
each week during the active 4-month intervention phase),
participants expressed that the intervention dose for which
materials were originally designed to be delivered seemed more
appropriate.

Phase 5: Intervention Refinement
Phase 5 focused on refining the intervention according to
participant feedback from phase 4. To accomplish this, the
research team systematically evaluated participant narratives
and recommendations for intervention improvement. On the
basis of this analysis, numerous refinements and modifications
were made to the study apps, which are illustrated in Multimedia
Appendix 3. The screenshots of the final versions of both the
Smart Walk and Smart Health apps are presented in Multimedia
Appendices 1 and 2.

Discussion

Principal Findings
The development of the Smart Walk interventions occurred over
a 3-year period. It was made possible through a National
Institutes of Health (NIH) career development award (ie,
K99HL129012 and R00HL129012) and involved expertise from
a diverse set of researchers, software engineers, industry
professionals (ie, videographer/photographer and copyeditor),
and intended users of the intervention. The methods used
emphasize the importance of creating a transdisciplinary
research team when developing innovative approaches to address
major public health issues and the significance of conducting
extensive formative research with end users of an intervention.

A novel aspect of the information reported in this paper is the
methods and results of the 1-month usability trial (ie, phase 4
of intervention development). The methods employed in this
phase allowed the research team to obtain feedback on the
usability and functionality of the study apps as well as
participants’ overall impressions of the interventions when
implemented in a real-world setting. We selected this method
of participant usability testing, as opposed to more preliminary
laboratory-based methods (ie, user-centered design or think
aloud techniques), because the research team conducted these
types of laboratory tests internally during phase 3 of intervention
development. Given the research team included commercial
mHealth app users who also have experience developing
research-based eHealth and mHealth PA interventions
[34,38,39], we relied on our previous experience and expertise
in these areas to conduct preliminary usability tests.

The results of the usability trial emphasize the importance of
pilot-testing smartphone apps on various operating systems (ie,
iOS and Android) and smartphone devices, as our results
indicated app functionality varied based on these factors (ie,

video sound was not audible on select Android devices and
defaulted to full screen on iOS devices). Another important
aspect that emerged from the usability trial was the need to
enhance the individual-level tailoring and/or personalization of
the interventions. Participants discussed, at length, the need for
the interventions to be tailored to them at the individual level
and not just to their sociocultural characteristics associated with
being an AA woman. The strategies proposed by participants
to achieve this level of personalization included incorporating
their names into the app features (ie, home page and activity
tracker) and text messages, allowing them to create personal
profiles, and creating a community discussion board forum
where they can drive the discussion narrative, rather than the
research team. Participants also noted the need to enhance the
interactivity of the app discussion boards by adding push
notifications to notify participants when other women post on
the discussion boards. Participants described that this feature
is common among other apps they use (ie, Facebook) and is
expected if a goal of the study was to promote communication
and dialog with other users.

The results of the usability trial also highlight the challenges
researchers face when developing mHealth interventions. As
evidenced by our usability trial results, participants expect
research-based smartphone apps to be just as interactive,
engaging, and easy to use as commercially available apps. In
our experience, this can be somewhat difficult to achieve
because of grant funding cycles (ie, typically no more than 2-5
years to develop, implement, and evaluation outcomes),
available resources (ie, money and access to software engineers),
and the rapid pace at which technology changes. In addition,
there is a need for researchers to justify why creation of a new
app is necessary, as there are thousands of other health
promotion apps commercially available to consumers. In our
case, the novelty of the intervention is that it is driven by theory
and deep structure and culturally tailored to the sociocultural
norms and behavior preferences of AA women, which is an
important addition of the eHealth and mHealth field of study.
These factors are designed to enhance acceptability and salience
of the intervention, which, in turn, is expected to lead to the
desired behavioral outcome of increased PA.

It is also important to discuss the nuanced relationship between
the behavioral PA program and the smartphone app used to
deliver it, as we view these as complementary yet separate
entities. The behavioral PA program, developed in phases 1 and
2, can be adapted for delivery using other modalities (eg,
in-person group-based sessions) without significantly altering
cultural relevance or theoretical underpinnings of the program.
Similarly, the smartphone app used to deliver the PA program
can be modified to deliver other health promotion programs (ie,
as was done for the Smart Health attention-matched wellness
control condition). Given the differentiation between the
behavioral PA program and the delivery channel can sometimes
be a source of confusion when discussing eHealth and mHealth
research with colleagues, community members, and students
alike, we encourage researchers conducting future eHealth and
mHealth interventions to clearly distinguish between the
behavioral components of a program and the delivery channel
when applicable.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e15346 | p.234https://mhealth.jmir.org/2020/3/e15346
(page number not for citation purposes)

Joseph et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Future Directions
Smart Walk is currently being tested in an 8-month randomized
controlled pilot trial. Cardiometabolic end points of the
intervention include reductions in total cholesterol, low-density
lipoprotein cholesterol, systolic and diastolic blood pressure,
fasting glucose, aortic pulse wave velocity, and proinflammation
cytokines (tumor necrosis factor alpha and interleukin 1 beta);
an increase in high-density lipoprotein cholesterol; and
improvements in cardiorespiratory fitness.

Data collected from this trial will provide information on
preliminary efficacy of the intervention and highlight areas for
further intervention refinement before large-scale testing.

Conclusions
Smart Walk is an innovative approach to promote PA and reduce
cardiometabolic disease risk among AA women. The formative
work described in this paper was designed to enhance the
cultural and theoretical relevance of the intervention as well as
optimize user experience with using the Smart Walk app. The
methods described can provide a framework for other
researchers to follow when developing future eHealth and
mHealth interventions.
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Abstract

Background: There are over 2 million newly diagnosed patients with breast cancer worldwide with more than 10,000 cases in
Taiwan each year. During 2017-2018, the National Yang-Ming University, the Taiwan University of Science and Technology,
and the Taiwan Breast Cancer Prevention Foundation collaborated to develop a breast cancer self-management support (BCSMS)
mHealth app for Taiwanese women with breast cancer.

Objective: The aim of this study was to investigate the quality of life (QoL) of women with breast cancer in Taiwan after using
the BCSMS app.

Methods: After receiving a first diagnosis of breast cancer, women with stage 0 to III breast cancer, who were recruited from
social networking sites or referred by their oncologists or oncology case managers, were randomized 1:1 into intervention and
control groups. Intervention group subjects used the BCSMS app and the control group subjects received usual care. Two
questionnaires—the European Organization for Research and Treatment of Cancer (EORTC) Quality-of-Life Questionnaire Core
30 (QLQ-C30) and the EORTC Breast Cancer-Specific Quality-of-Life Questionnaire (QLQ-BR23)—were distributed to subjects
in both arms. Paper-based questionnaires were used at baseline; paper-based or Web-based questionnaires were used at 1.5-month
and 3-month follow-up evaluations. All evaluations were self-assessed and anonymous, and participants were blinded to their
allocation groups. Descriptive analysis, the Pearson chi-square test, analysis of variance, and the generalized estimating equation
were used to analyze the data. Missing values, with and without multi-imputation techniques, were used for sensitivity analysis.

Results: A total of 112 women were enrolled and randomly allocated to either the experimental group (n=53) or control group
(n=59). The follow-up completion rate was 89.3% (100/112). The demographic data showed homogeneity between the two groups
in age (range 50-64 years), breast cancer stage (stage II), marital status (married), working status (employed), and treatment status
(receiving treatments). The mean total QoL summary scores from the QLQ-C30 (83.45 vs 82.23, P=.03) and the QLQ-BR23
(65.53 vs 63.13, P=.04) were significantly higher among the experimental group versus the control group, respectively, at 3
months.
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Conclusions: This research provides support for using a mobile health care app to promote the QoL among women in Taiwan
after a first diagnosis of breast cancer. The BCSMS app could be used to support disease self-management, and further evaluation
of whether QoL is sustained is warranted.

Trial Registration: ClinicalTrials.gov NCT004174248; https://clinicaltrials.gov/ct2/show/NCT04174248

(JMIR Mhealth Uhealth 2020;8(3):e17084)   doi:10.2196/17084
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breast cancer; mHealth app; self-management; quality of life

Introduction

Background
Breast cancer has been the most common type of malignant
cancer in women in Taiwan for more than 10 years and is the
fourth-leading cause of death [1]. Each year, more than 10,000
women are diagnosed with breast cancer, and about 2000 women
die from breast cancer: in 2014, there were 12,714 new
diagnoses and 2083 deaths. The incidence of breast cancer in
Taiwan is common in younger women, 40-65 years of age, with
stages 0 to II being the most common at diagnosis [2]. With
early detection and treatment of breast cancer, the treatment
effect is good. With appropriate treatment, the 5-year relative
survival rate approaches 87.2% and breast cancer is often
regarded as a chronic disease. Breast cancer treatment includes
breast preservation or resection, chemotherapy, hormone
therapy, and targeted therapy [3-5]. The most common side
effects differ by treatment method and include surgical-wound
pain, nausea, and vomiting (see Table 1). Treatment side effects
can cause anxiety and depression, which can affect a woman’s
willingness to undergo treatment and can severely decrease the
quality of life (QoL) for women with breast cancer [6-12].

Today, the self-management model is generally valued and
promoted in Taiwan and abroad [13-15]. Self-management is
different from traditional disease management; this includes
education, emphasizing patient-centered and disease-oriented
self-management, and taking the initiative to participate in health
care activities. With self-management, the patient learns problem
solving, disease control, life adjustment, physical and mental
symptom management, and lifestyle changes in order to coexist
with a chronic disease in daily life. A systematic review on
chronic disease intervention studies showed that
self-management can significantly improve knowledge of
chronic disease, enhance self-care behavior, and increase
self-efficacy [16]. In a study of chronic disease self-management
applied to women with breast cancer, it was found that
self-management measures can effectively improve the QoL

for women living with breast cancer, increase self-efficacy, and
help women to better manage their medical and emotional tasks
[17].

The World Health Organization defines QoL as “an individual's
perception of their position in life in the context of the culture
and value systems in which they live in relation to their goals,
expectations, standards and concerns. It is a multifaceted concept
affected by the person's physical health, psychological state,
personal beliefs, social relationships and their relationship to
salient features of their environment” [18]. QoL can be
objectively measured. While breast cancer is the most common
cancer among Taiwanese women, the survival rate is high.
Providing patients with adequate physical and psychological
treatment and care could improve their QoL, which becomes
an important indicator of the quality of medical care [19-21].
Therefore, the measurement of QoL can objectively reflect the
response of women with breast cancer to disease and provide
important evaluation indicators for the effectiveness of
interventions.

The use of mobile apps by patients with cancer is becoming
more common. More than half of patients with cancer are willing
to transmit information through an app to support their
treatment, and 84% of medical professionals, mainly physicians,
support the use of apps among this population [22,23]. One
study suggests that apps can support outpatient visits,
documentation of adverse events, treatment, and medication
reminders [22]. Mobile apps have also been developed for breast
cancer self-management [24-27]. However, we are unaware of
any mobile self-management apps developed specifically for
Taiwanese women with breast cancer. Therefore, our team
developed the breast cancer self-management support (BCSMS)
mHealth app to address this gap. The development and usability
testing of the BCSMS app has been reported previously
(publication is forthcoming). The purpose of this study was to
evaluate the impact of using the BCSMS app on the QoL of
Taiwanese women after an initial diagnosis of breast cancer.

Table 1. Common side effects of breast cancer treatments, which differ by treatment method.

Common side effectsTreatment

Surgical-wound pain and lymphedemaSurgery

Nausea, vomiting, loss of appetite, oral mucositis, fatigue, hair loss, myelosuppression, neuropathy cognitive
disorders, weight gain, and poor memory

Chemotherapy

Dermatitis, sleep disturbance, and fatigueRadiotherapy

Menopause, lack of libido, hot flashes, headache, night sweats, and insomniaHormone therapy
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Prior Work
In Taiwan, since June 2017, the National Yang-Ming University,
the Taiwan University of Science and Technology, and the
Taiwan Breast Cancer Prevention and Research Foundation
collaborated to develop the BCSMS app. Eight main features
of the app included the following: (1) the evidence or knowledge
about breast cancer, (2) exercise and rehabilitation after surgery,
(3) diet and nutrition for breast cancer patients, (4) emotional
support to prevent anxiety and depression, (5) a personal health
record for tracking treatment and side effects, (6) social
resource information, (7) experience sharing, and (8) expert
consulting. We pilot-tested the BCSMS app with 45 Taiwanese
women with breast cancer in 2018 using the modified technology
acceptance model of mobile services survey. From this pilot
test, our team found that the BCSMS app had sound usability
and was accepted by the participants. The BCSMS app has since
been outsourced to a technology company for long-term
maintenance and can be downloaded for widespread use. To
access the app, the keyword “ibreast” should be used to search
for the iOS version and the keywords “pink passport” should
be used for the Android version.

Methods

Study Design and Setting
The study was a single-blinded, parallel-group, randomized
controlled trial with a pretest evaluation (T0), as well as
1.5-month (T1) and 3-month (T2) follow-up evaluations. The
study sites included two medical centers— National Taiwan
University Hospital and MacKay Memorial Hospital—and one
area hospital—Hsinchu Mackay Memorial Hospital—in northern
Taiwan. Every patient at each of the study sites received similar
care from their health care team (eg, oncology clinic follow-up
every 3 weeks during chemotherapy; oncology nurse case
managers available to work face-to-face or via telephone with
patients when needed on their cancer journey; and transfers by
their physicians for consultations with health care professionals
in various disciplines, such as pharmacists, physical therapists,
nutritionists, psychologists, and social workers, when they had
related health problems). The health care professionals’ care
models influencing QoL improvement were assumed to be
similar in this study.

Ethical Considerations
This study followed the ethical principles of the Declaration of
Helsinki [28] and was approved by the Institutional Review
Board (IRB) of National Yang Ming University in Taiwan (IRB
No. YM107109E). Participation in the study was voluntary.
Eligible participants were provided with two different informed
consent forms according to their assigned groups. The consent
forms included the same information about the protocol
regarding their QoL data collection, and every participant was
provided US $3 for each pretest evaluation and follow-up
evaluation after the study. The information items that differed
on the experimental group’s consent form were (1) a brief
description about the contents of the BCSMS app and (2) a
statement communicating that the BCSMS app would be
installed on participants’mobile phones with remote technology
support. The protocol was determined to be of minimal risk to

the participants. Nevertheless, all participant data were
anonymized and stored on an encrypted, password-protected
server.

Recruiting the Study Participants, Sample Size, and
Randomization
Women with breast cancer who met the following inclusion
criteria were recruited: (1) first diagnosis of stage 0 to III breast
cancer within the past year, (2) aged 20-65 years, to avoid
barriers with respect to aging influencing mobile health usability
for older adults [29], (3) had an Android or iOS mobile phone,
(4) able to read and write in Chinese, and (5) willing to
participate in the study and provide informed consent.

A priori power analysis was calculated using G*Power, version
3.1 (Heinrich-Heine-Universität Düsseldorf), by performing F
tests and repeated-measures, between-subjects factor analysis
of variance; a medium effect size of 0.25, a significance level
of .05, and a power of 0.8 were used for sample size calculation
according to Cohen [30]. The a priori sample size was 41 in
each group. We oversampled our eligible patient population to
account for potential dropouts and expected to include a total
of 106 patients in this study.

Participants were recruited in two different ways. First, a
recruitment ad was posted on the Taiwan Cancer Foundation
social networking sites (eg, Facebook and Line) and interested
participants contacted us through the online registration. Second,
patients were referred by their oncologists and oncology case
managers from the study settings. To blind the study group
participants to allocation [31] and prevent selection bias (eg,
technology novelty bias) [32], the ad stated that participant
recruitment was for a QoL evaluation following cancer treatment
only, with no mention of the BCSMS app. The recruitment
poster was used by recruiters to introduce the patients to the
purpose of the study. For homogeneity of patients at each stage
of breast cancer—stage 0 to III—between the two groups, the
expected numbers of patients with stage 0, stage I, stage II, and
stage III breast cancer were about 20, 36, 36, and 14,
respectively: the incidence rate of each stage [1] was used and
multiplied by 106. Next, participants at each stage were
randomly assigned 1:1 into one of two study groups: control or
experimental. The randomization scheme was generated using
the website Randomization.com [33] for participants at each
stage.

Data Collection Procedures
The study team collected data from January to July 2019.
Patients were blinded to their allocation groups—experimental
or control—and their pretest data were collected via a
paper-based instrument. After the pretest data were collected,
the BCSMS app was installed on the mobile phones of the
participants in the experimental group and they were taught
how to use the app. Each participant in the experimental group
could use BCSMS app any time as needed; there were no
prompts or reminders from the study team. The entire pretest
study design was done via face-to-face contact at the study sites.
Data collection for the two follow-up evaluations was completed
via a Web-based instrument, together with a phone call, email,
and/or communication software (eg, Line). Paper-based
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instruments were also provided for participants that chose not
to use the Web-based instrument. All evaluations were
anonymous. During data collection, the content of the BCSMS
app was frozen, however, the intervention group was supported
in overcoming any technical problems associated with the
BCSMS app (eg, log-in problems and data entry problems).
During the study, participants in both groups received the same
care, concurrently, from health care professionals at the study
sites.

Instruments
The QoL instrument consisted of two parts. The first part
included demographic items (eg, age, disease stage, marital
status, and working status) and treatment-related items. The
second part was the Taiwan Chinese version of two
Quality-of-Life Questionnaires (QLQs) originally developed
by the European Organization for Research and Treatment of
Cancer (EORTC) [34,35]: the EORTC QLQ Core 30
(QLQ-C30), version 3, and the EORTC Breast Cancer-Specific
QLQ (QLQ-BR23). These instruments have good test-retest
reliability, high internal consistency in most scales, and show
expected differences between patients in active chemotherapy
and those in follow-up groups [36]. The QLQ-C30 incorporates
five functional scales—physical functioning, role functioning,
emotional functioning, cognitive functioning, and social
functioning—nine symptom scales—fatigue, nausea and
vomiting, pain, dyspnea, insomnia, appetite loss, constipation,
diarrhea, and financial difficulties—as well as global health
status and QoL scales [34]. The QLQ-BR23 is the module for
breast cancer. It incorporates four functional scales—body
image, sexual functioning, sexual enjoyment, and future
perspective— and four symptom scales—systemic therapy side
effects, breast symptoms, arm symptoms, and upset by hair loss
[37]. According to the EORTC QLQ scoring manual, a high
score for a functional scale represents a high or healthy level
of functioning when using the QLQ-C30 and QLQ-BR23, a
high score for global health status or QoL represents a high QoL
when using the QLQ-C30, but a high score for a symptom scale
or item represents a high level of symptomatology or problems
when using the QLQ-C30 and QLQ-BR23 [38]. In this study,
the instrument used was a paper-based or Web-based form.
Participants could choose one of the evaluation form types
according to their preferences (eg, desire to go paperless or
efficiency when self-reporting [39]) at the two follow-up
evaluations. The average time required to complete any of the
evaluation forms was approximately 15 minutes, and most
patients required no assistance. Following data collection, the
internal consistency reliability of both instrument types used
by the two groups was assessed: the Cronbach alpha levels at
baseline, 1.5-month follow-up, and 3-month follow-up were
.90-.96 using the QLQ-C30 and .71-.95 using the QLQ-BR23.
The results indicated that both types of forms—paper based and
Web based—had adequate reliability [40].

Data Analysis
All completed questionnaires were coded and analyzed using
SPSS Statistics for Windows, version 20.0 (IBM Corp). Each
item of the QLQ-C30 and QLQ-BR23 underwent linear
transformation to obtain a score of 0-100 in accordance with
the EORTC QLQ scoring manual [38]. For data values that
were missing at random (MAR), the multi-imputation technique
was used [38,41] and the average score of the observed data at
the same follow-up interval in the same group was adopted to
impute the MAR. The dummy variables—summary scores of
the QLQ-C30 and QLQ-BR23—were adopted to represent the
overall QoL outcome of each respondent and the formula was
the sum of scores from each functional item scale and each
revised symptom item (eg, the difference between 100 and each
symptom item scale score). A higher summary score represents
a higher QoL. Frequency and percentage as well as mean and
standard deviation were used for descriptive statistics for clinical
variables, the QLQ-C30, and the QLQ-BR23. We compared
the baseline results of the control and experimental groups using
chi-square tests for categorical variables and t tests for
continuous variables. All analyses were intention-to-treat using
a repeated-measures analysis and the generalized estimating
equation (GEE) [42]. This method was used to account for the
lack of adherence values over time and to detect any time ×
group effects among the target indicators. Significance was
defined as a P value less than .05.

Results

Randomization and Attrition
Randomization and attrition data were organized according to
the Consolidated Standards Of Reporting Trials (CONSORT)
guidelines [43] (see Figure 1). A total of 112 eligible women,
after initial diagnosis of nonmetastatic breast cancer, were
enrolled in the study and randomly allocated to the experimental
(n=53) or control (n=59) group. Reasons for patient dropout
included feeling sick during treatment (n=6), lost to follow-up
(n=3), and concern for their personal privacy (n=3). A total of
48 participants remained in the experimental group and 52
remained in the control group at the 3-month follow-up; the
follow-up completion rate was 89.3% (100/112). The statistical
power of 100 participants was 0.99, which is adequate according
to Cohen [44].

At baseline, all participants were assessed using paper-based
instruments. At the 1.5-month follow-up evaluation, half of the
participants were assessed using Web-based instruments: 48
used paper-based forms versus 55 who used Web-based forms.
At the 3-month follow-up evaluation, most participants were
assessed using Web-based instruments: 22 used paper-based
forms versus 78 who used Web-based forms. The internal
consistency reliability of the two groups at each follow-up were
adequate; the Cronbach alpha levels are shown in the
Instruments section.
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Figure 1. Study flowchart.

Participant Demographics
The demographics and baseline QoL from the two groups were
similar. The largest age group was 50-64 years (51/112, 45.5%).
Participants had bachelor’s degrees or equivalent levels of
education (34/112, 30.4%). Over half (78/112, 69.6%) of the
participants were married. One-third of participants had two
children (43/112, 38.4%). Close to half (52/112, 46.4%) of the
participants were employed. The majority of participants did
not have any comorbid diagnoses (98/112, 87.5%). The largest
number of participants had stage II breast cancer (44/112,
39.3%) and received breast conservation surgery (76/112,
67.9%), chemotherapy (73/112, 65.2%), radiotherapy (74/112,

66.1%), and hormone therapy (60/112, 53.6%). There were no
statistical differences between the control and experimental
group participants with regard to any of the baseline
characteristics. Detailed statistical results are shown in Table
2.

At the 1.5-month and 3-month follow-up evaluations, there
were also no statistical differences between control and
experimental group participants with respect to receiving
chemotherapy (at 1.5 months, P=.40; at 3 months, P=.76),
radiotherapy (at 1.5 months, P=.92; at 3 months, P=.31), and
hormone therapy (at 1.5 months, P=.13; at 3 months, P=.06),
which also showed homogeneity in the participants’ medical
treatment statuses at the two follow-up evaluations.
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Table 2. Demographic characteristics and treatments of the participants.

P valueAll participants (N=112), n (%)Control group (n=59), n (%)Experimental group (n=53), n (%)Characteristic and treatment

.33Age in years

12 (10.7)4 (7)8 (15)20-34

49 (43.8)27 (46)22 (42)35-49

51 (45.5)28 (47)23 (43)50-64

.05Education

16 (14.3)12 (20)4 (8)Junior high school

28 (25.0)14 (24)14 (26)Senior high school

22 (19.6)13 (22)9 (17)College

34 (30.4)16 (27)18 (34)Bachelor or equivalent

12 (10.7)4 (7)8 (15)Master or equivalent

.21Marital status

23 (20.5)10 (17)13 (25)Unmarried

78 (69.6)41 (69)37 (70)Married

7 (6.3)6 (10)1 (2)Divorced

4 (3.6)2 (3)2 (4)Widowed

.28Number of children

31 (27.7)15 (25)16 (30)0

14 (12.5)7 (12)7 (13)1

43 (38.4)21 (36)22 (42)2

24 (21.4)16 (27)8 (15)More than 2

.79Work status

14 (12.5)8 (14)6 (11)Unemployed

38 (33.9)20 (34)18 (34)Housewife

8 (7.1)4 (7)4 (8)Retired

52 (46.4)27 (46)25 (47)Employed

.18Past disease history

98 (87.5)54 (92)44 (83)No

14 (12.5)5 (8)9 (17)Yes

.55Breast cancer stage

9 (8.0)4 (7)5 (9)0

42 (37.5)20 (34)22 (42)I

44 (39.3)27 (46)17 (32)II

17 (15.2)8 (14)9 (17)III

.55Surgery

76 (67.9)38 (64)38 (72)Conservation therapy

36 (32.1)21 (36)15 (28)Mastectomy

.32Chemotherapy

39 (34.8)18 (31)21 (40)No

73 (65.2)41 (69)32 (60)Yes

.11Radiotherapy

38 (33.9)24 (41)14 (26)No

74 (66.1)35 (59)39 (74)Yes
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P valueAll participants (N=112), n (%)Control group (n=59), n (%)Experimental group (n=53), n (%)Characteristic and treatment

.08Hormone therapy

52 (46.4)32 (54)20 (38)No

60 (53.6)27 (46)33 (62)Yes

Changes in Quality-of-Life Questionnaire Core 30
Indicators
Before instruction (T0), the mean total summary scores of the
QLQ-C30 for the experimental and control groups were 74.47
(SD 14.96) and 78.30 (SD 12.59), respectively, with no
difference between the groups (P=.14).

At the 1.5-month and 3-month follow-up evaluations, these
scores were 79.13 (SD 15.31) and 83.45 (SD 10.85) in the
experimental group, respectively, and 79.49 (SD 12.41) and

82.23 (SD 12.07) in the control group, respectively. The mean
summary scores for the QLQ-C30 in both groups showed a
significant improvement by 3 months: the difference between
the T2 and T0 scores was 8.98 in the experimental group and
3.93 in the control group. GEE analysis showed a statistically
significant difference (P=.03) in the interaction between groups
and time, which meant the experimental group had a greater
mean summary score for the QLQ-C30 (difference=5.05) than
the control group after the intervention at the 3-month
assessment (see Table 3).

Table 3. Generalized estimating equation analysis of longitudinal outcome of the Quality-of-Life Questionnaire Core 30 (N=112).

P valueTotal summary scoresa,
mean

P valueGlobal health status or

quality of lifea, mean

P valueSymptom scalesb,
mean

P valueFunctional scalesa,
mean

Step

DiffConExpDiffConExpDiffConExpDiffeCondExpc

.14-3.8278.3074.47.08-6.2063.2857.08.163.7320.9924.71.25-3.5877.1873.59T0f

.89-0.3779.4979.13.51-2.4270.7568.33.521.6419.5021.14.711.0178.6379.64T1g

.551.2282.2383.45.76-0.9274.3673.44.79-0.5216.6216.10.382.1280.6482.76T2h

.093.461.194.65.383.787.4811.26.32-2.09-1.49-3.58.064.591.466.05T1-T0

.035.043.938.98.185.2811.0816.36.06-4.25-4.37-8.61.045.713.479.17T2-T0

aHigher scores correspond with better quality of life.
bLower scores correspond with better quality of life.
cExp: experimental group.
dCon: control group.
eDiff: difference between the experimental and control groups.
fT0: baseline or pretest evaluation.
gT1: 1.5-month follow-up evaluation.
hT2: 3-month follow-up evaluation.

Changes in Breast Cancer-Specific Quality-of-Life
Questionnaire Indicators
Before instruction (T0), the QLQ-BR23 mean summary scores
of the experimental and control groups were 59.68 (SD 12.46)
and 61.21 (SD 12.65), respectively, with no difference between
the groups (P=.52).

At 1.5-month and 3-month follow-up evaluations, these scores
were 62.56 (SD 13.10) and 65.53 (SD 10.29) in the experimental

group, respectively, and 62.13 (SD 12.74) and 63.13 (SD 12.66)
in the control group, respectively. The mean summary scores
for QLQ-BR23 in both groups increased significantly by 3
months: the difference between the T2 and T0 scores was 5.85
in the experimental group and 1.92 in the control group. GEE
analysis showed a statistically significant difference (P=.04) in
the interaction between groups and time, which meant the
experimental group had a greater total summary score for the
QLQ-BR23 (difference=3.93) than the control group after the
intervention at the 3-month assessment (see Table 4).
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Table 4. Generalized estimating equation analysis of longitudinal outcome of the Breast Cancer-Specific Quality-of-Life Questionnaire (N=112).

P valueTotal summary scoresa, meanP valueSymptom scalesb, meanP valueFunctional scalesa, meanStep

DiffConExpDiffConExpDiffeCondExpc

.52-1.5361.2059.68.511.9325.4527.38.76-0.7847.3246.54T0f

.860.4362.1362.56.721.0324.0825.11.352.3247.0649.39T1g

.242.4063.1365.53.51-1.7823.4621.69.221.8332.8234.65T2h

.301.950.932.88.71-0.90-1.37-2.27.173.10-0.252.85T1-T0

.043.931.925.85.14-3.70-1.99-5.69.312.61-14.49-11.89T2-T0

aHigher scores correspond with better quality of life.
bLower scores correspond with better quality of life.
cExp: experimental group.
dCon: control group.
eDiff: difference between the experimental and control groups.
fT0: baseline or pretest evaluation.
gT1: 1.5-month follow-up evaluation.
hT2: 3-month follow-up evaluation.

Sensitivity Analysis
We performed a sensitivity analysis for the attrition cases using
GEE analysis. The results showed that the mean summary scores
also increased in the QLQ-C30 (difference between experimental

and control groups was 5.05, P=.07) and the QLQ-BR23
(difference between experimental and control groups was 3.93,
P=.07), with no statistically significant difference between the
two groups noted at the 3-month assessment (see Table 5).

Table 5. Generalized estimating equation analysis of longitudinal outcome for the Quality-of-Life Questionnaire Core 30 (QLQ-C30) and the Breast
Cancer-Specific Quality-of-Life Questionnaire (QLQ-BR23) for sensitivity analysis.

P valueQLQ-BR23 mean summary scoresP valueQLQ-C30 mean summary scoresStep

DiffConExpDiffcConbExpa

.52-1.5361.2159.68.14-3.8378.3074.47T0d

.870.9162.1363.04.89-0.2279.4979.27T1e

.402.4063.1365.53.991.2282.2383.45T2f

.342.440.923.36.113.611.194.80T1-T0

.073.931.925.85.075.053.938.98T2-T0

aExp: experimental group.
bCon: control group.
cDiff: difference between the experimental and control groups.
dT0: baseline or pretest evaluation.
eT1: 1.5-month follow-up evaluation.
fT2: 3-month follow-up evaluation.

Discussion

Principal Findings
Our team developed the BCSMS app with eight main features,
in line with the results from our previous study, to support
self-management for women after a first diagnosis of breast
cancer. After 3 months of repeated QoL evaluation, the principal
results showed that for the QLQ-C30, both groups had
improvement in their functional scales (9.17 for the experimental
group vs 3.47 for the control group), symptom scales (-8.61 for
the experimental group vs -4.37 for the control group), global
health status (16.36 for the experimental group vs 11.08 for the

control group), and total summary scores (8.98 for the
experimental group vs 3.93 for the control group). The BCSMS
app user group participants had significant improvement in their
functional scores (difference=5.71, P=.04) and total summary
scores (difference=5.04, P=.03) compared to the control group.

Based on the results of the QLQ-BR23, neither group had
improvement in functional scales (-11.98 for the experimental
group vs -14.49 for the control group) by the third month.
However, improvement was noted in symptom scales (-5.69
for the experimental group vs -1.99 for the control group) and
total summary scores (5.85 for the experimental group vs 1.92
for the control group) by the third month. The BCSMS app user
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group had a significant improvement in total summary scores
(difference=3.93, P=.04) when compared to the control group.

After sensitivity analysis (ie, no imputation for attrition cases),
the total summary scores for the QLQ-C30 (difference=5.05,
P=.07) and the QLQ BR23 (difference=3.93, P=.07) also
showed improvement by the third month between the two groups
but it was not significant. Based on these findings, further
evaluation of QoL among women with a first diagnosis of breast
cancer after using the BCSMS app is warranted.

Comparison With Prior Work
The overall QLQ-C30 and QLQ-BR23 scores (see Tables 3 and
4) in both groups in this study were close to those from a
multicenter, cross-sectional study in Taiwan [19]. They were
also similar to the QoL scores for women after 1 year following
a breast cancer diagnosis in a 10-year, long-term follow-up
study in Germany [45]. This may be due to standardized medical
treatments for each stage of breast cancer that were adopted
regionally and globally [3-5]. Mobile health apps can effectively
support patients with chronic disease self-management [46-48].
Patients with a first diagnosis of breast cancer need knowledge
about the disease and to learn about self-management in order
to live well with the cancer (eg, surgery-wound pain relief,
lymphedema prevention, and controlling body weight). Others
have demonstrated that mobile health apps are associated with
improved knowledge of the disease and self-management,
including self-efficacy with performing shoulder exercises
during and after treatment, symptom relief, and QoL during
chemotherapy [49-51]. In our study, the BCSMS app also
demonstrated improved QoL for Taiwanese women with breast
cancer. Among the eight main features included in the BCSMS
app, which was developed with the user-centered approach [52],
was a feature that provided evidence or knowledge about breast
cancer (eg, cancer stages, treatments, side effects, lymphedema
prevention, and relapse) and addressed basic information for
the patients. According to the prior study, higher levels of
anxiety were experienced by preoperative breast cancer patients
who received information delivered via a mobile app than by
patients who did not use the app [53]. In our study, every subject
was postoperative; we did not know the BCSMS app would
increase patients’anxiety levels when they had knowledge about
breast cancer before operation. Our results showed that the
group who used the BCSMS app had higher scores in functional
scales—physical functioning, role functioning, emotional
functioning, cognitive functioning, and social functioning—than
did the group who did not use the app at the 3-month follow-up.
This might be because the BCSMS app not only provided the
evidence or knowledge about breast cancer but also provided
emotional support features to prevent anxiety and depression,
including information on mental support, music therapy,
mindfulness activities, sleeping well, and acupuncture point
massage; social resource information, including information
on nonprofit supporting organizations, financial support, and
housekeeping; experience sharing, including encouraging
information from other senior survivors and health care
professionals; and expert consulting, including over 100
frequently asked questions. With this positive and useful
information from the BCSMS app, patients were supported in
overcoming cancer-related emotional disturbances.

In addition, the BCSMS app provided videos that demonstrated
effective body movements to prevent lymphedema and
low-intensity exercises in the exercise and rehabilitation feature.
This feature may have reduced patients’ symptom scale scores,
including for fatigue, pain, dyspnea, insomnia, appetite loss,
and constipation. Lowering of these scores benefitted symptom
control during the first year of cancer treatment (eg,
cancer-related fatigue improvement) among experimental
subjects and had positive outcomes, similar to those seen in
prior studies [54,55].

In the personal health record feature for tracking treatments
and side effects, subjects in the experimental group were able
to record details about their personal medical treatments (eg,
date of surgery, period of radiotherapy, medication for
chemotherapy, and hormone therapy), record physical-related
self-measurements (eg, body temperature and arm
circumference), view data graphs, and receive abnormal-data
warnings (eg, reminders to patients to consult their psychologists
when their emotions were self-assessed as poor through the
Brief Symptom Rating Scale) (publication is forthcoming). This
feature was also similar to the patient-reported outcomes for
symptom monitoring during routine cancer treatment; the results
showed that integration of patient-reported outcomes into the
routine care of patients with metastatic cancer was associated
with increased survival compared with usual care [56]. Having
all of the features integrated into one mobile app, as well as the
app’s accessibility and ease of use regarding breast cancer
self-management, may have contributed to the improvement in
the patients’ QoL.

Limitations
There were two main limitations of this study. The first was
maturation bias, as our study followed participants for only 3
months. Although the control group did not use the BCSMS
app, they still had supportive care from health care professionals
(eg, physicians and oncology case managers), and perhaps their
information-searching competence helped them with
self-management and to increase their QoL. The second was
that we did not know the actual frequency of use of the BCSMS
app among the experimental group. To prevent the Hawthorne
effect (ie, causing nonroutine behavior as a result of being
observed) [57], the research team did not remind the subjects
in the experimental group to use BCSMS app. Such limitations
might have influenced the results in this study.

Conclusions
The purpose of the study was to investigate the QoL of women
with breast cancer in Taiwan after using the BCSMS app.
According to the results, women with a first diagnosis of breast
cancer appear to have experienced increased QoL after receiving
cancer treatment. The BCSMS app provided users with
supportive evidence to promote their QoL, compared with those
who did not use the app. This might be because the BCSMS
app delivered comprehensive information (eg, eight main
features developed during our prior work) to women with breast
cancer when they were first diagnosed and the app and its
features supported their needs during their treatment. Next steps
would be to introduce the BCSMS app to more breast cancer

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17084 | p.247http://mhealth.jmir.org/2020/3/e17084/
(page number not for citation purposes)

Hou et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


patients and to further evaluate whether QoL is sustained among
these patients.

Implications
Using objective data, such as users’ log-in frequencies,
most-used features, and content analysis from the personal
health record for treatment and side effects, could be
investigated to better understand how the BCSMS app helps

women with breast cancer. In addition, subjective feedback
from BCSMS app users is important for future modifications
and enhancements of the app. In the future, the BCSMS app
could be introduced to breast cancer patients in different
countries after culturally sensitive content is added (eg, diet and
nutrition for breast cancer patients and social resource
information) and when multiple languages can be incorporated
into the interface (eg, English).

 

Acknowledgments
We appreciate the funding from the Ministry of Science and Technology (MOST107 - 2314 - B - 010 - 052) and we acknowledge
all the team members who participated in this research as well as the Taiwan Breast Cancer Foundation. We would like to give
special thanks to Jhou-Liang Lian, Kong-Hao Chen, and Zih-Bin Chen for their support.

Authors' Contributions
ICH and HYL contributed to the study design and implementation, data analysis, interpretation of the findings, and preparation
of the manuscript. SHS contributed to the technology support. KJC, HCT, and AJT contributed to the study implementation. PCD
contributed to the editing and revision of the manuscript in English.

Conflicts of Interest
None declared.

This randomized study was only retrospectively registered, explained by authors with "We did not prospectively register this trial
due to a lack of awareness or understanding of this requirement on our first Randomized Control Trial study submission". The
editor granted an exception from ICMJE rules mandating prospective registration of randomized trials because the risk of bias
appears low and the study was considered formative, guiding the development of the application [or other reasons for the exception,
as argued by the authors]. However, readers are advised to carefully assess the validity of any potential explicit or implicit claims
related to primary outcomes or effectiveness, as retrospective registration does not prevent authors from changing their outcome
measures retrospectively.

Multimedia Appendix 1
CONSORT-EHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 384 KB - mhealth_v8i3e17084_app1.pdf ]

References
1. Health Promotion Administration. Cancer Registry Annual Report, 2015. Taipei, Taiwan: Ministry of Health and Welfare;

2017. URL: https://www.hpa.gov.tw/Pages/ashx/File.ashx?FilePath=~/File/Attach/8084/File_7635.pdf [accessed 2019-10-08]
2. Health Promotion Administration. Cancer Registry Annual Report, 2016. Taipei, Taiwan: Ministration of Health and

Welfare; 2018 Dec. URL: https://www.hpa.gov.tw/Pages/ashx/File.ashx?FilePath=~/File/Attach/10227/File_11644.pdf
[accessed 2019-12-30]

3. Lin CH. Chemotherapy in breast cancer. Formos J Med 2013;17(4):404-411. [doi: 10.6320/fjm.2013.17(4).08]
4. Matsen CB, Neumayer LA. Breast cancer: A review for the general surgeon. JAMA Surg 2013 Oct;148(10):971-979. [doi:

10.1001/jamasurg.2013.3393] [Medline: 23986370]
5. Diaby V, Tawk R, Sanogo V, Xiao H, Montero AJ. A review of systematic reviews of the cost-effectiveness of hormone

therapy, chemotherapy, and targeted therapy for breast cancer. Breast Cancer Res Treat 2015 May;151(1):27-40 [FREE
Full text] [doi: 10.1007/s10549-015-3383-6] [Medline: 25893588]

6. Lo C, Liao FZ, Chen SL. Symptom experiences of breast cancer patients. J Nurs 2017;64(2):19-27. [doi: 10.6224/jn.000021]
7. Browall M, Brandberg Y, Nasic S, Rydberg P, Bergh J, Rydén A, et al. A prospective exploration of symptom burden

clusters in women with breast cancer during chemotherapy treatment. Support Care Cancer 2017 May;25(5):1423-1429
[FREE Full text] [doi: 10.1007/s00520-016-3527-1] [Medline: 27981366]

8. Hermelink K, Bühner M, Sckopke P, Neufeld F, Kaste J, Voigt V, et al. Chemotherapy and post-traumatic stress in the
causation of cognitive dysfunction in breast cancer patients. J Natl Cancer Inst 2017 Oct 01;109(10):1-15. [doi:
10.1093/jnci/djx057] [Medline: 28521364]

9. Wiśniewska I, Jochymek B, Lenart-Lipińska M, Chabowski M. The pharmacological and hormonal therapy of hot flushes
in breast cancer survivors. Breast Cancer 2016 Mar;23(2):178-182 [FREE Full text] [doi: 10.1007/s12282-015-0655-2]
[Medline: 26498637]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17084 | p.248http://mhealth.jmir.org/2020/3/e17084/
(page number not for citation purposes)

Hou et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

mhealth_v8i3e17084_app1.pdf
mhealth_v8i3e17084_app1.pdf
https://www.hpa.gov.tw/Pages/ashx/File.ashx?FilePath=~/File/Attach/8084/File_7635.pdf
https://www.hpa.gov.tw/Pages/ashx/File.ashx?FilePath=~/File/Attach/10227/File_11644.pdf
http://dx.doi.org/10.6320/fjm.2013.17(4).08
http://dx.doi.org/10.1001/jamasurg.2013.3393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23986370&dopt=Abstract
http://europepmc.org/abstract/MED/25893588
http://europepmc.org/abstract/MED/25893588
http://dx.doi.org/10.1007/s10549-015-3383-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25893588&dopt=Abstract
http://dx.doi.org/10.6224/jn.000021
http://europepmc.org/abstract/MED/27981366
http://dx.doi.org/10.1007/s00520-016-3527-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27981366&dopt=Abstract
http://dx.doi.org/10.1093/jnci/djx057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28521364&dopt=Abstract
http://europepmc.org/abstract/MED/26498637
http://dx.doi.org/10.1007/s12282-015-0655-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26498637&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


10. Savard J, Ivers H, Savard M, Morin CM. Cancer treatments and their side effects are associated with aggravation of insomnia:
Results of a longitudinal study. Cancer 2015 May 15;121(10):1703-1711 [FREE Full text] [doi: 10.1002/cncr.29244]
[Medline: 25677509]

11. Jung MS, Cimprich B. Cognitive deficits in Korean women treated with chemotherapy for breast cancer. Cancer Nurs
2014;37(3):E31-E42. [doi: 10.1097/ncc.0b013e3182980383]

12. Yee C, Wang K, Asthana R, Drost L, Lam H, Lee J, et al. Radiation-induced skin toxicity in breast cancer patients: A
systematic review of randomized trials. Clin Breast Cancer 2018 Oct;18(5):e825-e840. [doi: 10.1016/j.clbc.2018.06.015]
[Medline: 30072193]

13. Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches for people with chronic conditions:
A review. Patient Educ Couns 2002 Oct;48(2):177-187. [doi: 10.1016/s0738-3991(02)00032-0]

14. McCorkle R, Ercolano E, Lazenby M, Schulman-Green D, Schilling LS, Lorig K, et al. Self-management: Enabling and
empowering patients living with cancer as a chronic illness. CA Cancer J Clin 2011;61(1):50-62 [FREE Full text] [doi:
10.3322/caac.20093] [Medline: 21205833]

15. Li MF, Pan LC. Applications on mobile health. J Long Term Care 2012;16(3):237-250.
16. Kuo CC, Wang HH. Applying self-management intervention studies to patients with chronic illness: A systematic review.

J Nurs Healthc Res 2012;8(1):50-60. [doi: 10.6225/jnhr.8.1.52]
17. Loh SY, Packer T, Chinna K, Quek KF. Effectiveness of a patient self-management programme for breast cancer as a

chronic illness: A non-randomised controlled clinical trial. J Cancer Surviv 2013 Sep;7(3):331-342. [doi:
10.1007/s11764-013-0274-x] [Medline: 23519654]

18. World Health Organization. 2019 Dec. WHOQOL: Measuring quality of life URL: http://www.who.int/healthinfo/survey/
whoqol-qualityoflife/en/ [accessed 2019-12-12]

19. Tsai H, Kuo NC, Chung KP. Quality of life of breast cancer survivors following breast-conserving therapy versus mastectomy:
A multicenter study in Taiwan. Jpn J Clin Oncol 2017 Oct 01;47(10):909-918. [doi: 10.1093/jjco/hyx099] [Medline:
28981734]

20. Fanakidou I, Zyga S, Alikari V, Tsironi M, Stathoulis J, Theofilou P. Mental health, loneliness, and illness perception
outcomes in quality of life among young breast cancer patients after mastectomy: The role of breast reconstruction. Qual
Life Res 2018 Feb;27(2):539-543. [doi: 10.1007/s11136-017-1735-x] [Medline: 29119452]

21. Hamer J, McDonald R, Zhang L, Verma S, Leahey A, Ecclestone C, et al. Quality of life (QOL) and symptom burden (SB)
in patients with breast cancer. Support Care Cancer 2017 Feb;25(2):409-419. [doi: 10.1007/s00520-016-3417-6] [Medline:
27696078]

22. Kessel KA, Vogel MM, Kessel C, Bier H, Biedermann T, Friess H, et al. Mobile health in oncology: A patient survey about
app-assisted cancer care. JMIR Mhealth Uhealth 2017 Jun 14;5(6):e81 [FREE Full text] [doi: 10.2196/mhealth.7689]
[Medline: 28615159]

23. Kessel KA, Vogel MM, Schmidt-Graf F, Combs SE. Mobile apps in oncology: A survey on health care professionals'
attitude toward telemedicine, mHealth, and oncological apps. J Med Internet Res 2016 Nov 24;18(11):e312 [FREE Full
text] [doi: 10.2196/jmir.6399] [Medline: 27884810]

24. Zhu J, Ebert L, Guo D, Yang S, Han Q, Chan SW. Mobile breast cancer e-support program for Chinese women with breast
cancer undergoing chemotherapy (Part 1): Qualitative study of women's perceptions. JMIR Mhealth Uhealth 2018 Apr
11;6(4):e85 [FREE Full text] [doi: 10.2196/mhealth.9311] [Medline: 29643056]

25. Rincon E, Monteiro-Guerra F, Rivera-Romero O, Dorronzoro-Zubiete E, Sanchez-Bocanegra CL, Gabarron E. Mobile
phone apps for quality of life and well-being assessment in breast and prostate cancer patients: Systematic review. JMIR
Mhealth Uhealth 2017 Dec 04;5(12):e187 [FREE Full text] [doi: 10.2196/mhealth.8741] [Medline: 29203459]

26. Giunti G, Giunta D, Guisado-Fernandez E, Bender J, Fernandez-Luque L. A biopsy of breast cancer mobile applications:
State of the practice review. Int J Med Inform 2018 Feb;110:1-9 [FREE Full text] [doi: 10.1016/j.ijmedinf.2017.10.022]
[Medline: 29331247]

27. Lee H, Uhm KE, Cheong IY, Yoo JS, Chung SH, Park YH, et al. Patient satisfaction with mobile health (mHealth) application
for exercise intervention in breast cancer survivors. J Med Syst 2018 Nov 06;42(12):254. [doi: 10.1007/s10916-018-1096-1]
[Medline: 30402781]

28. World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for medical research
involving human subjects. JAMA 2013 Nov 27;310(20):2191-2194. [doi: 10.1001/jama.2013.281053] [Medline: 24141714]

29. Wildenbos GA, Peute L, Jaspers M. Aging barriers influencing mobile health usability for older adults: A literature based
framework (MOLD-US). Int J Med Inform 2018 Jun;114:66-75. [doi: 10.1016/j.ijmedinf.2018.03.012] [Medline: 29673606]

30. Cohen J. The analysis of variance and covariance. In: Statistical Power Analysis for the Behavioral Sciences. 2nd edition.
Hillsdale, NJ: Lawrence Erlbaum Associates; 1988:273-406.

31. Day SJ, Altman DG. Statistics notes: Blinding in clinical trials and other studies. BMJ 2000;321(7259):504 [FREE Full
text] [doi: 10.1136/bmj.321.7259.504] [Medline: 10948038]

32. Persaud N, Heneghan C, Catalogue of Bias Collaboration. Catalogue of Bias. Novelty bias URL: https://catalogofbias.org/
biases/novelty-bias/ [accessed 2019-12-21]

33. Randomization.com. URL: http://www.randomization.com [accessed 2018-12-01]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17084 | p.249http://mhealth.jmir.org/2020/3/e17084/
(page number not for citation purposes)

Hou et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://doi.org/10.1002/cncr.29244
http://dx.doi.org/10.1002/cncr.29244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25677509&dopt=Abstract
http://dx.doi.org/10.1097/ncc.0b013e3182980383
http://dx.doi.org/10.1016/j.clbc.2018.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30072193&dopt=Abstract
http://dx.doi.org/10.1016/s0738-3991(02)00032-0
https://doi.org/10.3322/caac.20093
http://dx.doi.org/10.3322/caac.20093
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21205833&dopt=Abstract
http://dx.doi.org/10.6225/jnhr.8.1.52
http://dx.doi.org/10.1007/s11764-013-0274-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23519654&dopt=Abstract
http://www.who.int/healthinfo/survey/whoqol-qualityoflife/en/
http://www.who.int/healthinfo/survey/whoqol-qualityoflife/en/
http://dx.doi.org/10.1093/jjco/hyx099
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28981734&dopt=Abstract
http://dx.doi.org/10.1007/s11136-017-1735-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29119452&dopt=Abstract
http://dx.doi.org/10.1007/s00520-016-3417-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27696078&dopt=Abstract
https://mhealth.jmir.org/2017/6/e81/
http://dx.doi.org/10.2196/mhealth.7689
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28615159&dopt=Abstract
https://www.jmir.org/2016/11/e312/
https://www.jmir.org/2016/11/e312/
http://dx.doi.org/10.2196/jmir.6399
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27884810&dopt=Abstract
https://mhealth.jmir.org/2018/4/e85/
http://dx.doi.org/10.2196/mhealth.9311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643056&dopt=Abstract
https://mhealth.jmir.org/2017/12/e187/
http://dx.doi.org/10.2196/mhealth.8741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29203459&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1386-5056(17)30402-1
http://dx.doi.org/10.1016/j.ijmedinf.2017.10.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29331247&dopt=Abstract
http://dx.doi.org/10.1007/s10916-018-1096-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30402781&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.281053
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24141714&dopt=Abstract
http://dx.doi.org/10.1016/j.ijmedinf.2018.03.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29673606&dopt=Abstract
http://europepmc.org/abstract/MED/10948038
http://europepmc.org/abstract/MED/10948038
http://dx.doi.org/10.1136/bmj.321.7259.504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10948038&dopt=Abstract
https://catalogofbias.org/biases/novelty-bias/
https://catalogofbias.org/biases/novelty-bias/
http://www.randomization.com
http://www.w3.org/Style/XSL
http://www.renderx.com/


34. Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al. The European Organization for Research
and Treatment of Cancer QLQ-C30: A quality-of-life instrument for use in international clinical trials in oncology. J Natl
Cancer Inst 1993 Mar 03;85(5):365-376. [doi: 10.1093/jnci/85.5.365] [Medline: 8433390]

35. EORTC Quality of Life. Questionnaires: Breast URL: https://qol.eortc.org/questionnaire/qlq-br23/ [accessed 2019-08-02]
36. Chie W, Chang K, Huang C, Kuo W. Quality of life of breast cancer patients in Taiwan: Validation of the Taiwan Chinese

version of the EORTC QLQ-C30 and EORTC QLQ-BR23. Psychooncology 2003;12(7):729-735. [doi: 10.1002/pon.727]
[Medline: 14502597]

37. Sprangers MA, Groenvold M, Arraras JI, Franklin J, te Velde A, Muller M, et al. The European Organization for Research
and Treatment of Cancer breast cancer-specific quality-of-life questionnaire module: First results from a three-country field
study. J Clin Oncol 1996 Oct;14(10):2756-2768. [doi: 10.1200/JCO.1996.14.10.2756] [Medline: 8874337]

38. Fayers P, Aaronson NK, Bjordal K, Groenvold M, Curran D, Bottomley A. EORTC QLQ-C30 Scoring Manual. 3rd edition.
Brussels, Belgium: European Organisation for Research and Treatment of Cancer; 2001.

39. Noyes JM, Garland KJ. Computer- vs paper-based tasks: Are they equivalent? Ergonomics 2008 Sep;51(9):1352-1375.
[doi: 10.1080/00140130802170387] [Medline: 18802819]

40. Henson RK. Understanding internal consistency reliability estimates: A conceptual primer on coefficient alpha. Meas Eval
Couns Dev 2019 Aug 29;34(3):177-189. [doi: 10.1080/07481756.2002.12069034]

41. Fitzmaurice GM, Laird NM, Ware JH. Missing data and dropout: Multiple imputation and weighting methods. In: Applied
Longitudinal Analysis. 2nd edition. Hoboken, NJ: John Wiley & Sons; 2011:515-550.

42. Twisk J, de Vente W. Attrition in longitudinal studies. J Clin Epidemiol 2002 Apr;55(4):329-337 [FREE Full text] [doi:
10.1016/s0895-4356(01)00476-0]

43. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: Updated guidelines for reporting parallel
group randomised trials. BMC Med 2010 Mar 24;8:18 [FREE Full text] [doi: 10.1186/1741-7015-8-18] [Medline: 20334633]

44. Cohen J. The concepts of power analysis. In: Statistical Power Analysis for the Behavioral Sciences. 2nd edition. Hillsdale,
NJ: Lawrence Erlbaum Associates; 1988:1-17.

45. Koch L, Jansen L, Herrmann A, Stegmaier C, Holleczek B, Singer S, et al. Quality of life in long-term breast cancer
survivors: A 10-year longitudinal population-based study. Acta Oncol 2013 Mar 20;52(6):1119-1128. [doi:
10.3109/0284186x.2013.774461]

46. Farzandipour M, Nabovati E, Sharif R, Arani MH, Anvari S. Patient self-management of asthma using mobile health
applications: A systematic review of the functionalities and effects. Appl Clin Inform 2017 Oct;8(4):1068-1081 [FREE
Full text] [doi: 10.4338/ACI-2017-07-R-0116] [Medline: 29241254]

47. Rathbone AL, Prescott J. The use of mobile apps and SMS messaging as physical and mental health interventions: Systematic
review. J Med Internet Res 2017 Aug 24;19(8):e295 [FREE Full text] [doi: 10.2196/jmir.7740] [Medline: 28838887]

48. Duke DC, Barry S, Wagner DV, Speight J, Choudhary P, Harris MA. Distal technologies and type 1 diabetes management.
Lancet Diabetes Endocrinol 2018 Feb;6(2):143-156. [doi: 10.1016/S2213-8587(17)30260-7] [Medline: 28867311]

49. Zhu J, Ebert L, Liu X, Wei D, Chan SW. Mobile breast cancer e-support program for Chinese women with breast cancer
undergoing chemotherapy (Part 2): Multicenter randomized controlled trial. JMIR Mhealth Uhealth 2018 Apr 30;6(4):e104
[FREE Full text] [doi: 10.2196/mhealth.9438] [Medline: 29712622]

50. Harder H, Holroyd P, Burkinshaw L, Watten P, Zammit C, Harris PR, et al. A user-centred approach to developing bWell,
a mobile app for arm and shoulder exercises after breast cancer treatment. J Cancer Surviv 2017 Dec;11(6):732-742 [FREE
Full text] [doi: 10.1007/s11764-017-0630-3] [Medline: 28741202]

51. Cruz FOAM, Vilela RA, Ferreira EB, Melo NS, Reis PEDD. Evidence on the use of mobile apps during the treatment of
breast cancer: Systematic review. JMIR Mhealth Uhealth 2019 Aug 27;7(8):e13245 [FREE Full text] [doi: 10.2196/13245]
[Medline: 31456578]

52. Hou IC, Lan MF, Shen SH, Tsai PY, Chang KJ, Tai HC, et al. Developing a breast cancer self-management support mHealth
application in Taiwan: A design thinking approach [In press]. JMIR mHealth and uHealth 2020 (forthcoming). [doi:
10.2196/15780]

53. Foley N, O'Connell E, Lehane E, Livingstone V, Maher B, Kaimkhani S, et al. PATI: Patient accessed tailored information:
A pilot study to evaluate the effect on preoperative breast cancer patients of information delivered via a mobile application.
Breast 2016 Dec;30:54-58. [doi: 10.1016/j.breast.2016.08.012] [Medline: 27611236]

54. van Vulpen JK, Peeters PH, Velthuis MJ, van der Wall E, May AM. Effects of physical exercise during adjuvant breast
cancer treatment on physical and psychosocial dimensions of cancer-related fatigue: A meta-analysis. Maturitas 2016
Mar;85:104-111. [doi: 10.1016/j.maturitas.2015.12.007] [Medline: 26857888]

55. van Waart H, Stuiver MM, van Harten WH, Geleijn E, Kieffer JM, Buffart LM, et al. Effect of low-intensity physical
activity and moderate- to high-intensity physical exercise during adjuvant chemotherapy on physical fitness, fatigue, and
chemotherapy completion rates: Results of the PACES randomized clinical trial. J Clin Oncol 2015 Jun 10;33(17):1918-1927.
[doi: 10.1200/JCO.2014.59.1081] [Medline: 25918291]

56. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall survival results of a trial assessing patient-reported
outcomes for symptom monitoring during routine cancer treatment. JAMA 2017 Jul 11;318(2):197-198 [FREE Full text]
[doi: 10.1001/jama.2017.7156] [Medline: 28586821]

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17084 | p.250http://mhealth.jmir.org/2020/3/e17084/
(page number not for citation purposes)

Hou et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.1093/jnci/85.5.365
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8433390&dopt=Abstract
https://qol.eortc.org/questionnaire/qlq-br23/
http://dx.doi.org/10.1002/pon.727
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14502597&dopt=Abstract
http://dx.doi.org/10.1200/JCO.1996.14.10.2756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8874337&dopt=Abstract
http://dx.doi.org/10.1080/00140130802170387
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18802819&dopt=Abstract
http://dx.doi.org/10.1080/07481756.2002.12069034
https://doi.org/10.1016/S0895-4356(01)00476-0
http://dx.doi.org/10.1016/s0895-4356(01)00476-0
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-8-18
http://dx.doi.org/10.1186/1741-7015-8-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20334633&dopt=Abstract
http://dx.doi.org/10.3109/0284186x.2013.774461
http://europepmc.org/abstract/MED/29241254
http://europepmc.org/abstract/MED/29241254
http://dx.doi.org/10.4338/ACI-2017-07-R-0116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29241254&dopt=Abstract
https://www.jmir.org/2017/8/e295/
http://dx.doi.org/10.2196/jmir.7740
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28838887&dopt=Abstract
http://dx.doi.org/10.1016/S2213-8587(17)30260-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28867311&dopt=Abstract
https://mhealth.jmir.org/2018/4/e104/
http://dx.doi.org/10.2196/mhealth.9438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29712622&dopt=Abstract
http://europepmc.org/abstract/MED/28741202
http://europepmc.org/abstract/MED/28741202
http://dx.doi.org/10.1007/s11764-017-0630-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28741202&dopt=Abstract
https://mhealth.jmir.org/2019/8/e13245/
http://dx.doi.org/10.2196/13245
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31456578&dopt=Abstract
http://dx.doi.org/10.2196/15780
http://dx.doi.org/10.1016/j.breast.2016.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27611236&dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2015.12.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26857888&dopt=Abstract
http://dx.doi.org/10.1200/JCO.2014.59.1081
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25918291&dopt=Abstract
http://europepmc.org/abstract/MED/28586821
http://dx.doi.org/10.1001/jama.2017.7156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28586821&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


57. McCarney R, Warner J, Iliffe S, van Haselen R, Griffin M, Fisher P. The Hawthorne Effect: A randomised, controlled trial.
BMC Med Res Methodol 2007 Jul 03;7:30 [FREE Full text] [doi: 10.1186/1471-2288-7-30] [Medline: 17608932]

Abbreviations
BCSMS: breast cancer self-management support
CONSORT: Consolidated Standards Of Reporting Trials
EORTC: European Organization for Research and Treatment of Cancer
GEE: generalized estimating equation
IRB: Institutional Review Board
MAR: missing at random
QLQ: Quality-of-Life Questionnaire
QLQ-BR23: Breast Cancer-Specific Quality-of-Life Questionnaire
QLQ-C30: Quality-of-Life Questionnaire Core 30
QoL: quality of life
T0: pretest evaluation
T1: 1.5-month follow-up evaluation
T2: 3-month follow-up evaluation

Edited by G Eysenbach; submitted 16.11.19; peer-reviewed by E Rincon, K Crew, Z Zhou; comments to author 12.12.19; revised
version received 25.12.19; accepted 26.01.20; published 04.03.20.

Please cite as:
Hou IC, Lin HY, Shen SH, Chang KJ, Tai HC, Tsai AJ, Dykes PC
Quality of Life of Women After a First Diagnosis of Breast Cancer Using a Self-Management Support mHealth App in Taiwan:
Randomized Controlled Trial
JMIR Mhealth Uhealth 2020;8(3):e17084
URL: http://mhealth.jmir.org/2020/3/e17084/ 
doi:10.2196/17084
PMID:32130181

©I-Ching Hou, Hsin-Yi Lin, Shan-Hsiang Shen, King-Jen Chang, Hao-Chih Tai, Ay-Jen Tsai, Patricia C Dykes. Originally
published in JMIR mHealth and uHealth (http://mhealth.jmir.org), 04.03.2020. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted
use, distribution, and reproduction in any medium, provided the original work, first published in JMIR mHealth and uHealth, is
properly cited. The complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as
this copyright and license information must be included.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17084 | p.251http://mhealth.jmir.org/2020/3/e17084/
(page number not for citation purposes)

Hou et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-7-30
http://dx.doi.org/10.1186/1471-2288-7-30
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17608932&dopt=Abstract
http://mhealth.jmir.org/2020/3/e17084/
http://dx.doi.org/10.2196/17084
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32130181&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Incorporating Behavioral Trigger Messages Into a Mobile Health
App for Chronic Disease Management: Randomized Clinical
Feasibility Trial in Diabetes

Scott Sittig1, BS, MHI, PhD; Jing Wang2, BSN, MPH, PhD; Sriram Iyengar3, BS, PhD; Sahiti Myneni4, BS, PhD;

Amy Franklin4, BS, PhD
1School of Computing, University of South Alabama, Mobile, AL, United States
2School of Nursing, University of Texas Health Science Center at San Antonio, San Antonio, TX, United States
3College of Medicine Phoenix, The University of Arizona, Phoenix, AZ, United States
4School of Biomedical Informatics, University of Texas Health Science Center Houston, Houston, TX, United States

Corresponding Author:
Scott Sittig, BS, MHI, PhD
School of Computing
University of South Alabama
150 Jaguar Drive
Mobile, AL, 36688
United States
Phone: 1 2514607576
Email: sittig@southalabama.edu

Abstract

Background: Although there is a rise in the use of mobile health (mHealth) tools to support chronic disease management,
evidence derived from theory-driven design is lacking.

Objective: The objective of this study was to determine the impact of an mHealth app that incorporated theory-driven trigger
messages. These messages took different forms following the Fogg behavior model (FBM) and targeted self-efficacy, knowledge,
and self-care. We assess the feasibility of our app in modifying these behaviors in a pilot study involving individuals with diabetes.

Methods: The pilot randomized unblinded study comprised two cohorts recruited as employees from within a health care system.
In total, 20 patients with type 2 diabetes were recruited for the study and a within-subjects design was utilized. Each participant
interacted with an app called capABILITY. capABILITY and its affiliated trigger (text) messages integrate components from
social cognitive theory (SCT), FBM, and persuasive technology into the interactive health communications framework. In this
within-subjects design, participants interacted with the capABILITY app and received (or did not receive) text messages in
alternative blocks. The capABILITY app alone was the control condition along with trigger messages including spark and
facilitator messages. A repeated-measures analysis of variance (ANOVA) was used to compare adherence with behavioral
measures and engagement with the mobile app across conditions. A paired sample t test was utilized on each health outcome to
determine changes related to capABILITY intervention, as well as participants’ classified usage of capABILITY.

Results: Pre- and postintervention results indicated statistical significance on 3 of the 7 health survey measures (general diet:
P=.03; exercise: P=.005; and blood glucose: P=.02). When only analyzing the high and midusers (n=14) of capABILITY, we
found a statistically significant difference in both self-efficacy (P=.008) and exercise (P=.01). Although the ANOVA did not
reveal any statistically significant differences across groups, there is a trend among spark conditions to respond more quickly (ie,
shorter log-in lag) following the receipt of the message.

Conclusions: Our theory-driven mHealth app appears to be a feasible means of improving self-efficacy and health-related
behaviors. Although our sample size is too small to draw conclusions about the differential impact of specific forms of trigger
messages, our findings suggest that spark triggers may have the ability to cue engagement in mobile tools. This was demonstrated
with the increased use of capABILITY at the beginning and conclusion of the study depending on spark timing. Our results
suggest that theory-driven personalization of mobile tools is a viable form of intervention.

Trial Registration: ClinicalTrials.gov NCT04132089; http://clinicaltrials.gov/ct2/show/NCT004122089
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Introduction

Background
The utilization of cell phones and, in particular, smartphones
continues to rise. As of 2018, 95% of American adults own a
cell phone, and 81% own a smartphone [1]. With the increase
in smartphone utilization, we are seeing increasing use of mobile
health (mHealth) wearable and sensing technology for patients
with chronic diseases. By leveraging the prevalence of
smartphones, we can create theoretically driven mHealth
solutions that would engage patients in their chronic disease
management while targeting sustainable behavior change.

Understanding how to engage patients (consumers) in their own
behavior and health management, particularly as it relates to
self-management for chronic conditions, is a daunting task.
However, through the use of mHealth tools, we are able to
design new techniques to promote patient engagement, which
includes combining theoretical principles from behavior change
and persuasive technology into existing mHealth design
architectures [2-4]. Utilizing persuasive technology in which
the patient interacts with an mHealth app while receiving trigger
messages can promote user engagement, improve motivation,
and bolster patients’ belief in their own ability (self-efficacy)
to manage their complex chronic health condition [5,6].
Self-efficacy refers to a person’s belief that they can accomplish
a task to produce a given outcome and has been shown to lead
to positive behavior change and improved clinical outcomes,
particularly in patients with chronic illnesses (ie, diabetes
mellitus) [7-9]. In addition, mHealth apps can provide users
with extensive educational material to improve self-efficacy
and to simplify behavior change.

Behavioral trigger messages, or relevant text messages, are one
way of facilitating behavior change by cueing targeted actions
and providing reinforcement as needed (ie, increasing motivation
and simplifying tasks to improve ability). Although shown to
be useful for improving self-efficacy and self-management,
most studies utilizing trigger messages have focused solely on
reminder messages [10-12]. Expanding trigger messages to
include other forms of engagement may also lead to positive
effects on behavior change [13]. Recent studies have shown
that the integration of behavior change theories into mHealth
apps and digital health interventions can lead to effective designs
in engaging the user and improving outcomes [14-16].

The utilization of interactive health communication applications
(IHCA) frameworks have similarly been shown to be effective
for chronic disease management (ie, type 2 diabetes) as it relates
to knowledge and self-efficacy [3,17-19]. However, even with
these critical breakthroughs in mHealth, there are still gaps in
the development of mHealth apps for chronic disease
management that focus on behavior change. These gaps include
the following: embedding multiple theoretical constructs such

as persuasive technology and behavior change theories into an
mHealth system design, and the utilization of behavioral trigger
messages instead of simple reminder messages for cueing
specific behavioral tasks.

Mobile Health and Persuasive Technology
As of late 2017, 325,000 mHealth apps were available for
download, with 78,000 new mHealth apps added in 2017 [20].
The volume of these programs reflects hope and interest in the
ability of mHealth to transform health care [21-24]. Due to the
prevalence of smartphones and other mobile devices, mHealth
has the potential to provide far-reaching transformation of health
care, particularly when aligned with behavior change theories
utilizing trigger messages from persuasive technology
[22,25-27].

mHealth apps have an advantage over computers and various
print communications because they are available at nearly any
time and any place (provided they are native apps) [24]. These
systems can engage users (ie, patients) without requiring
initiation of action by the user. However, the inclusion of theory
is often overlooked in the overall design of such systems [28].
When included, behavior change theories, such as social
cognitive theory (SCT; with a focus on self-efficacy) and the
health belief model (HBM), are effective in user engagement
of mHealth apps [19,29,30]. Persuasive technology provides a
structure to allow for behavioral trigger messages and tunneling
designs in such systems [9,31]. The successful integration of
behavior change theories into mHealth design through the use
of persuasive technology can potentially lead to reinforcement
of behavior, change in attitude and belief, and ultimately a
change in behavior [32]. Some of the most effective techniques
include the utilization of self-monitoring components, tailoring,
gamification, and utilization of push messaging for engaging
patients in the management of their health care [9,11,33,34].

Messaging in Mobile Health
Persuasive technology can assist in delivering behavioral change
techniques by triggering behaviors through explicit techniques
such as delivering messages at the right time to cue a specific
behavior, providing reminders, and using badges as incentives
for goal(s) accomplishment [6]. These triggers can comprise of
text messages, alarms, or notifications. Triggers can facilitate
the performance of specific behaviors, which can provide
support in accomplishing larger tasks needed in chronic disease
management [5,35].

Messages can take the form of sparks designed for individuals
who could benefit from motivational support, facilitators
designed for those who lack ability, or signals designed as a
simple reminder message to perform a specific behavior [35].
Although trigger messages have been used in literature, little is
known about the effectiveness of specific message forms or
their interactions.
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Behavior Change Theory and Self-Efficacy
In life, we are challenged with individual obstacles that require
us to overcome and persevere. People with chronic disease have
the additional burden of self-managing their disease processes
every day. To succeed in overcoming these obstacles,
individuals must believe that they are capable of successfully
executing certain tasks. Alfred Bandura defined self-efficacy
as “the belief in one’s capabilities to organize and execute the
courses of action required to produce given attainments” [36].
This belief in self-efficacy is a critical component of behavior
change [36,37].

Managing our health behaviors is key to reducing preventable
disease and death, particularly as it relates to chronic disease
[38]. The demand for those in health education and health
behavior to facilitate behavior change continues to rise with a
growing number of traditional and mHealth interventions to
choose from [38]. This presents several problems: determining
which intervention to use, which behavior change models would
work best, and whether there is evidence-based medicine to
support its usage. A review of the literature on preventative
measures and chronic disease showcases a plethora of behavioral
change models to choose from. There are a number of health
behavior change models such as the HBM and SCT that focus
on increasing self-efficacy to change behavior [38]. Both of
these models work well in terms of helping individuals manage
or control chronic diseases as they both consider self-efficacy
a key concept in overall behavior change [38].

For this study, we focused on integrating a theory of behavior
change (ie, SCT), the Fogg behavior model (FBM), and
persuasive technology into an IHCA framework to develop an
mHealth app called capABILITY [3,23,36]. We selected SCT
as the researchers firmly believe that self-efficacy is critical to
and has the ability to sustain behavior change through
accomplishments [36,37]. The FBM was selected as it asserts
that if a person was to perform a targeted behavior, he or she
must have motivation, have the ability to perform a behavior,
and must be triggered to perform the behavior [35]. Therefore,
we developed two sets of behavioral trigger messages called
sparks (designed for individuals who could benefit from
motivational support) and facilitators (designed for individuals
who lack ability) in an effort to enhance self-efficacy through
the utilization of FBM triggers [20]. We focused on a population
of individuals with type 2 diabetes as an example of a group
with chronic disease that could potentially benefit from such
an mHealth app. We designed capABILITY through a
user-centered approach to improve self-efficacy, knowledge,
and self-care in individuals with type 2 diabetes. It is important
to note that only the educational content is related to type 2
diabetes, so capABILITY has the potential to be replicated in
other chronic disease areas by simply changing the educational
content while utilizing the same theoretical design to include
the behavioral trigger messages. To that end, we will explore
the following premises as a feasibility study for capABILITY:
(1) explore the changes in self-efficacy, knowledge, and
self-management measure scores at baseline and

postintervention; (2) explore if participants would be more
engaged in the use of capABILITY following a behavioral
trigger; and (3) explore if participants who receive spark triggers
involving motivation will engage in the utilization of
capABILITY more promptly than those who receive facilitator
triggers.

Methods

Study Setting
The research study was approved by the institutional review
board at the University of Texas Health Science Center in
Houston as well as the University of Louisiana at Lafayette.
The study was conducted at a hospital system in the Gulf Coast
Region. The hospital system consists of several hospitals and
various ancillary health facilities (ie, physician clinics and
surgical plaza).

Recruitment
Participants of the research study were either an employee or
spouse of an employee from within the studied health care
system. In total, 20 adult participants took part in the study.
Recruitment occurred within the hospital system by emails and
flyers. Participants attended a launch event where they
consented, were provided education on how to use capABILITY,
and had capABILITY downloaded on their device.

Focus Group Sessions: Participants and Clinical
Experts
The design of mHealth apps often lacks appropriate user needs
assessment [39]. According to Burke et al [40], to improve
patient-centered outcomes, we must actively engage both
clinicians and patients in the creation of mHealth apps that
enable patients to become more effective self-managers of their
chronic disease(s). With this in mind, we conducted focus groups
with individuals with type 2 diabetes and clinical experts who
provide their care.

The focus group (participants with type 2 diabetes and clinical
experts) sessions were conducted independently. Each focus
group session was conducted for 1.5 hours. The clinical expert
focus group comprised 1 endocrinologist, 1 nurse practitioner,
2 registered nurses, and 3 registered dietitians. Of the 7 experts,
2 were also certified diabetes educators. In total, 9 participants
with type 2 diabetes mellitus took part in the participant focus
group session. These participants with type 2 diabetes were a
representative sample of the population we recruited for the
capABILITY study (they did not participate in the capABILITY
study). The participants ranged from janitorial to clinical
workers (nurses) within the hospital system.

In addition to consent documents, participants were provided
with an introduction to the study that included a definition of
self-efficacy. We utilized a semistructured focus group question
model to stimulate open discussions based on the questions that
were selected (Textbox 1) [41,42]. In addition, participants
completed a demographic survey.
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Textbox 1. Sample questions utilized for the focus group sessions.

1. What type of tasks do you give your patients to manage their diabetes at home? (clinical expert question)

2. What is the biggest challenge in your day-to-day diabetic self-management? (participant question)

3. What types of information should be delivered via an mHealth app? (participant and expert question)

The focus group sessions were audio-recorded and transcribed
to determine common themes. Once the audio files were
transcribed, we utilized qualitative software to identify key
concepts and themes.

Focus Group Information
In all, two dominant themes from both groups arose, centered
around critical gaps or shared beliefs. The participants identified
three critical gaps in their type 2 diabetes management: health
knowledge, self-management, and the financial impact of
managing their disease (Multimedia Appendix 1). Shared beliefs
included concepts found both within and between groups and
included items such as low self-efficacy, diet struggles, and low
motivation for patients with diabetes.

In addition, the focus group participants voiced a strong desire
for information to be delivered in multimedia formats including
short videos such as cooking tips and exercises presented
visually to promote this new behavior change. They felt that
this would allow them to understand better the material
presented and keep them engaged in using the mHealth app.

Both the clinical expert and participant focus groups highlighted
the following three areas in terms of needed education and
perceived low self-efficacy: diet, exercise, and self-management.
These three content areas became the core educational modules
of capABILITY and were labeled as: module 1 (diet), module
2 (exercise), and module 3 (self-management).

All of the experts agreed that self-efficacy plays a role in the
ability of an individual with diabetes to manage their disease
process. This was an important finding as our experts agreed
with the published literature that improving self-efficacy is one
of the keys to helping individuals manage their type 2 diabetes.
In addition, 86% (6/7) of the experts stated that they have
suggested a mobile device app for one of their patients
(Multimedia Appendix 2).

The researchers utilized the information gained from the focus
group sessions to include the critical gaps and shared beliefs to
inform the user-centered design of capABILITY. This ensured
that our design is reflective of the decision points we received
from both key stakeholders.

capABILITY Theory Integration
The research team utilized the IHCA framework to design
capABILITY. The IHCA framework allows for the delivery of
health information via mHealth in combination with other
theories such as behavior change or decision support [3].
Previous research has shown that IHCAs delivered through
Web-based apps provide a promising way to engage users in
their diabetes knowledge and self-management activities [17,19].
Building on previous IHCA frameworks and focus group
sessions, we embedded patient-generated health data (PGHD)
and theoretical constructs from SCT (focus on self-efficacy),
FBM, and persuasive technology [3,23,36]. SCT allowed the
researchers to focus on self-efficacy, which was a key decision
point from the focus group sessions. Persuasive technology,
FBM, and PGHD are new constructs to the IHCA framework
for which we have not identified through previous works (Figure
1). The researchers feel that these are vital components to create
an engaged mHealth app focused on behavioral change to
improve self-efficacy, knowledge, and self-management for
individuals with chronic disease (ie, type 2 diabetes). In
particular, we wanted to evaluate the two types of trigger
messages (sparks and facilitators) within the FBM to determine
their effectiveness to deliver behavioral content within our
mHealth app. We created this combination of constructs within
the IHCA framework delivered through mHealth to improve
self-efficacy, knowledge, and self-care management. Figure 1
depicts how the theories are integrated into the IHCA framework
and ultimately into the design of capABILITY.
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Figure 1. Interactive health communication application with incorporation of social cognitive theory, Fogg behavior model, and persuasive technology.
IHCA: interactive health communication application; PGHD: patient-generated health data; SCT: social cognitive theory.

capABILITY Development
The next stage in the system design of capABILITY was to
identify an mHealth authoring product that would allow us to
incorporate our new IHCA design into the mHealth
development. We ultimately decided to utilize a product called
guideVUE [43]. guideVUE is an authoring app that gives you
the ability to develop mHealth apps with a strong focus on
knowledge transfer. guideVUE provided us the ability to embed
our IHCA framework through a module (core educational
content) design. We wanted to develop capABILITY with a
static IHCA framework and to create three distinct educational
modules focusing on diet, exercise, and self-management. This
would allow our design to be replicated in other chronic disease
processes by simply interchanging the educational content.

capABILITY Educational Content Development
The educational content for capABILITY was built around the
three modules: module 1 (diet), module 2 (exercise), and module
3 (self-management). The development of material for each
module was driven by information gathered from the focus
group sessions, clinician and individual interviews, and
information from the American Diabetes Association (ADA),
the summary of diabetes self-care activities (SDSCA) measures,
perceived diabetes self-management scale (PDSMS) and the
University of Michigan Diabetes Research and Training Center’s
diabetes knowledge test (DKT) [11]. The majority of the
educational content was retrieved from the ADA, which was
transformed into media and text within capABILITY. The media
files consisted of short (2-3 min) videos of one of the researchers
highlighting key educational content areas such as strategies
for carbohydrate counting and providing weekly content
overview videos. In addition, we ensured that the videos could
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be paused, rewound, and fast-forwarded so the participants
could have full control of how and when they wanted to watch
the videos. The text files consisted of condensed educational
content from the ADA for which we also created hyperlinks in
case the participants wanted to read the complete documents.
This was particularly useful when we provided healthy recipes
for them to utilize.

Each module within capABILITY consists of 3 weeks of unique
educational material related to that particular core education
module. Each week, new information is introduced in regard
to that particular module. Table 1 depicts a representation of
the modules and education content within capABILITY.

Table 1. capABILITY module and week classification.

Module 3: Self-managementModule 2: ExerciseModule 1: DietWeek

Diabetes factsTypes of exercisesCarbohydrate counting1

Blood glucoseOvercoming exercise barriersSnacks and desserts2

Medication managementKeeping activeDiabetes superfoods3

The educational information gathered from the ADA was first
broken down by module and, then, ultimately by week. The
weekly educational topics under each specific module were
created based on the information obtained from the expert and
participant focus groups. To begin the classification of
educational material we would use in capABILITY, we created
paper folders (printed from the ADA) listed by module, then
subfolders by week. This was a tedious process as we wanted
to focus on the SCT construct of mastery [36,37]. Essentially,
this meant that the information would be provided via
capABILITY in a staggered format to promote the ideology of
mastery. For instance, module 1, week 1 focused on
carbohydrate counting and the ADA has a great text document
discussing three strategies for better carbohydrate counting.
Before transforming the paper mock-ups into the actual
educational content within capABILITY, an endocrinologist
and a nurse practitioner who focuses on type 2 diabetes reviewed
the educational content in the folders to ensure content quality
and appropriate label classification.

The development of material for each module was centered on
self-efficacy, and, in particular, we utilized mastery experience,
social modeling, and verbal persuasion. For example, we created
knowledge questions that became increasingly more challenging
as the participants gained mastery experience in a particular
module, such as exercise. This technique from SCT has the
strongest impact on self-efficacy belief [38]. The educational
videos included statements such as others like yourself have
been successful in managing their type II diabetes. These
reinforced social modeling statements were intended to show
the participants that people just like themselves have been able
to manage their chronic disease successfully. Finally, we
embedded verbal persuasion statements to facilitate behavior
change in our trigger messages such as Bringing HEALTHY
snacks to work or on the go can help curb hunger while adding
a nutritious energy boost to your day! You CAN successfully
manage your diet!

capABILITY App Development
By utilizing guideVUE, we developed and designed module 1,
week 1, which would be the replicating design structure for the
following 8 weeks of educational material to be delivered via
capABILITY (Multimedia Appendix 3). This approach allowed
us to create a flow map design infrastructure, which creates the
tunneling design ensuring that each participant follows a

predetermined set of screens. This was very important as
previous research has shown that reducing barriers such as
changes in layout is essential in trying to persuade new
behaviors [44]. The only items that changed each week were
the actual education content related to that week’s material.
This allowed the users to quickly become comfortable utilizing
capABILITY and hopefully feel very comfortable utilizing the
mHealth app. The premise of this design was based on the
principle of tunneling, which is a form of persuasive technology.
Through this tunneling design, we wanted to ensure that all of
the users had the same experience and were exposed to specific
information that they might not have seen otherwise [23].
Tunneling designs have been used to reduce cognitive load,
which is important in more complex or information heavy
mHealth apps such as capABILITY [23,44].

When capABILITY is first launched, the first screen the user
sees is the welcome screen. This screen explains what
capABILITY is and includes a capABILITY logo that the users
see on most screens. At the bottom of this screen is an ID button.
When the ID button is pressed, it opens a new screen for which
each user can select their unique ID number from a drop-down
menu. At the bottom of the ID screen is a welcome video button
that leads the participant to a welcome video screen. This
welcome video portrays one of the researchers as the moderator
and explains what will be covered during this week’s material
in capABILITY. It is important to remember that only the
content changes week to week so the process in which the user
matriculates from screen to screen remains the same. After the
user views the welcome video, he or she is able to click on the
goal button at the bottom of the welcome video screen, which
then leads them to a new goal’s screen. At this point, the
participant can then select an answer to a preformatted goal
question. For example, how many day(s) will you record your
daily carbohydrate consumption? Each week provides a new
preformatted goal question for the user to answer. At the bottom
of the goal screen is a resources button, which leads the user to
the educational resources menu (Figure 2). This menu contains
all of the educational material for the week as well as a PGHD
option, which we call the tracker button. This is the main screen
for which the users will spend most of their time. They are able
to launch various educational, PGHD, and weekly question
screens from the educational resource screen. Once the
participant clicks on one of the educational resource buttons, a
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new screen appears with that related content. In addition, some
educational resources buttons contain multiple screens due to
the educational content to be covered. Figure 2 represents

screens from module 1, week 1 in capABILITY. The second
screen shows what the participant would see after they click on
the gray food button from the first screen.

Figure 2. capABILITY resources menu.

After reviewing the educational content, the user is able to key
in their PGHD by total carbohydrate consumption (module 1:
Diet) by pressing the daily carb tracker button. The user is then
able to select the day of the week for which they want to key
in their PGHD for carbohydrate consumption. Once the user
makes the day selection, a new screen appears and they are able
to key in their daily carbohydrate consumption by breakfast,
lunch, and dinner. The user is able to access these screens and
key in PGHD at any point, which makes it easy for them to key
in PGHD when it is actually being calculated.

Once the user reaches either Saturday or Sunday via the PGHD
tracker, they are then prompted to open a new survey screen.
At this point, a new survey screen appears for which the
participant can answer four questions in total related to
self-efficacy, knowledge, self-care, and goal attainment
(Multimedia Appendix 4). The only question that remains
constant throughout each week is the self-efficacy question Am
I generally able to accomplish my goals with respect to
managing my diabetes? The participants are able to answer the
question via the following Likert Scale (ie, strongly disagree=1

to strongly disagree=5). The question is generated from the list
of eight self-efficacy questions from the PDSMS [45]. The
knowledge and self-care questions change each week and are
related to the educational content represented that week (Figure
3). The knowledge questions are derived from the University
of Michigan Diabetes Research and Training Center’s DKT and
are multiple-choice in nature. The self-care questions are derived
from the SDSCA and are generally listed as an answer of 1
through 7 days [46]. The goal question is simply a question
asking the participants if they met their goal for the week (the
goals are also provided) with the following answer choices: yes,
no or I’m not sure. After answering these survey questions, the
participants have completed their material for the week. Each
week is designed the exact same way with the exception of the
PGHD content. In addition, the participants were able to key in
the following PGHD components: carbohydrate consumption
by meal per each day of the week, total exercise (in minutes)
per day of the week, and blood glucose per each day of the
week. For blood glucose PGHD, the participant can enter the
blood glucose reading, pre- or postmeal and the time the blood
glucose was checked.
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Figure 3. capABILITY patient-generated health data tracking.

Triggers
In addition to capABILITY development, the researchers also
developed spark and facilitator trigger messages to coincide
with the use of capABILITY. We created three unique spark
and facilitator trigger messages for each week of content within
capABILITY. Essentially, we developed 27 spark triggers and
facilitator triggers that would be sent to the participants
(Multimedia Appendix 5 for examples). We utilized a mobile
group messaging app called GroupMe, which is owned by
Microsoft to deliver the trigger messages to the participants
using SMS messaging. Through GroupMe, we created two
mobile messaging groups called Sparks and Facilitators. This

allowed us to place the participants into specific groups, which
then allowed us to send either a spark or facilitator trigger
message to a specific group. This design ensured that all the
participants in a specific group received the exact same message
and also received it at the exact same time. These messages
were sent 3 days a week (eg, Tuesday, Thursday, and Saturday)
at 10 AM. This time was selected to be early enough in the day
to allow for an impact on the day’s behavior.

capABILITY Data Capture
capABILITY was designed to capture very specific data points
that would be utilized for analysis as well as user viewing (Table
2).

Table 2. capABILITY data capture.

CollectionData typeDescription

Each log-inQuantitativeParticipant ID

Once per weekQuantitative and qualitativeGoal statement

Once per dayQuantitativePGHDa (carbohydrates, exercise, and blood glucose)

Once per weekQuantitative and qualitativeSurvey questions (self-efficacy, knowledge, self-care, and goals)

aPGHD: patient-generated health data.

Once a user accesses a new week of material, the first screen
they encounter is the goal statement screen. The goal statement
changes each week and is targeted to each week’s content. Goals
become more challenging over the weeks as mastery develops
[37]. Participants both set their goal and report whether or not

they meet this milestone (answer choices were yes, no, or I’m
not sure). In addition, PGHD components supported users in
capturing key points such as their carbohydrate consumption,
exercise, and blood glucose levels. Figure 4 represents how the
participant-inputted PGHD was and how it was recorded.
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Figure 4. Patient generated health data collection.

The four survey questions at the end of each week were designed
to measure and evaluate behavioral and knowledge changes
throughout the utilization of capABILITY. Before utilizing
capABILITY, the participants completed a full self-efficacy,
knowledge, and self-care measures survey. These participants
would eventually complete this survey again upon completion
of the capABILITY study. capABILITY was designed so that
the user, at the conclusion of each week, could answer the
following questions related to self-efficacy, knowledge,
self-care, and goal assessment (Multimedia Appendix 4).

All of the weekly questions are derived from the list of pre- and
postsurvey questions. Collecting the weekly survey data in this
format was critical as it would allow us to compare a research
participant’s pretest and posttest data with how they were
actually interacting with capABILITY weekly. These data also
allow us to determine if specific types of trigger messages have
an impact on self-efficacy, knowledge, and self-care.

Heuristics Evaluation
A heuristic evaluation was conducted by 2 expert reviewers
who are familiar with the process. In the heuristic evaluation,
the experts evaluated capABILITY for adherence to good design
principles [47,48]. In total, the experts found eight violations,
which were all rated to be cosmetic or minor issues.
capABILITY was then redesigned to address these violations.
These findings were not unexpected as the authoring tool
provided templates for interaction, which had undergone
extensive testing through other developments.

capABILITY User Testing
User testing was conducted with two populations: clinical users
and patient users. In all, 2 clinical experts (an endocrinologist
and a family nurse practitioner) and 2 individuals with type 2
diabetes (these individuals did not take part in the capABILITY
intervention) were provided access to the first week of
capability. Participants were asked to review the content and

functionality of capABILITY. As all weeks followed the same
physical structure, this limited review was believed to capture
all functional issues with the system. These participants provided
feedback and participated in a semistructured debriefing session.
There were specific questions for the clinical experts and
individuals with type 2 diabetes. Below is a sample of questions
that were utilized during the interview process.

1. Do you recommend making any changes to the content? If
so, what changes do you recommend?

2. Did you have any problems utilizing capABILITY or have
any trouble navigating through the screens?

3. Do you recommend making any changes to capABILITY?
If so, what would they be?

The 2 clinical experts felt very confident that capABILITY was
providing clinically correct information about type 2 diabetes.
They were both in agreement that utilizing information from
the ADA as the backbone of the educational content was the
best methodology. In addition, they felt strongly that allowing
the user to key in PGHD data would keep them engaged and
hopefully lead to them taking more responsibility in the care of
their type 2 diabetes. Most of the recommendations they
provided were minor or cosmetic such as the following: change
the words medication adherence to medication management
and add hyperlinks to critical educational resources such as
carbohydrate counting strategies. We made both changes to
include other cosmetic improvements as well.

The 2 individuals with type 2 diabetes felt that they were able
to navigate easily through capability, and the content that was
provided would help them manage their type 2 diabetes. They
also stated that it was easy to key in PGHD, answer the goal
question, and the weekly educational questions. Their suggested
improvements included creating a button to see what content
has already been viewed and to include more videos. This
feedback was similarly incorporated into the design.
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Utilization of capABILITY
capABILITY was a 9-week study, which covered three main
diabetes content areas, which we call modules (3 weeks in each
module): diet, exercise, and self-management (ie, medication
adherence and glucose monitoring). Within each module, new
material was delivered each week through capABILITY.
Essentially, every Monday started a new week’s worth of
educational material that was intended to last until Sunday. In
addition, a 3-crossover factor design methodology was utilized.
Each participant was randomly assigned to either the control
group (no triggers), spark trigger group, or facilitator trigger
group. At the beginning of each module, the participants would
be randomly assigned to 1 of the 3 aforementioned classification
groups.

Upon conclusion of capABILITY training, consent, and
completion of survey questionnaires, the participants were
instructed to utilize capABILITY as they desire. capABILITY
was downloaded through the app store onto each participant’s
phone, and then the participant utilized Wi-Fi to access the app.
capABILITY was designed as weekly content files, so the
participants were instructed to download each new week’s worth
of content each Monday. They were provided with a schedule
of weekly content information for which they could refer to if
needed. This process ensured that participants could not jump
forward to information that was not in the canned sequence of
events (referring to tunneling as a methodology of persuasive
technology). Participants always had the ability to go back and
view older material (weeks) and were encouraged to do so. In
addition, participants were asked at the beginning of the study
to complete their weekly goal, key in PGHD, and answer their
weekly survey questions. This was only asked of them once at

the beginning of the study as we did not want to continually
remind or encourage them as this could have produced an
unwarranted motivation stimulation, which would confound
with the spark and facilitator trigger messages. Upon conclusion
of the study, the participants completed postmeasures
(self-efficacy, knowledge, and self-care) on paper. This was
completed through collaboration with the nurse navigator at the
hospital system.

Statistical Analysis
To determine if there was a statistically significant increase in
self-efficacy, knowledge, and self-management postintervention,
paired sample t test analyses were performed. In addition, a
between-subjects one-way analysis of variance (ANOVA) was
performed to determine if there was a statistically significant
difference in posttest means of self-efficacy, knowledge, and
self-management by the time classification in capABILITY of
high, mid, and low at baseline and conclusion of the study.
There were 7 participants in the high time classification that
utilized capABILITY for a total of 772 min, 7 participants in
the mid time classification that utilized capABILITY for a total
of 299 min and 6 participants that utilized capABILITY for a
total of 57 min. Paired sample t tests were also performed on
pre- and post-: self-efficacy, knowledge, general diet, specific
diet, exercise, blood glucose, and foot care. For feasibility
questions 2 and 3, we followed a 3-crossover factor design and
utilized a repeated measures ANOVA for analysis. The
dependent variables utilized in the repeated measures ANOVA
were control (C), spark trigger (S), and facilitator trigger (F).
Only participants who experienced each dependent variable
were utilized for the analysis (n=12; Table 3).

Table 3. Participants by trigger sequence (C=control, F=facilitator, S=spark; N=12).

Participants, nTrigger sequence

1CFS

4CSF

3FCS

1FSC

1SCF

2SFC

Results

Program Outcomes
In total, 20 participants were enrolled in the study and were
randomly assigned at the beginning of each module into the
control, facilitator, or spark groups. Pre- and post-: self-efficacy,
knowledge, and self-care measures were collected and analyzed
on all 20 participants. Due to attrition during the course of the

study, only 12 participants were utilized for analysis of mHealth
engagement and trigger engagement. The mean age of the
participants was 54.7 years (SD 10.4), and the mean number of
years diagnosed with type 2 diabetes was 9 (SD 7.6). Most of
the participants were female, and three-quarters of the population
was white (Multimedia Appendix 6). Table 4 shows that
self-efficacy, knowledge, and self-care measures all improved
when posttest scores are compared with that of the pretest scores.
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Table 4. Paired sample t test on self-efficacy, knowledge, and self-management (N=20; exploring changes in self-efficacy, knowledge, and
self-management measure scores at baseline and post-capABILITY pilot study).

Cohen dP value2-tailed t testChange score (Δ)Posttest mean (SD)Pretest, mean (SD)Outcome

0.38.12−1.650.323.63 (0.83)3.31 (0.84Self-efficacy

0.20.68−1.430.030.82 (0.137)0.79 (0.163)Knowledge

0.40.04−2.230.824.37 (1.80)3.55 (2.26)General diet

0.32.15−1.510.553.68 (1.85)3.13 (1.52)Specific diet

0.60.005−3.181.112.74 (1.75)1.63 (1.96)Exercise

0.36.02−2.460.984.37 (2.80)3.39 (3.03)Blood glucose

0.10.48−0.720.264.18 (2.29)3.92 (2.75)Foot care

A paired sample t test was utilized on each outcome to determine
the significance level pre- and post-capABILITY intervention.
Results indicated statistical significance on 3 of the 7 outcomes
(general diet, P=.04; exercise, P=.005; and blood glucose,
P=.02). Table 5 displays the mean and SD of the pre- and
posttest scores, including the change score (Δ) from pre-to-post
and Cohen d effect size. If we only analyze the high and mid
users (n=14) of capABILITY, we produce a statistically
significant difference in self-efficacy (P=.008) and exercise

(P=.01). The high users (7 in total) time range in the system
was 117 to 71 min and the mid users (7 in total) time in the
system ranged from 70 to 21 min. We also performed a one-way
ANOVA to analyze the between-group differences (high, mid,
and low) on each outcome. The one-way ANOVA did not show
any statistically significant differences between groups. This
could be in part to the small n within each group (high, mid,
and low users).

Table 5. Paired sample t test on self-efficacy, knowledge, and self-management (n=14); exploring changes in self-efficacy, knowledge and
self-management in only the high and mid users of capABILITY).

Cohen dP valuet testChange score (Δ)Posttest, mean (SD)Pretest, mean (SD)Outcome

0.74.008a−3.130.613.86 (0.75)3.25 (0.90)Self-efficacy

0.24.23−1.250.030.85 (0.11)0.82 (0.14)Knowledge

0.59.29−2.461.144.96 (1.37)3.82 (2.38)General diet

0.50.12−1.660.683.82 (1.20)3.14 (1.51)Specific diet

0.60.01a−2.931.212.75 (1.86)1.54 (2.14)Exercise

0.33.08−1.881.004.61 (2.83)3.61 (3.25)Blood glucose

0.13.51−0.670.324.54 (2.08)4.22 (2.70)Foot care

aValues are statistically significant.

Engagement was operationalized by duration (ie, total time in
capABILITY). To analyze duration by type of behavioral trigger
(spark, facilitator, and control), the triggers were ordered in the
form of a 3-factor crossover design. Figure 2 represents the
ordering sequence of the participants (n=12).

A repeated measures ANOVA was run to examine the
differences between the 3 different trigger types and duration.
Preliminary analysis revealed that the sphericity assumption
was not upheld (Mauchly’s test=0.411; P=.01). The
within-subject analysis revealed that there was not a significant
effect, F1,2=0.677; P=.52. In addition, descriptive statistics
showed the weekly mean duration (in seconds) of time per
participant in the control group (621) to be greater than spark
(537) and facilitator (500) groups. Table 6 shows the

engagement (duration in seconds) by module and also by trigger
type. Behavioral tasks were also evaluated as participant activity
within capABILITY. Behavioral tasks that participants could
take part in included: setting a weekly goal, acknowledgment
of meeting the goal at the end of the week, weekly PGHD input,
answering a weekly self-efficacy question, answering a weekly
knowledge question, and answering a weekly self-management
question. Participants in the control group completed the most
behavioral tasks (148), followed by particpants in the spark
group (133) and finally the facilitator group (116). Participants
in the spark group had the fewest incomplete behavioral tasks
(44), followed by participans in the control group (50), and
finally the facilitator group (51). This resulted in particpants
within the spark group producing a 75.1% (133/177) behavioral
task adherence which was the highest among the three groups.
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Table 6. Engagement (time duration) by trigger type within each module (exploring if participants who receive spark triggers involving motivation
will engage in the utilization of capABILITY more promptly than those who receive facilitator triggers).

Duration (seconds), n (%)Trigger

Module 3: Self-management (N=18,666)Module 2: Exercise (N=16,201)Module 1: Diet (N=24,870)

5289 (28.33)5122 (31.62)11,949 (48.01)Control

6475 (34.69)3660 (22.59)7898 (31.76)Facilitator

6902 (36.98)7419 (45.79)5023 (20.20)Spark

18,666 (100.00)16,201 (100.00)24,870 (100.00)Total

Engagement was operationalized by average time from trigger
delivery to capABILITY log-in. To analyze average time from
trigger to capABILITY log-in by type of behavioral trigger
(spark, facilitator, and control), the triggers were ordered in the
form of a 3-factor crossover design (n=12).

A repeated measures ANOVA was run to examine the
differences between three different triggers (spark, facilitator,
and control) and the average time to log-in to capABILITY
posttrigger delivery. Preliminary analysis revealed that the
sphericity assumption was not upheld (Mauchly’s test=0.293;
P=.002). The within-subject analysis revealed that there was
not a significant effect (F1,2=0.945; P=.40). In addition,
descriptive statistics showed that participants in the spark group
logged in to capABILITY quicker than those in the control and
facilitator groups based on the timing of trigger delivery.

As seen in the table above, the spark triggers consistently
outperformed the control and facilitator triggers in terms of
cueing the participants to engage with capABILITY more
quickly postreceipt of a trigger. The spark trigger group
produced the quickest trigger to log-in response for each module.

Participant Debriefing
A postintervention debriefing session was conducted utilizing
a semistructured question format (16 questions in total). In total,
8 of the 20 participants volunteered to participate in the
debriefing session, which lasted for 2 hours. The debriefing
session was conducted at the main hospital in a private
conference room. The main goal of the debriefing session was
to find out more information on: what did the participants learn,
how did capABILITY help them manage their diabetes, what
aspects of capABILITY did they learn the most from, when
were they most compelled to utilize capABILITY, what was
their interpretation of the trigger messages, how could
capABILITY be improved, and would they continue using
capABILITY postintervention.

In total, 7 of the 8 participants responded to the open-ended
questions, and the participants provided 97 answers for the 16
questions asked during the session.

Textbox 2 depicts a sample of questions and participant
responses during the postintervention debriefing.
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Textbox 2. Debriefing questions and sample answers.

What did you learn through using capABILITY?

• “I learned to identify when I was procrastinating in finding solutions to my problems.”

• “How to count my carbs and the difference between good and bad carbs.”

How have you changed in regard to managing your diabetes from before the study to now?

• “Increased priorities, now identifying methods to place emphasis on self-care activities.”

• “More serious about diet, exercise, health in general and foot care.”

What did you best learn from? Video, text, links, goals, keying of carbs, exercise or blood glucose?

• “Documenting my own information.”

• “Videos.”

• “Text, links, goal setting which provides a structure.”

Would you like to have more control over how you receive things with regard to tailoring it to your own personal preferences (ie, set your own goals,
message timing)?

• “I would have liked to see different levels as I was getting kind of bored because some of the stuff I already knew.”

• “It would have been helpful to set my own goals since I have been diagnosed with type 2 diabetes for a while.”

What was your overall experience with using capABILITY?

• “I lost 7 pounds during the program.”

• “Although I knew most of the information presented. It made me more aware of what I was doing wrong in trying to manage my diabetes.”

• “Positive and educational. Provided me with insight regarding my personal barriers to compliance.”

How could capABILITY be improved?

• “The information that was inputted needs to be retrievable in an understandable format.”

• “Modules for beginner, intermediate and advanced people with type II diabetes.”

Would you like to continue using capABILITY?

• “I would definitely continue using it.”

• “Yes, I feel this tool easily fits into my daily routines!”

• “If I did, it would help me from falling back into my old and unhealthy ways.”

Discussion

Principal Findings
The results of the study show the importance of utilizing a
user-centered design approach to incorporate behavioral
theoretical constructs into a framework that integrates the needs
of the end-users and clinical experts. Data analysis showed
improvements in self-efficacy, knowledge, and
self-management; however, not all of them showed a statistically
significant change from pre-to-post intervention. When the data
were analyzed with all participants (N=20), only the survey
measures of general diet, specific diet, and blood glucose
showed statistically significant improvements. Essentially, the
utilization of capABILITY produced the most significant
changes in self-management. When the data from only the high
and mid users (n=14) of capABILITY was analyzed, a
statistically significant difference in self-efficacy and general
diet (survey data) was observed. The significance of self-efficacy
changed considerably from the first analysis (N=20) of P=.12

to the second analysis (n=14) of P=.008. Therefore, the data
hint that there is a difference between groups and that the more
time spent utilizing capABILITY, the more appreciable
improvement in self-efficacy may be expected. Although there
were improvements in knowledge outcome scores, these gains
did not produce a statistically significant difference from
preintervention to postintervention. This was not surprising as
we learned through our earlier focus group sessions and
postintervention debriefing session that knowledge was not
directly correlated to self-efficacy. Some participants who scored
very high on their knowledge tests also scored very low on their
self-efficacy survey. These participants told us that although
they have a high knowledge level, they did not feel they could
add something else to their already full load of being a provider,
spouse, or parent. These participants were typically those with
a clinical education background such as nursing. In addition,
the knowledge scores overall were high to start, so there was
not much room for growth. Finally, we determined that there
was not a statistically significant difference in postmeasure
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(survey data) outcomes between the three time classification
groups (high, mid, and low).

The parameters for understanding engagement and behavioral
trigger messages were that a participant must be active in
capABILITY and receive all three types of triggers (control,
spark, and facilitator). This parameter reduced our sample size
to 12 due to attrition throughout the course of the study. In
addition, we operationalized engagement as the duration of time
spent utilizing capABILITY. We also used descriptive data
from behavioral tasks within capABILITY such as setting a
weekly goal, acknowledgment of meeting the goal at the end
of the week, weekly PGHD input, answering a weekly
self-efficacy question, answering a weekly knowledge question,
and answering a weekly self-management question.

The repeated measures ANOVA showed that there was not a
significant within-subject effect between the trigger types and
duration. The results also showed that when participants were
in the control group they engaged (duration) with capABILITY
more than when they were in the spark or facilitator trigger
group. Overall, participants in the control group utilized
capABILITY for 22,360 seconds, as compared with 18,033
seconds for participants in the facilitator group and 19,344 for
participants in the spark. Every 3 weeks (start of new module),
the participants were randomized into 1 of the 3 trigger
groupings. At the start of the study (module 1), there were 5
participants in the control group, 4 in the facilitator group, and
3 in the spark group. As we ended up with 12 participants for
this analysis, the start of the randomized grouping order may
have impacted engagement as a whole. As seen in Table 6,
duration time in module 1 far exceeded duration time in modules
2 and 3. This is common at the beginning of a study; however,
there were 5 participants in the control to start the study,
compared with only three in the spark group. In modules 2 and
3, the participants in the spark group outperformed (more
duration time in capABILITY) those in the control and facilitator
groups. It is plausible that, if the randomized trigger groupings
started out with the same number of participants in the spark
group as the control group, we would see the spark group with
the largest overall duration time. Although it would not be
statistically significant, it would be an important descriptive
data finding.

In addition to the engagement (duration) analysis, a descriptive
analysis was conducted on behavioral tasks within capABILITY.
The control group completed the most behavioral tasks (148),
followed by the spark group (133), then the facilitator group
(116). As stated above, this could be linked to more participants
starting module 1 in the control group. Although the control
group completed the most behavioral tasks, the spark group had
the highest adherence percentage to completing the behavioral
tasks.

The repeated measures ANOVA showed that there was not a
significant within-subject effect between the trigger types and
the duration of time between trigger delivery to participant
log-in of capABILITY. Although the results were not
statistically significant, the spark triggers did produce the fastest
response from trigger to capABILITY log-in.

The fact that the spark triggers engaged the participants to log
in to capABILITY at a much quicker response rate is a very
important finding. The FBM states that for a person to
accomplish a specific behavioral task, the following must occur:
be motivated, have the ability or capacity to perform the
behavior, and to be triggered to perform the behavior [35]. Spark
triggers could be the missing link in the attempt to cue
individuals to perform a specific behavior within a given amount
of time.

It is interesting to note that both the spark and facilitator triggers
outperformed the control group in engaging the participants to
log in to capABILITY quicker; however, individuals in the
control group actually spent more time using capABILITY. We
feel this confirms that the triggers (in particular, the spark) cue
an individual to accomplish a task, but do not necessarily
improve their engagement as time spent within a system. This
is evidenced in a study by Weymann et al [17], where a tailored
IHCA designed for individuals with chronic diseases showed
that the participants spent significantly more time in the system
compared with the control group; however, it did not lead to
more knowledge or patient empowerment. Combining a tailored
IHCA mHealth app with spark triggers could potentially
improve both engagement in the system as well as behavioral
outcomes. Future work with larger sample sizes should explore
this idea further to determine if spark developed triggers engage
users to cue a particular behavior quicker. In addition,
motivation scales should be used to ascertain initial baseline
scores to determine the effect this has on triggers, especially
spark triggers (these have a focus on motivation).

Limitations
The primary limitation of this study was the small sample size,
which did not produce a large enough statistical power for us
to detect statistically significant changes in the engagement of
behavioral triggers. Second, all the participants in the study
were employed full time with benefits, which may not fully
represent a typical chronic disease population. Third, individual
differences in motivation and extrinsic factors, such as the
timing of the study, may have an impact. Studies of larger
samples and longer designs would address these concerns.
Finally, participant attrition did impact the ability to conduct
robust statistical analysis.

Conclusions
We utilized a user-centered design process, which incorporated
individuals with type 2 diabetes and clinical experts. This
process is critical in understanding the decision points of the
key stakeholders to integrate into an mHealth design. The IHCA
framework allows for the inclusion of behavior change theories
and persuasive technology (including trigger messages) to be
integrated into an mHealth system design for individuals with
chronic disease. Our work suggests that self-efficacy,
knowledge, and self-management may be improved through
utilization of a theory-driven mHealth app. Future work should
focus on replicating this model in other chronic diseases with
larger sample sizes to determine if self-efficacy, knowledge,
and self-management can be improved.
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In addition, our work implies that spark triggers have the ability
to cue specific individual actions quicker than facilitator triggers
or simply no triggers at all. This is an important discovery in
the area of consumer informatics as we may be able to design
triggers through a targeted population-based approach instead
of individualized tailored triggers. The creation of
population-based spark triggers for chronic disease could be an
effective approach to cueing positive behavioral tasks for large
populations at a time through mHealth. This could become a
powerful tool that could be utilized in accountable care
organizations, managed care organizations, large health care

systems, or population health management at any level. It is to
be noted that our research findings in the area of spark triggers
differs from the idea in the FBM that individuals may be more
tolerant of facilitators or reminders over the course of time [35].
The 9-week study showed that spark triggers continually cued
participants to engage with capABILITY at the beginning and
conclusion of the study. From these findings, we feel that trigger
messages, which contain motivation (sparks) in the form of
pleasure, hope, and social acceptance, cue actions quicker than
facilitator messages or simple reminders.
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ANOVA: analysis of variance
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PGHD: patient-generated health data
SCT: social cognitive theory
SDSCA: summary of diabetes self-care activities measure
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Abstract

Background: Preventing and reducing substance use disorders, sexually transmitted infections (STIs)/HIV, and teen pregnancy,
and the associated risk behaviors (ie, substance use and sexual risk behaviors) among youth remain public health priorities in the
United States. Equally important is improving the uptake of STI/HIV testing among the youth. Mobile health (mHealth) apps
may be a solution to ameliorate these public health concerns; however, few mHealth preventive interventions have demonstrated
efficacy in reducing substance use or sexual risk behaviors or improving the uptake of STI/HIV testing among the youth, particularly
in clinic settings.

Objective: This small-scale study aimed to examine the feasibility of conducting a pilot randomized controlled trial (RCT). We
evaluated the effects of Storytelling 4 Empowerment (S4E), relative to enhanced usual practice, on the potential mechanisms by
which behavior change occurs, namely clinician-youth risk communication, prevention knowledge, and substance use and sexual
risk refusal self-efficacy. We also assessed the ability to measure targeted outcomes of past 30-day substance use (ie, alcohol,
tobacco, and other drug use), condomless sex, and alcohol or drug use before sex, as well as the uptake of STI/HIV testing.

Methods: Employing community-based participatory research principles, 50 youths aged 13 to 21 years were recruited from a
youth-centered community health clinic in Southeast Michigan, randomized sequentially to either S4E or enhanced usual practice,
and assessed at baseline, immediately postintervention, and 30 days postintervention. S4E consists of 3 modules, including alcohol
and drug use, tobacco, and STI/HIV.

Results: Relative to youth in the enhanced usual practice group, S4E participants demonstrated higher youth-clinician risk
communication (mean 3.22, SD 1.67) and increases in prevention knowledge (Δ score mean 0.36, SD 0.51) and self-efficacy (Δ
score mean 0.16, SD 0.47). In addition, youth in the S4E group showed reductions in the proportions of past 30-day overall
substance use (Cohen h=0.71, 95% CI 0.15 to 1.27), as well as past 30-day alcohol (Cohen h=0.71, 95% CI 0.15 to 1.27), tobacco
(Cohen h=0.17, 95% CI −0.39 to 0.73), and drug use (Cohen h=1.28, 95% CI 0.72 to 1.84). The results also suggest a reduction
in the proportion of youths who reported past 30-day condomless sex (Cohen h=0.18, 95% CI −0.38 to 0.74) and alcohol use
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before sex (Cohen h=0.44, 95% CI −0.12 to 1.00). Finally, the findings also demonstrated an increase in the proportion of youths
who reported STI/HIV testing over time (Cohen h=0.16, 95% CI −0.39 to 0.72).

Conclusions: The findings suggest the feasibility of a small-scale pilot RCT. S4E demonstrated shifts in the hypothesized
direction, reducing substance use, sexual risk behaviors, and improving the uptake of STI/HIV testing among youth in a clinic
setting. The findings suggest that a larger RCT may be warranted.

Trial Registration: ClinicalTrails.gov NCT03855410, https://clinicaltrials.gov/ct2/show/NCT03855410.

(JMIR Mhealth Uhealth 2020;8(3):e16251)   doi:10.2196/16251

KEYWORDS

youth; mHealth; illicit drugs; sex behavior; HIV; primary care

Introduction

The Prevalence of Sexually Transmitted Infections/HIV
and Associated Risk Behaviors Among the Youth
Sexually transmitted infections (STIs), including HIV, and teen
pregnancy, remain significant public health concerns among
youth in the United States [1-4]. STIs and HIV infection have
been linked to infertility, cancer, and increasing vulnerability
to opportunistic infections [5,6]. In addition, teen pregnancy
has been linked to low income, poverty, and low educational
attainment [7]. Therefore, preventing and reducing STIs, HIV,
and teen pregnancy, as well as associated risk behaviors such
as substance use and sexual risk behaviors, remain critical public
health priorities.

Substance use and sexual risk behaviors may directly or
indirectly increase the risk of STIs, HIV, and teen pregnancy.
These behaviors often increase during adolescence, highlighting
the need to intervene in these behaviors throughout this
developmental period of increased vulnerability [8-10]. National
epidemiologic data suggest that substance use behaviors,
including alcohol, tobacco, and other drug use, are widespread
among the youth [11]. Substance use behaviors often parallel
other risk behaviors [12] and have been linked to increased
sexual risk behaviors among the youth [8,13,14]. In addition to
preventing and reducing substance use and sexual risk behaviors,
STI and HIV testing are key strategies to reduce the high rates
of STI/HIV infection among the youth [15,16]. Despite the
Centers for Disease Control and Prevention guidelines, many
youths are not routinely screened for STIs [17], and 90.7% of
9th- to 12th-grade students report having never been tested for
HIV [11]. Therefore, there remains an urgent need to identify
settings and tools that may be leveraged to improve the uptake
of STI/HIV testing among youth.

Leveraging Youth-Centered Community Health Clinics
and Mobile Health Apps to Prevent Sexually
Transmitted Infections/HIV Among the Youth
Youth-centered community health clinics may be an ideal setting
to engage youth in prevention services. Evidence supports that
compared with adult-focused clinics and AIDS service
organizations, youth are more likely to seek substance use and
sexual risk prevention and risk reduction services from
youth-centered community health clinics [18,19]. However,
relatively few interventions have been developed and tested in
clinic settings [20,21]. Leveraging clinic settings, in combination

with technology, may have great utility in identifying substance
use, sexual risk behaviors, and STI/HIV testing solutions for
youth.

Mobile health (mHealth) refers to medical or public health
initiatives and practices supported by mobile devices such as
tablets and the internet [22]. Among a limited yet growing body
of research, mHealth interventions have been pilot-tested and
demonstrated positive shifts in reducing substance use, sexual
risk behaviors, or increasing STI/HIV testing among youth
[23-28]. For example, researchers have shown that brief mHealth
interventions reduce marijuana use among youths aged 15 to
24 years at 3 months postintervention [24] and heavy alcohol
consumption among young bisexual men at 3 months
postintervention [26]. Other research has shown that brief
mHealth interventions can improve the uptake of HIV
[23,25,28,29] and STI testing [23] and decrease the frequency
of condomless sex [25].

Limitations of Scientific Knowledge on Mobile Health
Preventive Interventions
Although scientific advancements on mHealth preventive
interventions have been made, several important limitations
exist. First, few mHealth preventive interventions focus on
substance use and concurrent risk behaviors (ie, sexual risk
behaviors) in younger adolescents (aged <18 years) [25,30],
missing the opportunity to affect a key developmental period
of enhanced risk-taking [31]. Second, interventions targeting
sexual risk behaviors and uptake of STI/HIV testing have
focused primarily on young men who have sex with men
[23,25,29], with few interventions focused on other vulnerable
populations. Indeed, stark HIV disparities among men who have
sex with men exist, accounting for 87% of new HIV diagnoses
among youths aged 13 to 24 years [32]. Also important are
racial and ethnic minority youth and adolescent women who
constitute additional vulnerable populations of youth [32-34].
Third, to date, interventions have focused primarily on linking
the youth to STI/HIV testing sites [23,29], with relatively few
preventive interventions focused on the youth once they arrive
at the clinic. Although drawing youth to the clinic is an
important first step, it does little good if effective prevention
services are not provided once the youth arrive at the clinic.
Simply focusing on drawing the youth to clinics may create
missed opportunities for engaging the youth in additional
prevention strategies, particularly among those who are unaware
of their engagement in risky behaviors [30]. To address these
limitations, we conducted a small-scale randomized controlled
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trial (RCT) to pilot-test the feasibility of a multilevel mHealth
preventive intervention among a diverse sample of youth in a
clinic setting.

The Storytelling 4 Empowerment Mobile Health
Preventive Intervention App
Employing community-based participatory research (CBPR)
principles [35], we developed Storytelling 4 Empowerment
(S4E) [30,36]. Guided by ecodevelopmental [37] and
empowerment theories [38], S4E aims to reduce substance use,
sexual risk behaviors, and improve uptake of STI/HIV testing
through improving clinician-youth risk communication,
prevention knowledge, and self-efficacy [30]. This is
accomplished through a multilevel mHealth app that provides
interactive, targeted, and tailored content focused on the
prevention of substance use and sexual risk behaviors. This
mHealth app is then followed up with a clinician-initiated
prevention and risk reduction face-to-face encounter, providing
clinicians the opportunity to reinforce content provided to youth
during their interaction with the mHealth app. Because S4E has
been shown to have a positive user experience, an effective user
interface, and high feasibility and acceptability among both
youth and clinicians [30,39], a next important step is to conduct
a small-scale pilot RCT to determine the feasibility of S4E and
examine shifts in potential mechanism of change and the ability
to measure substance use, sexual risk behaviors, and uptake of
STI/HIV testing among a diverse sample of youth. We believe
our S4E multilevel approach may offer advantages over other
approaches for several reasons. First, our intervention was
developed with and for the targeted community. For example,
youth helped steer the development of S4E with regard to the
user experience and user interface [36]. Researchers affirm that
community-engaged research employing CBPR principles may
lead to enhanced uptake of, and optimally efficacious, preventive
interventions [35]. Second, our intervention is developmentally
and culturally congruent, utilizing spaces and tools that align
with youth perspectives. Specifically, youth-centered clinics
are safe spaces for many youths, thereby providing a potentially
high-impact context to improve public health. Furthermore,
approximately 95% of the youth report having access to mobile
devices [40], which may be leveraged to deliver risk behavior
solutions to this vulnerable population. Finally, our S4E
approach was grounded in decades of science and informed by
prevention principles [41]. For example, S4E is theory driven,
targets multiple levels, and focuses on multiple risk behaviors
that often co-occur [30,36,39].

Purpose of the Study
The purpose of this study was to conduct a small-scale pilot
RCT to determine the feasibility of S4E, relative to enhanced
usual practice. We evaluated changes in the potential
mechanisms of change, namely clinician-youth risk

communication, prevention knowledge, and self-efficacy over
time. We also assessed the ability to measure substance use,
sexual risk behaviors, and uptake of STI/HIV testing over time
among a diverse sample of youth in a clinic setting. Given the
small-scale pilot nature of our study and sample size, statistical
significance was deemphasized. Rather, our goal was to assess
feasibility and establish the critical parameters necessary to
inform a larger future RCT.

Methods

Participants
We recruited youth and clinicians between October 2016 and
July 2017 from a youth-centered community health clinic
located in Southeast Michigan that offers a full range of health
care, mental health, and supportive services to young people as
they transition to adulthood.

Youth recruitment occurred during the clinic’s health
appointment reminder phone calls. To be eligible for this study,
youth had to (1) be aged between 13 and 21 years, (2) live in
Southeast Michigan without plans to move out of the area during
the study period, (3) have a scheduled appointment with a
participating clinician, and (4) report no prior history of
psychiatric hospitalization. Of the 277 youths who were screened
for eligibility, 211 met the inclusion criteria. Of these, 109
youths did not return calls or messages left by the study team,
23 canceled or did not show for their scheduled health
appointment, 11 had disconnected or incorrect phone numbers,
10 reported conflicting schedules with school or work, and 8
refused to participate. Therefore, of the 211 eligible youths, 50
were successfully recruited (see Figure 1).

Clinician recruitment occurred during weekly clinic staff
meetings, and all clinicians at the health clinic were eligible to
participate if they (1) worked in Southeast Michigan and (2)
worked with our target population. The study team approached
8 clinicians, of which 7 agreed to participate. Both youths and
clinicians who expressed interest in participating in the study
were contacted by the study team to screen for eligibility, to
enroll, and to complete study consent protocols. To protect the
confidentiality of the youth aged between 13 and 17 years, a
waiver of parental permission was obtained. This waiver was
in accordance with the state of Michigan’s Title X Program and
Public Health Code, MCL 333.6121, which states that a minor
aged 17 years or younger can consent to sexual and reproductive
health and substance use services without parental knowledge.
Both participating youths older than 18 years and clinicians
were presented with consent through a comprehensive written
waiver of documentation that did not require a signature from
the participant or legally authorized representative while
containing all the elements of informed consent required by the
Health and Human Services’ regulations and policy.
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Figure 1. Consolidated Standards of Reporting Trials table.

Sample Characteristics
In line with other research pilot testing mHealth preventive
interventions [24,26], the sample size for this study was 50,
with 25 youth participants randomized to the S4E group and 25
randomized to the enhanced usual practice group. Of the 50
youths, 41 (82%) identified as female, followed by 4 (8%)
males, and 4 (8%) transmales, and 1 refused to respond. The
mean age of the youths was 18.82 years (SD 2.1, range 13-21).
The racial composition of these 50 youths consisted of 23 (46%)
non-Hispanic white, 21 (42%) black, 1 (2%) Native American,
4 (8%) ascribing to more than one race, and 1 (2%) selecting
Other. Regarding the youths’ educational attainment, 36%
(18/50) of youths reported having completed some college,
whereas 30% (15/50) reported having completed high school.
The remaining 34% (17/50) of youths reported having completed
a grade between 7th and 11th.

Among the 7 clinicians who agreed to participate, 6 (86%)
identified as female, with a mean age of 43.14 years (SD 7.95,
range 34-56), and 5 (71%) were non-Hispanic white, followed
by 1 (14%) Hispanic or Latino and 1 (14%) Asian. They
reported an average of 10.86 years (SD 7.45, range 1-22) of
medical practice in their respective specialties: 71% (5/7)
practiced family medicine and 29% (2/7) were pediatricians.
Finally, 71% (5/7) of the clinicians reported having lived in the
area where they work for more than 10 years, and 29% (2/7)
reported having lived in the area for fewer than 10 years.

Study Design
This study employed community-based participatory research
principles [35]. A youth leadership council, clinic director, and

staff were involved in all aspects of this research, including
preparing and submitting the proposal to fund this study,
identifying the target population, developing the study design,
and disseminating the study findings (eg, publications). This
study consisted of a 2 (group) × 2 (time) small-scale pilot RCT.
Youth participants were randomly assigned to either the S4E
experimental group or enhanced usual practice control group
via sequential randomization [42]. Data were collected on tablets
and captured using Research Electronic Data Capture, a Health
Insurance Portability and Accountability Act–compliant,
web-based app that is hosted on secure servers at the University
of Michigan Medical School. To reduce potential bias, eligible
participants completed health surveys that included questions
regarding substance use, sexual risk behaviors, and STI/HIV
testing practices, before randomization. All youths arrived 1
hour before their scheduled health care appointment to have the
study explained to them in detail, to provide consent, and to
complete baseline assessments in a reserved room, all of which
took approximately 30 min. Youths participated in the
intervention (S4E or enhanced usual practice) in a reserved
room with internet connection for approximately 30 min, while
they waited for their health appointment. Participants completed
the S4E intervention on tablets provided to them by the research
team. The S4E mHealth version tested in this study was
developed for Apple’s operating system (iOS). Because this
was a phase I/II pilot study, we had participants complete the
S4E intervention in the clinic to have a more controlled
environment. Youth participants were assessed at baseline before
their health appointment, immediately postintervention, and 30
days postbaseline. Clinicians were assessed at baseline and
immediately postintervention for each health appointment.
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We retained 49 participants at our 30-day follow-up (49/50,
98% retention rate). Youth participants received a total of US
$60 in incentives, corresponding to US $20 at baseline and US
$40 at the 30-day follow-up. Through a collaborative process,
the clinic and research team decided to provide a US $2000
incentive to benefit the entire community health clinic for
providing us with meeting space and for the clinicians’ time on
the project, rather than give individual incentives to the
participating clinicians.

Study Groups

Storytelling 4 Empowerment Group
The S4E intervention content was generated through
community-university research involving youth-led groups in
conjunction with scientific prevention principles [30].
Theory-driven, S4E takes a multilevel approach and is guided
by an ecodevelopmental [37] and empowerment framework
[38]. Youths in the S4E group received targeted, tailored
prevention content based on their responses to the S4E risk
behavior assessment, which includes the Car, Relax, Alone,
Forget, Friends, Trouble screener [43]. This assessment is
intended to identify the youths’ specific risk behaviors based
on the past year and lifetime reports of substance use, sexual

risk behaviors, and past 6-month STI/HIV testing practices
(Multimedia Appendix 1). From an empowerment perspective,
the scores prompt risk-specific interactive prevention content
(eg, short animated storytelling scenarios, interactive diagram
of body health activities) for the S4E youth (Figure 2). This
interactive content is delivered via 3 modules (ie, alcohol and
drug use, tobacco, and STI/HIV) and aims to improve prevention
knowledge, self-efficacy, and refusal skills while linking youth
to important adult figures. From an ecodevelopmental
perspective, the clinician-facing app contained the participants’
health appointment information, their assigned group, and their
S4E risk assessment responses. Both the youth and clinician
S4E apps work synergistically, providing clinicians access to
the youths’ risk responses, motivational interviewing scripts to
facilitate clinician-youth communication, and resources to local
services that are based on the youths’ risk behaviors (Figure 3).
Overall, the S4E intervention aims to improve substance use
and sexual risk prevention knowledge, self-efficacy, and refusal
skills, as well as to facilitate clinician-youth risk communication.
By focusing on these malleable factors, the overarching goal of
the S4E intervention is disease prevention (ie, substance use
disorders, STI/HIV) and health promotion (ie, STI/HIV testing)
through reductions in substance use, sexual risk behaviors, and
improvements in STI/HIV testing among youth.

Figure 2. Storytelling 4 Empowerment animated storytelling scenario.
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Figure 3. Clinician-facing Storytelling 4 Empowerment application highlighting youth risk behaviors.

Enhanced Usual Practice Group
The participating youth-centered community health clinic’s
usual practice consists of primary care, mental health, sexual
and reproductive health, substance use prevention, support, and
education (eg, Women, Infants, and Children Supplemental
Food Program), and gender-affirming health care to youths aged
12 to 25 years. Participants in both the S4E group and enhanced
usual practice received the clinic’s usual services. In addition,
participants in the enhanced usual practice group received a
binder with a printed PDF version of the S4E tobacco module
content to view before their health care appointment. The
materials consisted of epidemiologic statistics and prevention
health information related to tobacco and cigarette use. The
Youth Leadership Council strongly recommended an enhanced
usual practice control group so that all youth participants in the
trial would receive some form of additional prevention services.

Measures

Demographics
Youth and clinicians completed a demographic survey that
asked their age, ethnicity, race, and gender identity. In addition,
youth reported educational attainment, and clinicians reported
their medical specialty, years of clinical experience, and length
of time residing in the area where they practiced.

Clinician-Youth Communication (Immediately
Postintervention)
Both clinicians (Cronbach alpha=.81, 9-item) and youth
(Cronbach alpha=.95, 9-item) interactions during the clinic visit
were assessed via items extracted and adapted from the matched
pair instrument (MPI) [44] immediately postintervention. These
items assessed the process and content of the communication,
including the language used and behaviors performed by
clinicians related to substance use and sexual risk behaviors
services. A sample statement for clinicians is as follows:
Encouraged the patient to express his or her thoughts
concerning drug use and/or sexual risk behaviors. A sample
statement for youths is as follows: My doctor encouraged me

to express my thoughts concerning drug use and/or sexual risk
behaviors. Both clinicians and youth responded to items in the
measure using a 6-point Likert-type scale (0=not applicable,
5=strongly agree). To make the MPI sum scores more
interpretable, the scores were rescaled to their original 6-point
metric by dividing the sum total by the total number of items
before significance testing.

Self-Efficacy Outcomes

Substance Use Refusal Skills

Youths’ substance use refusal skills were assessed through 2
separate items on a 4-point scale (1=very hard to 4=not very
hard). Sample questions included the following: Pretend your
best friend offered you a drink of beer or wine and you did not
want it. How hard would it be to say no? and Pretend your best
friend offered you some marijuana and you did not want it. How
hard would it be to say no?

Sexual Risk Behavior Refusal Skills

One item was used to assess youths’ sexual risk behavior refusal
skills. The statement read the following: I can say no to sex if
my partner and I do not have a condom. Responses were on a
5-point agreement scale (1=strongly disagree, 5=strongly agree).

Prevention Knowledge Outcomes

Substance Use Prevention Knowledge

Youths’knowledge about alcohol or drugs and tobacco products
was assessed through 2 separate items. Items included the
following: If I use alcohol or drugs, I will have more health
problems than other people and If I use tobacco products, I will
have more health problems. Responses were on a 4-point
agreement scale (1=disagree a lot to 4=agree a lot).

Sexual Risk Prevention Knowledge

Sexual risk prevention knowledge was measured through 2
separate items related to the effectiveness of condom use. Items
included the following: Condoms help prevent pregnancy, and
If I have sex without a condom, I am likely to get HIV/STIs.
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Responses were on a 5-point agreement scale (1=strongly
disagree, to 5=strongly agree).

Behavioral Outcomes

Substance use behaviors, sexual risk behaviors, and HIV/STI
testing were dichotomized for analysis, whereby 0 was used for
No (ie, no risk present), and 1 indicated Yes (ie, risk was present)
for the item in question.

Substance Use Behaviors (Baseline and 30-Day Postbaseline)

Youths’ lifetime and past 30-day substance use behaviors were
assessed using items adapted from the Monitoring the Future
study [45,46]. Sample items included the following: Have you
ever had any beer, wine, wine cooler, or liquor to drink? and
Have you had more than a few sips of alcohol on more than
one occasion during the past 30 days?

Sexual Risk Behaviors (Baseline and 30-Day Postbaseline)

Participants’ lifetime and past 30-day sexual risk behaviors
were assessed using items extracted from the Sexual Behavior
Instrument [47]. Sample items include Have you ever had
vaginal, anal, or oral sex without using a condom? and In the
past 30 days, about how often have you had vaginal, anal, or
oral sex without using a condom?

Sexually Transmitted Infection and HIV Testing (Baseline,
Immediately Postintervention, 30-Day Postbaseline)

We assessed youths’ lifetime and most recent STI and HIV
testing. Example questions included the following: Have you
ever been tested for HIV? and Did you receive an STI test?

Analytic Strategy
Given the modest sample size and goals of a pilot
RCT, significance testing by group was deemphasized [23].
Rather, we determined whether outcomes shifted in the
hypothesized direction and gathered the necessary parameters
to use in a larger RCT in the future [48]. The data analytic
strategy consisted of 4 steps. First, we conducted a descriptive
statistical analysis on demographic and outcome variables at
baseline and used chi-square tests and analysis of variance to
test for significant group differences at baseline. Second, we
conducted chi-square tests and 2-tailed t tests to determine if

there were significant differences by group in attrition and
elapsed time between baseline and 30-day follow-up
assessments. Third, we determined group differences in change
of potential mechanisms of change (ie, self-efficacy, prevention
knowledge, clinician-youth risk communication) over time.
Finally, we assessed the ability to measure between-group
differences (ie, S4E vs control) in the change of reported
substance use, sexual risk behaviors, and STI/HIV testing over
time. We also assessed the ability to measure within-group
differences in outcomes among participants in the S4E
intervention group. Differences were determined using
proportion change (Δ %) for categorical outcomes and mean
change (Δ score, absolute net gains) over time for continuous
outcomes. We report the observed effect sizes for the outcome
change difference scores by group using Cohen d for continuous
outcomes and Cohen h for binary outcomes, which measure the
difference between 2 proportions (h=2arcsin × (sqrt P1) −
2arcsin × (sqrt P2), where P1=proportion 1 and P2=proportion
2). Effect sizes were estimated as small (d/h<.20), medium
(.20≥d/h≤.45), and large (d/h>.45) to observe the magnitude of
differences [49]. All analyses were performed in SPSS version
24 [50], with the exception of Cohen h power calculations,
which were performed in R’s version 3.5.2 PWR package [51].

Results

Comparability of Groups
As shown in Table 1, chi-square tests and analyses of variance
results suggest no significant S4E vs control group differences
at baseline on any demographic characteristic (eg, race), lifetime
or past 30-day substance use, sexual risk behaviors, and lifetime
STI/HIV testing. The absence of significant differences in these
variables at baseline suggests that our trial’s randomization
procedures were successful. The median number of days
between baseline and follow-up was 31 (mean 32.63, SD 8.62);
no significant differences by group in the number of days
between baseline and 30-day follow-up assessments were
observed using a 2-tailed t test, t46.36=0.42, P=.68. In addition,
no significant differences in attrition by group were observed,

χ2
1=0.0, P=.92.
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Table 1. Baseline comparisons by group on demographic and behavioral outcomes (N=50).

P valuet test/chi-square (df)Control (n=25)S4Ea (n=25)Outcomes

.56−0.58 (47.98)b19.0 (2.19)18.6 (2.15)Age (years), mean (SD)

Gender, n (%)

.611.0 (2)20 (80)21 (84)Female

.611.0 (2)2 (8)2 (8)Male

.611.0 (2)3 (12)1 (4)Transmale

.611.0 (2)——cTransfemale

.611.0 (2)—1 (4)Refuse to answer

Race, n (%)

.662.4 (4)10 (40)11 (44)Black

.662.4 (4)13 (52)10 (40)White

.662.4 (4)—1 (4)Native American

.662.4 (4)2 (8)2 (8)More than one race

.662.4 (4)—1 (4)Other

Lifetime substance use, n (%)

——21 (84)21 (84)Lifetime alcohol use

.770.9 (1)17 (68)16 (64)Lifetime tobacco use

.780.1 (1)13 (52)14 (56)Lifetime other drug use

Past 30-day substance use, n (%)

.770.1 (1)16 (64)15 (60)Past 30-day substance use (ATODd)

.261.3 (1)14 (56)10 (40)Past 30-day alcohol use

.231.4 (1)11 (44)7 (28)Past 30-day tobacco use

.261.3 (1)7 (28)12 (48)Past 30-day other drug use

Lifetime sexual risk behaviors, n (%)

——20 (80)20 (80)Lifetime condomless sex

.162.0 (1)14 (56)9 (36)Lifetime alcohol use before sex

.690.2 (1)8 (32)7 (28)Life drug use before sex

Past 30-day sexual risk behaviors, n (%)

.670.2 (1)13 (62)13 (62)Past 30-day condomless sexe

.670.2 (1)3 (14)2 (10)Past 30-day alcohol use before sexe

.730.1 (1)4 (19)3 (14)Past 30-day drug use before sexe

.440.6 (1)20 (80)22 (88)Lifetime HIV/STIf testing

aS4E: Storytelling 4 Empowerment.
bt test for age; rest are chi-square values.
cData are not applicable.
dATOD: alcohol, tobacco, other drug use.
eAmong sexually active youth.
fSTI: sexually transmitted infection.

Intervention Effects on Clinician-Youth Risk
Communication
Immediately postintervention, youths in the S4E group reported
higher levels of clinician-youth risk communication (mean 3.22,

SD 1.67), relative to the youths in the control group (mean 2.96,
SD 1.63; t46.77=0.56; P=.58). Although these group differences
were not statistically significant, the estimated effect size (Cohen
d=0.16, 95% CI −0.41 to 0.72) yielded a small effect size.
Similarly, S4E clinicians reported higher levels of
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clinician-youth risk communication (mean 3.47, SD 1.13),
relative to clinicians in the control group immediately
postintervention (mean 3.23, SD 1.02; t45.98=0.75; P=.45).
Although these differences were not statistically significant, the
estimated effect size (Cohen d=0.22, 95% CI −0.34 to 0.79)
yielded a small value.

Intervention Effects on Self-Efficacy
As shown in Table 2, youths in the S4E group reported greater
change scores in substance use self-efficacy alcohol refusal (Δ
score mean 0.22, SD 0.67), relative to the youths in the control
group (Δ score mean 0.16, SD 0.55; t42.79=0.32; P=.75; Cohen
d=0.10) and for drug refusal (Δ score mean 0.09, SD 0.68),
relative to the youths in the control group (Δ score mean 0.08,
SD 0.70; t44.51=0.05; P=.96; Cohen d=0.01). Yet, both the S4E
group (Δ score mean 0.08, SD 0.78) and the control group (Δ
score mean 0.13, SD 0.92) showed an increase in sex
self-efficacy (t44.06=−0.19; P=.85; Cohen d=−0.06). In contrast
to the between-group effects, intervention effects within the
S4E group (Table 3) for both substance use items, alcohol
refusal (Δ score mean 0.21; t22=1.55, P=.14; Cohen d=0.38)
and drug use refusal (Δ score mean 0.09; t21=0.62; P=.54; Cohen
d=0.12), yielded small to medium effect sizes. Similarly, sexual
risk self-efficacy change scores within the S4E group (Δ score
mean 0.08; t23=0.53; P=.60; Cohen d=0.10) yielded small effect
sizes.

Intervention Effects on Prevention Knowledge
As shown in Table 2, youths in the S4E group reported higher
overall gains in substance use prevention knowledge for tobacco
use (Δ score mean 0.30, SD 0.77), relative to the youths in the
control group (Δ score mean 0.16, SD 0.80; t45.93=0.64; P=.53;
Cohen d=0.18). The S4E group reported similar gains of
prevention knowledge for alcohol or drug use (Δ score mean
0.35, SD 0.65), relative to the youths in the control group (Δ
score mean 0.20, SD 1.00; t41.46=0.61; P=.54; Cohen d=0.18).
In addition, S4E youths reported overall gains for sexual risk
prevention knowledge (pregnancy prevention, Δ score mean
0.08, SD 0.65; STI/HIV prevention, Δ score mean 0.25, SD
1.22), relative to the control group (pregnancy prevention, Δ
score mean 0.00, SD 0.41; t38.29=0.53; P=.60; Cohen d=0.15
and STI/HIV prevention, Δ score mean −0.17, SD 1.74;
t43.35=0.96; P=.34; Cohen d=0.28). Both outcomes yielded small
to medium effect sizes. In contrast to the between-group effects,
intervention effects within the S4E group (Table 3) for both
substance use prevention knowledge (tobacco use Δ score mean
0.34; t22=2.58; P=.02; Cohen d=0.49 and alcohol or drug use
Δ score mean 0.31; t22=1.91; P=.07; Cohen d=0.50) and the
sexual risk prevention knowledge-pregnancy prevention (Δ
score mean 0.08; t23=0.62; P=.54; Cohen d=0.10) and STI/HIV
prevention (Δ score mean 0.25; t23=1.00; P=.32; Cohen d=0.21)
yielded small to medium effect sizes.

Table 2. Self-efficacy and prevention knowledge by group.

Cohen d 95% CICohen’s d (S4E vs
control)

Independent t test (df)Control, Δ score,
mean (SD)

S4Ea, Δ score,
mean (SD)

Outcomes

Substance use self-efficacy

−0.47 to 0.660.100.32 (42.79)0.16 (0.55)0.22 (0.67)Alcohol refusal

−0.56 to 0.590.010.05 (44.51)0.08 (0.70)0.09 (0.68)Drug refusal

Sexual risk self-efficacy

−0.61 to 0.50−0.06−0.19 (44.06)0.13 (0.92)0.08 (0.78)Condomless sex

Substance use prevention knowledge

−0.40 to 0.760.180.64 (45.93)0.16 (0.80)0.30 (0.77)Use of tobacco prod-
ucts

−0.39 to 0.740.180.61 (41.46)0.20 (1.00)0.35 (0.65)Use of alcohol or
drugs

Sexual risk prevention knowledge

−0.41 to 0.710.150.53 (38.29)0.00 (0.41)0.08 (0.65)Pregnancy prevention

−0.28 to 0.840.280.96 (41.35)−0.17 (1.74)0.25 (1.22)STIb/HIV prevention

aS4E: Storytelling 4 Empowerment.
bSTI: sexually transmitted infection.
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Table 3. Storytelling 4 Empowerment intervention effects on self-efficacy and prevention knowledge (n=25).

Cohen d 95% CICohen dPaired t test (df)Δ score meanS4E follow-up,
mean, (SD)

S4Ea baseline,
mean (SD)

Outcomes

Substance use self-efficacy

−0.94 to 0.190.381.55 (22)0.213.78 (0.52)3.57 (0.59)Alcohol refusal

−0.68 to 0.440.120.62 (21)0.093.59 (0.67)3.50 (0.86)Drug refusal

Sexual risk self-efficacy

−0.66 to 0.460.100.53 (23)0.083.33 (0.76)3.25 (0.85)Condomless sex

Substance use prevention knowledge

−0.10 to 1.070.492.58 (22)0.343.43 (0.59)3.09 (0.79)Use of tobacco products

−0.07 to 1.070.501.91 (22)0.313.61 (0.58)3.30 (0.56)Use of alcohol or drugs

Sexual risk prevention knowledge

−0.43 to 0.690.100.62 (23)0.083.58 (0.50)3.50 (0.72)Pregnancy prevention

−0.35 to 0.770.211.00 (23)0.252.92 (1.10)2.67 (1.24)STIb/HIV prevention

aS4E: Storytelling 4 Empowerment.
bSTI: sexually transmitted infection.

Between-Group Intervention Effects on Substance Use
Behaviors
Overall, participant reports of substance use at baseline were
not significantly different (Table 1). However, the S4E group
reported a greater reduction in any substance use (ie, ATOD)
relative to the control group (3/25, 12% vs 0/25, 0%; Table 4).

Although chi-square testing (χ2
2=4.5; P=.10) suggests that these

proportion differences between groups were marginally
significant, the estimated proportion change effect size
difference between groups (Cohen h=0.71) yielded a large effect
size. We then deconstructed past 30-day substance use into past
30-day alcohol, tobacco, and other drug use to determine
between-group intervention effects on each of these outcomes.

Table 4. Past 30-day behavior outcome proportion change scores by group.

Cohen h, 95% CICohen h (S4E vs control)Δ ControlΔ S4EaOutcomes

Substance use, n (%)

0.15 to 1.270.710 (0)3 (−12)Substance use (ATODb)

0.15 to 1.270.710 (0)3 (−12)Alcohol use

−0.39 to 0.730.171 (−4)2 (−8)Tobacco use

0.72 to 1.841.282 (+8)3 (−12)Other drug use

Sexual risk behaviors, n (%)c

−0.38 to 0.740.181 (−5)2 (−10)Condomless sex

−0.12 to 1.000.440 (0)1 (− 5)Alcohol use before sex

N/AN/Ad2 (−10)2 (−10)Drug use during sex

aS4E: Storytelling 4 Empowerment.
bATOD: alcohol, tobacco, other drug use.
cSexual risk behaviors are based on responses from sexually active participants (n=42).
dNot applicable.

Alcohol Use
Overall, 84% (42/50) of participants reported lifetime alcohol
use. Relative to participants in the control group, S4E group
participants reported a greater reduction in past 30-day alcohol
use at 30-day follow-up (3/25, 12% vs. 0/25, 0%). Although

chi-square testing (χ2
2=3.9; P=.14) suggests that this proportion

change difference was not statistically significant between

groups, the estimated proportion change effect size between
groups (Cohen h=0.71) yielded a large effect size (Table 4).

Tobacco Use
Overall, 66% (33/50) of participants reported lifetime tobacco
use. Participants in the S4E group reported a greater decrease
in tobacco use, as compared with participants in the control
group at 30-day follow-up (2/25, 8% vs 1/25, 4%). Although
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chi-square testing (χ2
1=0.4; P=.50), suggests that these

proportion differences were not statistically significant, the
estimated effect size difference across groups (Cohen h=0.17)
yielded a small effect size (Table 4).

Other Drug Use
Overall, 54% (27/50) of participants reported lifetime drug use.
Participants in the S4E group reported a reduction (3/25, 12%)
in drug use at 30-day follow-up, relative to an increase in drug
use (2/25, 8%) among participants in the control group.

Although chi-square testing (χ2
2=2.9; P=.23) suggests that these

proportion differences were not statistically significant, the
estimated effect size difference across groups (Cohen h =1.28)
yielded a large effect size (Table 4).

Between- Group Intervention Effects on Sexual Risk
Behaviors

Condomless Sex
Overall, 80% (40/50) of participants reported engaging in
lifetime condomless sex. Relative to sexually active participants
in the control group (n=21), sexually active S4E group
participants (n=21) reported a greater reduction in past 30-day
condomless sex at 30-day follow-up (2/21, 10% vs 1/21, 5%).

Although chi-square testing (χ2
2=0.2; P=.91) suggests that these

proportion differences were not statistically significant, the
estimated effect size difference between groups (Cohen h=0.18)
yielded a small effect size (Table 4).

Alcohol Use Before Sex
Overall, 46% (23/50) of participants reported lifetime alcohol
use before sex. Relative to sexually active participants in the
control group (n=21) who reported no change, sexually active

S4E group (n=21) participants reported a reduction in alcohol
use before sex at 30-day follow-up (1/21, 5% vs 0/21, 0%).

Although chi-square testing (χ2
2=2.3; P=.32) suggests that these

proportion differences were not statistically significant, the
estimated effect size difference between groups (Cohen h=0.44)
yielded a medium effect size (Table 4).

Drug Use Before Sex
Overall, 15 (30%) participants reported lifetime drug use before
sex. Both the control and S4E group participants reported similar
reductions in drug use before sex at 30-day follow-up (2/21,
10% vs 2/21, 10%; Table 4).

Within-Group Intervention Effects on Substance Use
Behaviors
As shown in Table 5, of the 25 youths in the S4E group, 12%
(3/25) reported a decrease of any substance use from baseline

assessment to 30-day follow-up (χ2
1=10.9; P<.001; Cohen

h=0.24). We then separated past 30-day substance use into past
30-day alcohol, tobacco, and other drug use to determine
within-group intervention effects on each of these outcomes.
S4E intervention effects for alcohol use from baseline
assessment to 30-day follow-up showed a 12% (3/25) decrease

in alcohol use (χ2
1=3.6; P=.06; Cohen h=0.24). Similarly, 8%

(2/25) of the S4E participants reported a decrease in tobacco

use from baseline assessment to 30-day follow-up (χ2
1=14.6;

P<.001; Cohen h=0.19). In addition, 12% (3/25) of S4E youth
reported a decrease in other drug use from baseline assessment

to 30-day follow-up (χ2
1=17.0; P<.001; Cohen h=0.24).

Although chi-square significance was deemphasized, S4E
intervention effects on substance use behaviors yielded small
to medium effect sizes.

Table 5. Past 30-day Storytelling 4 Empowerment intervention effects on behaviors from baseline to follow-up (n=25).

Cohen h, 95% CICohen hΔ score, n (%)S4E follow-up, n (%)S4Ea baseline, n (%)Outcomes

Substance use behavior

−0.32 to 0.800.243 (−12)12 (48)15 (60)Substance use (ATODb)

−0.31 to 0.810.243 (−12)7 (28)10 (40)Alcohol use

−0.37 to 0.740.192 (−8)5 (20)7 (28)Tobacco use

−0.32 to 0.800.243 (−12)9 (36)12 (48)Other drug use

Sexual risk behaviorsc

−0.37 to 0.750.192 (−10)11 (52)13 (62)Condomless sex

−0.38 to 0.740.181 (−5)1 (5)2 (10)Alcohol use before sex

−0.23 to 0.890.332 (−10)1 (5)3 (14)Drug use before sex

aS4E: Storytelling 4 Empowerment.
bATOD: alcohol, tobacco, other drug use.
cSexual risk behaviors are based on responses from sexually active participants (n=21).

Within-Group Intervention Effects on Sexual Risk
Behaviors
As shown in Table 5, within-group intervention effects on S4E
sexual risk behaviors from baseline assessment to 30-day

follow-up had small to medium effect sizes that helped establish
differences. Specifically, S4E reports of condomless sex
decreased by 10% (2/21) from baseline assessment to 30-day

follow-up (χ2
1=2.9; P=.09; Cohen h =0.19). Moreover, decreases

in alcohol use before sex (1/25, 5%; χ2
1=8.97; P=.003; Cohen
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h=0.24) and drug use before sex (2/25, 10%; χ2
1=8.47; P=.004;

Cohen h =0.33) were observed.

Intervention Effects on Sexually Transmitted
Infections/HIV Testing
We sought to determine whether STI/HIV testing behaviors
varied by group over time, independently of participants’ prior
lifetime STI/HIV testing behaviors. At baseline, of the 50
youths, 42 (84%) reported having been tested for STI/HIV
during their lifetime (Table 1). Moreover, no baseline lifetime
STI/HIV testing differences were found by group. Relative to
the control group, participants in the S4E group reported an
overall higher uptake of STI/HIV testing across the trial (11/25,

44% vs 13/25, 52%). Although chi-square testing (χ2
1=0.3;

P=.57) suggests these differences were not statistically
significant, the estimated effect size (Cohen h=0.16, 95% CI
−0.39 to 0.72) yielded a small value.

Discussion

Principal Findings
The findings suggest the feasibility of a small-scale pilot RCT
and demonstrated hypothesized shifts in reducing substance
use, condomless sex, and alcohol use before sex, as well as
improving uptake of STI/HIV testing among a diverse sample
of youth. The estimated proportion change effect sizes of our
behavioral outcomes (ie, substance use, sexual risk behaviors,
STI/HIV testing) and potential mechanisms of change (ie,
clinician-youth communication, prevention knowledge,
self-efficacy) between the S4E and enhanced usual practice
control groups yielded small to large effect sizes. Drawing on
previous literature, the findings provide evidence for the promise
of S4E in preventing and reducing substance use and sexual
risk behaviors [23,27]. Reducing substance use and sexual risk
behaviors and improving uptake of STI/HIV testing have been
identified as key strategies to improve the health of young
people in the United States [10,15,16]. Pilot testing S4E
advances the scientific knowledge on mHealth preventive
interventions and has important public health implications.

We demonstrated the feasibility of measuring intermediate
outcomes. The potential mechanisms underlying the
hypothesized shifts in substance use, sexual risk behaviors, and
STI/HIV testing among youth in the S4E group may be partially
explained by improvements in clinician-youth risk
communication, substance use refusal self-efficacy, and
prevention knowledge. Specifically, relative to youth in the
control group, S4E participants demonstrated higher levels of
clinician-youth communication immediately postintervention,
as well as higher levels of substance use refusal self-efficacy
and prevention knowledge at 30-day follow-up. The present
design precludes us from formal mediation testing. However,
these findings build on previous research indicating that
clinician-youth communication, self-efficacy, and STI/HIV
prevention knowledge may be pathways through which S4E
has an effect on substance use, sexual risk behaviors, and
STI/HIV testing [39]. Future research should include at least 3
time points to allow for formal mediation analysis [52],
especially because few pathways by which mHealth preventive

interventions affect behavioral outcomes have been identified
[53].

We demonstrated the ability to measure outcomes targeted by
S4E. Evaluation of the S4E intervention suggests reductions in
overall licit and illicit substance use behaviors among youth.
When we separated substance use behaviors, S4E helped
decrease the proportion of youths who engaged in alcohol,
tobacco, or other drug use at 30-day follow-up. These findings
have important public health implications because reducing
substance use behaviors among the youth aligns with the
nation’s prevention goals and strategies to ameliorate substance
use–related morbidity and mortality [15]. Furthermore, our
findings are similar to those of other researcher’s pilot testing
preventive interventions and lend support to the promise that
mHealth strategies have in preventing and reducing youth risk
behaviors [24-26].

The findings that S4E demonstrated hypothesized shifts in
reducing condomless sex and alcohol use before sex have
important public health implications because these risk behaviors
are widespread among youth [11]. Therefore, the findings that
S4E participants show reductions in the proportion of youth
who engage in condomless sex or alcohol use before sex have
important public health implications, as these risk behaviors
are linked to increased vulnerability to STIs, HIV, and
unplanned pregnancy—outcomes that disproportionately affect
the youth [54]. Contrary to what we hypothesized, we did not
find a between-group effect on drug use before sex; however,
the findings suggest a statistically significant within-group
change among S4E group participants. It may be that the 30-day
follow-up time period is not sufficient in duration to capture
the long-term effects of S4E relative to the control group on
drug use before sex. Therefore, future research should examine
the effects of S4E on drug use before sex over a longer period.
Importantly, findings also suggest that S4E demonstrated shifts
in improving uptake of STI/HIV testing among youth. This is
especially important in the realm of public health, as improving
STI and HIV testing uptake among youth is a key strategy to
reducing the burden of STI and HIV infection among this
vulnerable population [16,54,55]. Taken together, our
small-scale pilot RCT suggests the feasibility of S4E, including
determining intermediate outcomes, ability to measure
behavioral outcomes, as well as demonstrated hypothesized
shifts in reducing substance use, sexual risk behaviors, and
STI/HIV testing among youth over 30 days, which aligns with
other research pilot testing technology-based interventions on
these behaviors [23-28]. It is also important to note that some
researchers have found that technology-based interventions
have a moderate health impact on exercise over 6 weeks [56].
Thus, in general, an important future research direction is to
examine both the short and long-term effects of mHealth
preventive interventions. In addition, this study focused on a
sample of youths seeking care in a youth-centered community
health clinic. Youths who are currently not in care may be more
vulnerable to substance use and sexual risk behaviors, and future
research could target this population.

Our findings have important future research implications and
suggest that examining the efficacy of S4E in a larger RCT may
be warranted. Implementation science designs might offer other
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alternatives to the traditional RCT, including stepped-wedge
design and type 1 hybrid studies, which may increase the
practicality of exploring intervention effects within real-life
contexts [57,58]. Furthermore, given the multilevel approach
of S4E, a sequential multiple assignment randomized trial
(SMART) may lead to an optimally efficacious preventive
strategy through the optimization of dose based on response (or
lack thereof) to the intervention [59-62]. SMART is an
innovative design that provides evidence for individualized
decision making through adaptive interventions for the
prevention of substance use and sexual risk behaviors [59,60].
In addition, our findings have important clinical implications.
Our previous research establishing high feasibility and
acceptability of S4E among both clinicians and youth [30,39]
in conjunction with the findings of this pilot RCT endorses the
implementation of strategies that support the youth-focused
clinical health care workforce, especially if we are to achieve
the nation’s public health goals laid out by initiatives such as
the Substance Abuse and Mental Health Services Administration
Strategic Plan for years 2019-2023 [63], National Prevention
Strategy for increasing HIV/STI testing [64], ending the HIV
Epidemic in the United States by 2030 [65], and teen pregnancy
objectives in healthy people by 2020 [66].

Study Limitations
Several limitations are worth noting. First, the sample in this
study is not representative of the clinic population, limiting the
generalizability of our findings. However, we demonstrated
hypothesized shifts in prominent substance use, sexual risk
behaviors, and STI/HIV testing in S4E youth, the majority of
whom identified as racial and ethnic minorities. Second, the
reliance on self-reported risk behavior outcomes is a limitation.
Future research should consider access to medical charts as part
of the study design. Third, our control group received a printed

version of the S4E tobacco module content. Future research
should use an attention- and time-matched control group design
[67,68]. That is, an mHealth app focused on youth risk behaviors
with similar intended dosage as S4E may be used in a future
RCT to examine the differential effects of mHealth apps.
Another limitation is that of the 211 potential participants
eligible to participate in the trail; we could only reach 91 youth
(43.1%). Of these, we successfully enrolled 50 youth (54.9%);
however, these enrollment rates are similar to other research
focused on mHealth preventive interventions with vulnerable
populations [26]. The sample size of 50 is a study limitation;
however, the sample size is akin to other research focused on
pilot testing mHealth preventive interventions [24,26]. Finally,
clinicians were not randomly assigned and provided usual
practice to participants in both the experimental and control
groups. Thus, there is potential for contamination between
groups; however, contamination is highly unlikely given that
the 2 groups are vastly different. Importantly, any potential bias
would bias the findings toward the null, because clinicians could
deliver S4E prevention strategies to youth in the control group.

Conclusions
In summary, this study’s findings suggest the feasibility of a
small-scale pilot RCT. S4E may have the potential as an
mHealth strategy to reduce substance use and sexual risk–related
outcomes such as STIs, HIV, and unplanned pregnancy among
youth. In addition, the findings suggest that S4E demonstrated
hypothesized shifts in improving uptake of STI/HIV testing,
which is important for reducing the transmission and acquisition
of STIs and HIV infection among youth. These findings advance
scientific knowledge on mHealth preventive interventions and
contribute toward improving public health through the
identification of potential technology-based, youth substance
use, and sexual risk behavior solutions.
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Abstract

Background: High positive mental health, including the ability to cope with the normal stresses of life, work productively, and
be able to contribute to one’s community, has been associated with various health outcomes. The role of positive mental health
is therefore increasingly recognized in national mental health promotion programs and policies. Mobile health (mHealth)
interventions could be a cost-effective way to disseminate positive psychological interventions to the general population.

Objective: The aim of this study was to estimate the effect of a fully automated mHealth intervention on positive mental health,
and anxiety and depression symptomology among Swedish university students using a randomized controlled trial design.

Methods: A 2-arm, single-blind (researchers), parallel-groups randomized controlled trial with an mHealth positive psychology
program intervention group and a relevant online mental health information control group was employed to estimate the effect
of the novel intervention. Participants were recruited using digital advertising through student health care centers in Sweden.
Inclusion criteria were (1) university students, (2) able to read and understand Swedish, (3) and have access to a mobile phone.
Exclusion criteria were high positive mental health, as assessed by the Mental Health Continuum Short Form (MHC-SF), or high
depression and anxiety symptomology, as assessed by the Hospital Anxiety Depression Scale (HADS). The primary outcome
was positive mental health (MHC-SF), and the secondary outcomes were depression and anxiety symptomatology (HADS). The
subscales of MHC-SF were also analyzed as exploratory outcomes. Outcomes were measured 3 months after randomization
through questionnaires completed on the participants’ mobile phones.

Results: A total of 654 participants (median age 25 years), including 510 (78.0%) identifying as female, were randomized to
either the intervention (n=348) or control group (n=306). At follow-up, positive mental health was significantly higher in the
intervention group compared with the control group (incidence rate ratio [IRR]=1.067, 95% CI 1.024-1.112, P=.002). For both
depression and anxiety symptomatology, the intervention group showed significantly lower scores at follow-up compared with
the control group (depression: IRR=0.820, 95% CI 0.714-0.942, P=.005; anxiety: IRR=0.899, 95% CI 0.840-0.962, P=.002).
Follow-up rates were lower than expected (58.3% for primary outcomes and 52.3% for secondary outcomes); however, attrition
analyses did not identify any systematic attrition with respect to baseline variables.

Conclusions: The mHealth intervention was estimated to be superior to usual care in increasing positive mental health among
university students. A protective effect of the intervention was also found on depressive and anxiety symptoms. These findings
demonstrate the feasibility of using an automated mobile phone format to enhance positive mental health, which offers promise
for the use of mHealth solutions in public mental health promotion.

Trial Registration: International Standard Randomized Controlled Trial Registry ISRCTN54748632;
http://www.isrctn.com/ISRCTN54748632

(JMIR Mhealth Uhealth 2020;8(3):e17208)   doi:10.2196/17208
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Introduction

Background
A substantial body of research has shown a link between high
positive mental health and decreased risk of disease [1-5],
decreased risk of mental illness [6-9], and increased longevity
[3,10]. The promotion of positive mental health among the
general population has recently been stressed as the most
important goal for the public mental health agenda in Europe
[11]. This stems from longitudinal research suggesting a
protective effect of positive mental health on mental health
problems [9,12].

“Positive mental health” has been defined to encompass feelings
of happiness and satisfaction with life (emotional well-being),
positive individual functioning regarding self-realization
(psychological well-being), and positive societal functioning
(social well-being). Furthermore, the two-continua model holds
that mental illness and mental health are related but distinct
dimensions [13]. The working theory of positive psychology
interventions (PPIs) is that elevated positive emotions, thoughts,
and behaviors will lead to increased positive mental health
[14,15]. PPIs strive to increase the frequency of positive
emotions, thoughts, and behaviors through exercises. For
instance, to increase positive thinking of gratitude, individuals
are asked “to think about three things that you are grateful for
today” [5,15]. Although there is evidence to support the
efficiency of PPIs on positive mental health for both healthy
and clinical populations, more research is needed.

Two meta-analyses of PPIs reported relatively small effect sizes
[5,15], which may be due to the composition of the included
interventions. Most studies included in the meta-analyses
examined the effect of individual exercises targeting only one
aspect of positive mental health (eg, using a gratitude journal
to increase positive thinking). However, as positive mental
health is a multilayered construct [13], a multicomponent
intervention taking into account emotional, social, and
psychological well-being may be more effective. A systematic
review and meta-analysis on multicomponent PPIs found
supporting evidence in terms of positive mental health and
depression, and potentially anxiety and stress. However, the
authors concluded that larger and more rigorous studies are
needed to move the research field forward, for instance through
sufficiently powered trials with transparent methodological
reporting [16]. In addition, a limited number of studies included
in the aforementioned reviews were delivered through mobile
health (mHealth) interventions, an otherwise fast-growing
practice and research field.

mHealth interventions could potentially be a cost-effective
means to disseminate PPIs to a large population [17,18]. There
are now countless mobile apps commercially available that
target positive mental health among the general population;
however, the majority of these apps lack experimental evidence,
are not theory-based, and have not been scientifically evaluated
[19]. A review on the effect of digital interventions (eg, mobile
apps) on mental health showed a small to medium effect,
suggesting that mental health problems decreased while positive
mental health increased among those with access to the

interventions. However, the overall quality of the body of
evidence in the review was low due to several concerns
regarding risk of bias [20]. Another review summarized the
evidence for theory-driven and evidence-based mental health
eResources (eg, website or mobile apps) and only found one
randomized controlled trial, suggesting a lack of valid evidence.
The authors concluded that eResources for mental health have
the potential to be widely effective, but that more rigorous
studies are needed to clarify the benefits [21].

Objectives
The aim of this study was to estimate the effect of a fully
automated mHealth intervention on positive mental health and
anxiety and depression symptomology among Swedish
university students using a randomized controlled trial design.

The primary hypothesis was that positive mental health will
differ among groups at 3 months postrandomization, with those
having access to the novel mHealth intervention reporting higher
scores on the Mental Health Continuum Short Form (MHC-SF).
The secondary hypotheses were: (1) depression and anxiety
symptomology will differ among groups at 3 months
postrandomization, with those having access to the novel
mHealth intervention reporting lower scores on the subscales
of the Hospital Anxiety Depression Scale (HADS); and (2)
emotional, social, and psychological well-being will differ
among groups at 3 months postrandomization, with those having
access to the novel mHealth intervention reporting higher scores
on the subscales of the MHC-SF.

Methods

Trial Design
This trial was prospectively registered with the International
Standard Randomized Controlled Trial Registry
(ISRCTN54748632) and a trial protocol was made available
prior to trial commencement [22]. The study received ethical
approval from the Regional Ethical Review Board of Linköping
University, Sweden (Dnr. 2018/519-32).

A 2-arm, single-blind (researchers), parallel-groups randomized
controlled trial (1:1) was employed to estimate the effect of the
novel mHealth intervention. Participants were allocated to either
an intervention group (mHealth program) or control group
(treatment as usual). Prior to trial commencement, but after trial
registration and publication of the protocol, it was decided to
remove age restrictions in the eligibility criteria. This was done
so that participants would more accurately represent all Swedish
university students and not only young adults.

Participants
Inclusion criteria were (1) university students, (2) able to read
and understand Swedish, (3) and have access to a mobile phone.
The exclusion criterion was high positive mental health defined
as a score of 70 or more on the MHC-SF [23]. As the
intervention was not designed to treat mental health problems,
a second exclusion criterion was depression and anxiety
symptomatology defined as a score of greater than or equal to
10 on both subscales of the HADS [24]. Individuals excluded
due to a high HADS score were encouraged to seek help and
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were provided information on where to receive support (contact
information of their local student health center, primary care
center, or governmental national health website).

Recruitment of students was carried out at 15 universities in
Sweden, which lasted between October 8, 2018 and April 30,
2019. Recruitment was achieved through digital advertising,
including email, university websites, student health care center
websites, and learning management systems used by the
universities. The advertisement included information on the
study aims, confidentiality, and trial design. Students indicated
their interest in taking part in the trial by texting a dedicated
telephone number included in the advertisement material. The
students then received a text message response with a link to
the informed consent form and completed an online baseline
questionnaire on their mobile phones. Eligibility was determined
from responses to the baseline questionnaire, and eligible
participants were automatically randomized to either the
intervention or control group. Participants were given
information on which group they had been allocated to.

Intervention
The intervention was a fully automated mHealth positive
psychology multicomponent program. The program was based
on theories and empirical evidence from the positive psychology
research field [13,25] and aimed to enhance users’ positive
mental health. The program encompassed information about
well-being, validated self-help exercises, brief tips,
self-monitoring, and personalized feedback. Text messages were
sent to users throughout the program, with an average of one
text message per day, and included text and links to interactive
exercises and further reading. The program ran for 10 weeks,
with a new theme introduced each week. The themes used have
been shown to be important for positive mental health, and
included gratitude, savoring, positive emotions, personal
strengths, positive relations, social environment, health
behaviors, optimism, and goal setting. In the final week, users
were recommended to reflect on the program, for instance by
writing down any lessons learnt. Details of the intervention can
be found elsewhere (Multimedia Appendix 1) [22].

Participants allocated to the control group were informed of
their allocation status via a text message. The text message

included contact details to their local student health center,
primary care center, and governmental national health website.
At the time of the trial, this was considered treatment as usual.

Outcomes
As the primary outcome, positive mental health was measured
using the 14-item MHC-SF [23], in which higher scores indicate
greater emotional, social, and psychological well-being (range
0-84). Secondary outcomes included depression and anxiety
symptomatology, measured as the score on corresponding
subscales of the HADS [24]. Each subscale consists of 7 items
for a total of 14 items. Item scores are calculated into a total
scale score for anxiety (range 0-21) and depression (range 0-21),
with higher scores indicating higher depression and anxiety.
We further measured emotional, social, and psychological
well-being as exploratory outcomes based on the mean score
of each subscale of the MHC-SF.

A SPIRIT [26] checklist depicting study procedures and
measurements is presented in Table 1. At baseline, the
participants’ age, gender, and social status were recorded, along
with primary, secondary, and exploratory outcomes. Two
face-valid mediator items, aimed at measuring the frequency
of positive thoughts and emotions, were also determined at
baseline according to responses to the following questions:
‘‘During the last week, to what extent have you experienced
positive thoughts?” and “During the last week, to what extent
have you experienced positive emotions?” Participants were
asked to rate their response on a scale ranging from 1 (‘‘not at
all’’) to 10 (‘‘to a very high extent’’).

Five weeks after randomization, participants were sent a text
message with a link to the two mediator items. Three months
after randomization, participants were sent a text message with
a link to the follow-up questionnaire. The follow-up
questionnaire explored primary, secondary, and exploratory
outcomes (MHC-SF and HADS).

Participants that did not respond to the initial follow-up attempt
were sent up to 4 reminders 2 days apart. Those who had still
not responded were called by telephone (maximum 3 call
attempts).
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Table 1. SPIRIT checklist depicting study procedures, measurements, and timeline.

Study Period

Follow-upPost-allocationAllocationEnrollment

3 monthsWeek 10Week 50

Enrollment

XEligibility screen

XInformed consent

Interventions

XXXText message intervention

XXXReferred to sources of mental health information

Assessments

XBaseline demographics

XXMHC-SFa

XXXMediators

XXHADSb

aMHC-SF: Mental Health Continuum Short Form.
bHADS: Hospital Anxiety Depression Scale.

Sample Size
A power analysis was conducted to determine the necessary
number of participants to recruit for the study. To detect a
standardized effect size of 0.3, the average score in the
intervention group should exceed scores of 62% of the control
group; hence, a total of 352 participants was expected to be
required. The calculations were performed assuming an 80%
chance of detecting a difference at a significance level of
alpha=.05 (two-tailed). Assuming that 70% of the participants
would respond to the follow-up questionnaire, it was deemed
necessary to recruit a total of 503 participants.

Randomization and Blinding
After completing the online baseline questionnaire, participants
were randomly allocated a number 0 or 1 with equal probability
using Java’s built-in random number generator (java.util.
Random). Participants with a 0 were allocated to the control
group, and participants with a 1 were allocated to the
intervention group. Generation of the randomization sequence
was therefore fully computerized, and allocation was concealed
from participants and research team members.

Statistical Analysis
All analyses conformed to the prespecified statistical analysis
plan in the trial protocol [22]. For Hypothesis 1, the primary
outcome (score of the MHC-SF) was analyzed. This score
represents a discrete measure that may be skewed; thus, we
regressed this outcome on group allocation and baseline
variables using negative binomial regression. Hypothesis 2 was
investigated by analyzing secondary outcome measures
(subscales of the HADS). This score is also a discrete measure
that may be skewed, and was regressed against group allocation
and baseline variables using negative binomial regression.
Hypothesis 3 was investigated by analyzing the subscales of
the MHC-SF: emotional well-being, social well-being, and

psychological well-being. These are mean scores from Likert
scale items, which should tend toward normality owing to the
law of large numbers. Therefore, we regressed the individual
scores against group allocation and baseline variables using
normal linear regression.

Analytical Approaches
Analyses were performed under the intention-to-treat principle,
including all randomized individuals, and no imputations were
made for missing values. Missing outcome data were initially
handled by a complete-case analysis, which assumed that data
were missing completely at random (MCAR). If data are
systematically missing, this may indicate that early responders
differ from late responders, and in extension that late responders
are more similar to nonresponders. We therefore explored the
plausibility of the MCAR assumption by regressing the primary
outcomes on the number of follow-up attempts needed before
a response was recorded. To further explore the MCAR
assumption, attrition was investigated among study groups by
comparing baseline characteristics between those who did and
did not respond to the follow-up questionnaire.

Both adjusted and unadjusted models were designed when
investigating all hypotheses; however, it was decided a priori
to primarily use adjusted models [22]. For all models, the
coefficients of interest were assessed for statistical significance
using a null hypothesis testing approach, where all tests were
two-tailed at a significance level of alpha=.05.

Effect modification tests were performed to assess if any of the
baseline characteristics moderated the effect of the intervention.
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Results

Recruitment
Figure 1 depicts a CONSORT diagram of the trial participant
flow. A total of 654 participants were randomized: 348 (53.2%)
to the intervention group and 306 (46.8%) to the control group.
In the intervention group, 340 (79.2%) participants received all

messages, and the remaining 44 individuals decided to stop the
intervention before completion. All participants were contacted
at follow-up regardless of adherence to the intervention. A total
of 381 (58.3%) participants were included in the analysis of the
primary outcomes, and 342 (52.3%) were included in the
analysis of secondary outcomes. No participants explicitly
requested to be removed from the trial.

Figure 1. CONSORT diagram of trial participant flow. HADS: Hospital Anxiety Depression Scale; MHC-SF: Mental Health Continuum Short Form.

Baseline Data
Table 2 summarizes the baseline characteristics of the recruited
participants. There were no statistically significantly differences

between the intervention and control groups with respect to any
of the measured baseline characteristics. Notably, the great
majority of participants identified as female.
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Table 2. Baseline characteristics for both study groups.

P valueControl (n=306)Intervention (n=348)Variable

.42aGender, n (%)

233 (76.1)277 (79.6)Female

69 (22.5)69 (19.8)Male

4 (1.3)2 (0.6)Other

.28c26 (22-30)25 (22-29)Age (years), median (IQRb)

.73aMarital status, n (%)

149 (48.7)170 (48.9)No partner; no children at home

6 (2.0)7 (2.0)No partner; children at home

72 (23.5)95 (27.3)Partner; no children at home

47 (15.4)46 (13.2)Partner; children at home

32 (10.5)30 (8.6)Partner but not living together

.43c6 (4-7)6 (4-7)Positive thoughts, median (IQR)

.80c5 (4-7)5 (4-7)Positive emotions, median (IQR)

.58c12 (10-14)12 (10-15)Anxietyd, median (IQR)

.93c6 (4-8)6 (4-8)Depressione, median (IQR)

.14c50 (40.25-57)47.5 (40-55)Total well-beinge, median (IQR)

.78g3.77 (0.92)3.79 (0.89)Emotional well-beingf, mean (SD)

.07g3.06 (0.89)2.93 (0.92)Social well-beingf, mean (SD)

.24g3.67 (0.87)3.59 (0.91)Psychological well-beingf, mean (SD)

aFisher exact test.
bIQR: interquartile range.
cMann-Whitney U test.
dHospital Anxiety Depression Scale.
eMental Health Continuum Short Form.
fSubscales of the Mental Health Continuum Short Form calculated as means of responses to each respective subset of questions.
gStudent t test.

Outcomes
At 3 months after randomization, primary outcome data were
collected from 213 (61.2%) participants in the intervention
group and 168 (54.9%) participants in the control group.
Secondary outcome data were collected from 192 (55.2%)
participants in the intervention group and from 150 (49.0%)
participants in the control group. These data were used to
investigate the trial hypotheses according to the statistical
analysis plan. The results are summarized in Table 3.

At the 3-month follow-up, positive mental health measured by
the MHC-SF was significantly higher in the intervention group
compared with that of the control group, which supported
Hypothesis 1. Cronbach alpha was .91 including all items of

MHC-SF, indicating high reliability of the measure. In addition,
the scores of depression and anxiety symptoms (subscales of
HADS) were both significantly lower in the intervention group
compared with those of the control group, supporting Hypothesis
2. Cronbach alpha for the items included in the anxiety subscale
was .81, and was .83 for the items included in the depression
subscale, indicating high reliability of both measures. The
subscales of the MHC-SF were all significantly higher in the
intervention group compared with those of the control group.
Emotional well-being, social well-being, and psychological
well-being scores were all in the anticipated direction supporting
Hypothesis 3. Cronbach alpha indicated high reliability for all
three subscales at .83, .79, and .85 for emotional, social, and
psychological well-being, respectively.
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Table 3. Summary of trial hypotheses analyses at the 3-month follow-up assessment.

Adjusted modelbUnadjusted modelDifferenceaFollow-upOutcome

P valueRegression coeffi-
cient (95% CI)

P valueRegression coeffi-

cientc (95% CI)

Primary outcome

Total well-being, median (IQRd)

.0021.067 (1.024-1.112).171.035 (0.985-1.087)7 (1 to 13)56 (47 to 65)Intervention (n=213)

3 (–4 to 10.25)56 (42 to 64.25)Control (n=168)

Secondary outcomes

Depression, median (IQR)

.0050.820 (0.714-0.942).010.817 (0.699-0.954)–2 (–4 to 0)4 (2 to 6)Intervention (n=192)

–1 (–3 to –1)4 (2 to 8)Control (n=150)

Anxiety, median (IQR)

.0020.899 (0.840-0.962).060.926 (0.854-1.004)–2 (–4.25 to 0)9 (7 to 12)Intervention (n=192)

–1 (–3 to –1)10 (8 to 13)Control (n=150)

Exploratory outcomes

Emotional well-being, mean (SD)

.0070.222 (0.062-0.383).110.152 (–0.037-0.341)0.45 (0.86)4.23 (0.88)Intervention (n=213)

0.20 (0.93)4.08 (0.99)Control (n=168)

Social well-being, mean (SD)

.030.203 (0.021-0.385).460.082 (–0.136-0.300)0.51 (0.89)3.47 (1.03)Intervention (n=213)

0.25 (0.98)3.39 (1.13)Control (n=168)

Psychological well-being, mean (SD)

.0030.272 (0.093-0.451).110.166 (–0.040-0.372)0.60 (0.90)4.20 (0.99)Intervention (n=213)

0.28 (0.99)4.04 (1.05)Control (n=168)

aDifference between follow-up measurement and baseline measurement.
bAdjusted for outcome measure, gender, age, marital status, and mediators.
cIncidence rate ratio for group by negative binomial regression for total well-being, depression, and anxiety; linear coefficient for emotional well-being,
social well-being, and psychological well-being.
dIQR: interquartile range.

Sensitivity Analyses
Sensitivity analyses were carried out for the primary and
secondary hypotheses in which the missing outcomes were set
to baseline values. No large differences in direction or statistical
significance were found for the three analyses (total well-being
incidence rate ratio [IRR]=1.052, 95% CI 1.024-1.08, P<.001;
depression IRR=0.878, 95% CI 0.817-0.943, P<.001; anxiety
IRR=0.936, 95% CI 0.894-0.981, P=.006).

Effect Modification Analyses
Effect modification models were explored for the primary
outcome. All variables measured at baseline were considered

in separate models, and were compared with the noninteraction
model using likelihood ratio tests. There was weak evidence
for an interaction effect with respect to age (P=.03) and marital
status (P=.03).

Exploring the interaction with marital status through a box plot
(Figure 2) revealed that it was the marital status category “No
partner; children at home” that was driving the modification
effect. Among the participants analyzed, only 5 responded with
this option, and removing them from the analysis removed the
interaction effect for both marital status and age. Overall, any
interaction between group allocation, age, and marital status
was not considered to be strongly supported by the data.
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Figure 2. Interaction between group allocation and marital status.

Attrition Analyses
We used two approaches to explore the MCAR assumption: (1)
response/nonresponse at follow-up was regressed against
baseline characteristics, and (2) primary outcome was regressed
against the number of attempts required to reach the respondent
to collect follow-up data. The second approach assumes that
nonresponders are actually late responders; thus, if there is an
association between follow-up attempts with primary outcome,
then nonresponders may be systematically different from
responders. However, there was no significant association
between number of follow-up attempts and response, suggesting

that there was no systematic difference between early and late
responders.

When regressing response/nonresponse against baseline
characteristics, we found that age was potentially associated
with response, as the odds ratio was 1.03 (95% CI 1.008-1.053,
P=.008), suggesting that older participants were more likely to
respond to follow-up. Locally weighted scatterplot smoothing
confirmed this association (Figure 3), which was mainly driven
by participants aged 40 or more, 40/54 (74.1%) of whom
responded to follow-up, compared to 338/597 (56.6%) among
those under 40 years of age. No such association between age
and response was observed among participants under 40 years
old (Figure 4).
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Figure 3. Locally weighted scatterplot smoothing: age against proportion of participants responding to follow-up for all participants.

Figure 4. Locally weighted scatterplot smoothing: age against proportion of participants responding to follow-up, including only participants aged less
than 40 years at baseline.

Discussion

Principal Findings
We examined whether a fully automated mHealth intervention
was effective in increasing positive mental health among
university students. The results suggested that the intervention
may be superior to usual care in increasing positive mental
health for this group (MHC-SF: IRR 1.067, 95% CI 1.024-1.112,
P=.002). In addition, the results indicated a protective effect of
the intervention on depressive and anxiety symptoms.

In general, our findings confirm previous research on the effect
of PPIs on mental health. Reviews investigating PPIs delivered
via face-to-face and self-help (not mHealth) modalities have
shown an increase in positive mental health and enabled
individuals to manage mental health problems (eg, based on
decreased anxiety and worry scores) [5,15]. Interestingly, studies
using digital-based interventions (eg, DVD, VCR, or

Web-based) showed a comparable effect on mental health,
supporting the viability of digital interventions in this area
[27,28]. For example, a recent study found that an intervention
encompassing self-help book and email support successfully
increased positive mental health and decreased depression
among adults [29]. Our findings add to this growing body of
evidence, and further demonstrate the effect and feasibility of
delivering PPIs in a fully automated mobile phone format.

Furthermore, our findings show that a relatively inclusive
program (10 weeks including 9 positive psychology themes)
was acceptable for participants to engage with, as a strong
majority of participants completed the program. Research on
multicomponent PPIs has shown that these integral programs
influence positive mental health and depression, and potentially
anxiety and stress [16]. Our study adds to this body of research
showing that a quite comprehensive program (including several
activities that targeted several well-being components) was
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feasible and acceptable among the target group and was
effectively delivered via mobile phones.

Several factors that can moderate the effect of PPIs have been
proposed, including the duration of an intervention, baseline
affect states of participants (eg, healthy vs subclinical
populations), and recruitment methods (self-referral vs referred
by a health care practitioner). An early review on PPIs delivered
in group or self-administered contexts indicated that the optimal
duration of PPIs was about 8 weeks [15]. Our findings provide
support for the acceptability and feasibility of longer-duration
PPIs. In future research, it would be interesting to investigate
further dose-response and person-activity fit aspects of PPIs;
that is, the effect of the variety, frequency, and tailoring of
activities on mental health outcomes. PPIs tend to be more
effective among subclinical populations (eg, moderate anxiety
and depressiveness). Along similar lines, although our
intervention was developed as a preventative measure targeting
the healthy population, the findings indicate a protective effect
on anxiety and depressive symptomatology for this group.
Furthermore, there is controversy in the literature as to whether
PPIs are more effective among self-referral groups or when they
are disseminated through health care referral routes; however,
self-referral seems to be more effective when considering only
healthy populations [4,15]. From a public health perspective,
recruitment via self-referral to self-help PPIs can offer
cost-effective mental health promotion tools to reach large target
groups.

Finally, the participants in our study were mostly women.
Although our analyses did not indicate bias regarding gender,
the generalizability of the findings could be limited. Previous
research investigating PPIs that have used similar recruitment
methods (self-selected) reported similar rates (about 85%
women) [29]. This could indicate a greater interest and
willingness among women to take part in well-being studies.
However, as positive mental health does not necessarily differ
between men and women, future studies could benefit from
identifying recruitment strategies that can reach men to a greater
extent.

Limitations
The trial design does not allow us to isolate specific themes of
the program to estimate their individual effects. That is, we
cannot identify if a specific theme and its accompanying
exercises (eg, practicing gratitude) increased positive mental
health to a greater extent than other themes. However, the
literature suggests that single-component interventions have
smaller effect sizes compared to multicomponent interventions
[5,29], indicating that it would be more effective to invest in
the latter to increase well-being among the general population.
Future studies with alternative designs are needed to investigate
how different components of the program, or combination of
components, contribute to mental health outcomes.

A prominent limitation of this trial is the risk of attrition bias
due to low follow-up rates. Despite the lack of strong evidence
against MCAR, the assumption cannot be formally tested, and
therefore the presented results should be interpreted under this
limitation. We designed the trial under the assumption of
achieving similar follow-up rates as in previous trials on the

same target group (reaching as high as 90% of students [30,31]);
however, we could not achieve the same retention rate in this
trial. One factor causing this increased attrition was the design
of the MHC-SF, which is hard to complete over the telephone
given that it is relatively long and difficult to communicate
verbally. Although the use of validated instruments such as
MCH-SF and HADS is a strength of this trial, future research
on PPIs targeting university students should consider other item
sets for measuring outcomes to increase retention.

We did not include an active control in this trial, mainly with
a view to estimate the total effect of the intervention compared
to minimal contact, but also since there are no other available
effective interventions that could be offered at this scale and
through digital means. There are limitations to this approach,
as it makes blinding difficult and may therefore result in
performance bias. To reduce the risk of performance bias, we
ensured that all participants were treated equally by automating
all processes and not having any interaction between the research
personnel and participants. However, one factor increasing the
risk of detection bias stems from the use of telephone follow-up
for nonresponders, as participants may have revealed to the
interviewer which group they belonged to. We decided to go
ahead with telephone follow-ups as the benefit in terms of
reduced attrition bias was believed to outweigh the risk of
detection bias, and interviewers were instructed to avoid
discussions about group allocation.

Participants in this trial were recruited naturally through passive
advertisement in printed and digital media provided by the
student health care centers. This closely mimics the way that
individuals would come in contact with the intervention had it
been disseminated outside the trial setting. Thus, the participants
recruited are comparable to participants who would use the
intervention in a real-world setting. The results herein can be
considered generalizable to a wider context of university
students; however, the limitations discussed above should be
taken into consideration before any decision for dissemination
is made.

Conclusions
An mHealth intervention based on theories and empirical
evidence from the positive psychology research field [16,25]
was estimated to have a superior effect on positive mental health
compared to usual care (MHC-SF: IRR 1.067, 95% CI
1.024-1.112, P=.002). In addition, a protective effect of the
intervention was found on depressive and anxiety symptoms.
These findings demonstrate the feasibility of using an automated
mobile phone format to enhance positive mental health.

Disseminating mHealth PPIs could have significant public health
benefits. It has been estimated that even small improvements
in positive mental health in the general population could yield
large preventive effects on psychopathology [32]. Previous
studies have shown that targeting PPIs among people with low
to moderate well-being not only increases positive mental health
but can also prevent future anxiety and depression [7,8]. Our
findings support the notion that mHealth solutions can be used
in public mental health promotion.
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Future research should focus on estimating the effect of PPI
mHealth interventions among other societal groups, including
studies with the elderly, minorities, and general population.
Dismantling of the content of the mHealth intervention to
identify which combinations of themes show the greatest effect

can guide future developments of PPIs, such that even more
effective interventions may be developed. Finally, creating
strategies to implement and disseminate PPI mHealth
interventions to a general audience will also be necessary to
maximize the societal benefit of these interventions.
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Abstract

Background: Youth in developed countries face the contradictory health problems of obesity and an excessive desire for weight
loss. Developing a better health attitude for college students is essential as this period of life establishes future lifestyle and habits.
Online interaction on social media can help to improve eating habits by creating dietary diaries through a smartphone app;
however, the effects of such interactions for college students have not been examined to date.

Objective: The aim of this study was to evaluate the potential effectiveness of social media interactions with the use of dietary
diaries on a smartphone app to motivate college students in raising self-awareness of their eating habits.

Methods: Forty-two college students in the greater Tokyo area of Japan participated in the study by creating dietary diaries
online through a smartphone app and then followed/interacted with each other using social media for 7 consecutive days in
September to November 2017. Online surveys were administered at baseline, immediately after creating the dietary diaries, and
at 1-month follow up. Participants rated their degree of interest and self-evaluation of eating habits using 7-point scales, and
answered multiple choice questions related to their thoughts in choosing meals/drinks among 10 topics. Free descriptions about
their overall experience throughout the project were also collected in the follow-up survey.

Results: Data from 38 participants who completed all processes were analyzed. Over time, the mean score for degree of interest
in eating habits increased from 4.6 to 6.2 (P<.001), while the self-evaluation score decreased from 4.5 to 3.6 (P<.001); these
significant differences remained after 1 month (5.3, P=.002; 4.1, P=0.04, respectively). A weak negative correlation (P=.009)
was observed between scores for degree of interest and self-evaluation. Participants with lower scores for degree of interest at
baseline tended to increase their interest level by more than 2 points above the average (P<.001). Participants gradually thought
more about their eating habits from various perspectives when choosing a meal/drink, particularly with respect to maintaining
well-balanced diets and introducing diverse ingredients. Participants evaluated their experiences as interesting/fun and reported
familiarity with using the smartphone app and social media as the preferred method to keep track of their eating. All participants
welcomed communication with fellow participants on social media and motivated each other, in addition to monitoring their
eating habits through online dietary diaries. Some participants experienced difficulty, especially when they were busy or faced
a lack of internet access.

Conclusions: Through interactions on social media, college students experienced encouragement and developed an interest and
critical thinking with respect to their eating habits. This approach, which embraces peer education and peer support with social
media, holds promise for the future of youth health promotion. Further examination will be needed to explore how to sustain this
level of heightened awareness.
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Introduction

In the last three decades, lifestyle-related health problems among
youth in developed countries have become increasingly
complicated given a simultaneous rise in the incidence of obesity
and diabetes [1-3] with an excessive desire to lose weight by
adopting unbalanced diets [4]. Among youth, college students
are a particularly harder group to reach owing to their busy lives
taken up by newly available activities associated with college
life. Previous studies reported that although college students
have adequate nutritional knowledge, their eating behavior is
not necessarily healthy because they cannot recognize direct
links between eating habits and health [5-8]. Therefore, it is
essential to promote healthier eating habits among college
students because lifestyles are established during this critical
period, which have a significant impact on their future health.

Health education for college students requires new approaches
that view young people as managers of their own eating habits
rather than as recipients of health information. In Japan, 98.7%
of people in their 20s use the internet, 88.7% own smartphones,
and 78.5% use social media platforms such as Instagram and
Twitter to communicate with each other and obtain information
[9]. The World Health Organization also supports the potential
of mobile health, which uses mobile and wireless technologies
to support the achievement of health objectives, especially for
motivating young people to acquire healthy behaviors [10].
Over the past 15 years, many researchers have adopted
smartphone apps for health care such as for supporting
behavioral management required during mental health care [11]
and for self-monitoring in managing long-term conditions [12].

Since the 1980s, paper-based approaches such as food frequency
questionnaires [13-15] and single or multiple daily recalls
[16-18] have been conventionally applied for dietary assessment.
Although these are cost-effective methods, some researchers
noted that they are time consuming and rely on participants’
memory and literacy, which can lead to higher rates of
underreporting [19,20]. Since 1995, the use of innovative
technologies has been shown to improve dietary assessment in
various research settings. Research related to the use of dietary
diaries with computer-based technologies has been conducted
in both personal and interactive situations, demonstrating that
data can be collected at a time that is convenient for participants
[21,22]. Personal digital assistant technologies provide dietary
diaries with a portion size measurement aid to enable
participants to easily record their food [23,24], and mobile
phone/smartphone-based technologies further enrich the data
with the addition of digital photos and voice recording, as well
as allowing easier registration regardless of location and time
[25-27]. Illner et al [28] conducted a systematic review of the
innovative technologies available for dietary diaries,
demonstrating that dietary diaries that utilize technology have
the potential to be more cost- and time-effective, and utilize
less laborious means of data correction.

Public health research has expanded in recent years to explore
methods that best promote a healthy diet and the adoption of
information and communication technology, including a
randomized controlled trial on the typical health
specialist-patient relationship [29]. Research to promote college
students’ eating habits demonstrated that interventions
employing information and communication technology can be
effective [30-35], and some researchers adopted smartphones
and personal digital assistants as assessment tools [36-38].
However, to date, few studies have examined the effects of
online peer communication among participants monitoring their
eating habits. Watanabe et al [39] investigated how college
students interacted with each other through dietary diaries via
an internet weblog that was accessed on flip-style phones; this
approach was sufficiently familiar to enable participants to
discover new challenges in their eating habits [39].
Turner-Mcgrievy and Tate [40] reported the effect of a weight
loss program among adults using social media via smartphones.
However, the effects of online interaction on social media by
creating dietary diaries through a smartphone app to improve
college students’ eating habits have not yet been examined.

Our research explores how interactions through social media
and creating dietary diaries with a smartphone app motivate
college students to raise self-awareness of their eating habits in
an effort to develop effective health education approaches for
youth. In this study, we investigated (1) how college students
change their interest levels and critical viewpoints toward their
eating habits; (2) changes in various viewpoints with regard to
their decision-making process when eating; and (3) their
experiences from interactions on social media when creating
dietary diaries via a smartphone app.

Methods

Research Design and Participants
This was a before-after study design conducted from September
to November 2017 including 42 college students in the greater
Tokyo area of Japan who were recruited through bulletin board
posters at 5 cooperating universities. Any students at the
cooperating universities under 25 years of age were eligible for
inclusion in the study, regardless of gender or living situation.
Following completion of all research processes, the participants
received 2,000 JPY on prepaid cards that could be used at
domestic convenience stores.

Procedure

Overall Design and Grouping
The participants were randomly divided into groups of 3 people
and were asked to (1) create dietary diaries through the
smartphone app and interact with/follow each other through
social media; and (2) answer online surveys at baseline,
immediately after creating the dietary diaries, and at 1-month
follow up.
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Creating Dietary Diaries
Participants recorded all of the food and drinks they consumed
in their online diaries, including photos, text, and commentary
space, during a 7-consecutive day period using a smartphone
app. In the diaries, the app allowed them to register what they
ate by choosing from a preregistered menu, products, or
ingredients. Participants also wrote about their thoughts while
eating or drinking. For example, they recorded the type of
attention paid to choosing their meal or how they cooked the
meal. Participants followed the diaries of their fellow group
participants at least once a day, read blog-style diaries, and
communicated with each other using the social media function
in the commentary spaces of the diaries.

Online Surveys
Online surveys were administered three times: at baseline,
immediately after the intervention, and at 1-month follow up.
Participants were asked to respond to items on: (1) degree of
interest in their eating habits, which was rated on a scale of 1
(“not at all”) to 7 (“very much”); (2) self-evaluation of their
eating habits on a scale of 1 (“very bad”) to 7 (“very good”);
and (3) multiple choice responses to the types of topics they
considered when choosing food/drink among 10 topics based
on a national survey of health and nutrition in Japan [41]. Data
on basic personal characteristics and lifestyle were also collected

at baseline. The final follow-up questionnaire included a
free-response item asking for their overall experiences through
participation in the project.

Research Settings and Smartphone App
Based on the pretest and our previous research [39], we set a
7-day intervention period so that participants had sufficient time
to complete the required tasks, which included both keeping
diaries and online surveys, and to ensure that their diaries
reflected their eating habits depending on activities on both
weekdays and weekends. We determined the number of
participants in each group to allow for browsing participants’
diaries without unreasonable effort and to facilitate interaction
with each other. We set the number of groups at 14 so that we
could feasibly monitor the diaries and preempt any trouble
between participants or unexpected disclosures of privacy. The
smartphone app asken (asken Inc, Shinjuku, Tokyo, Japan) was
used as the medium through which the participants created their
dietary diaries and communicated with each other. The asken
app is one of the most popular apps for diet management and
nutrition improvement, with over 3.5 million users in Japan as
of January 2020 [42]. We further selected the asken app for this
research because it allows users to create diaries within a social
networking system, thereby eliminating the need to send private
messages, which safeguarded the participants’ privacy and
security (Figure 1).

Figure 1. Details of the asken app.
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Data Analysis
All 42 participants completed the diaries, but 4 were excluded
from the analysis because they did not complete the 1-month
follow-up online survey.

Quantitative data were analyzed using IBM SPSS Statistics,
version 23 (SPSS Inc, Chicago, IL, USA). Changes in points
for degree of interest, self-evaluation about their eating habits,
and the number of topics that participants considered during
their decision making were analyzed at three time points:
baseline, immediately after creating dietary diaries, and at the
1-month follow up. First, Friedman tests were applied to
determine whether any of the differences between the medians
at the three time points were statistically significant. Since the
P values were less than the significance threshold (P<.01),
Wilcoxon signed-rank tests were used to examine the results
between two time points compared with baseline, and Bonferroni
correction was applied to the P values for multiple comparisons.
To evaluate the degree of coherence between factors of
participants who had a greater change in their scores for degree
of interest than the average immediately after the intervention,
Chi square tests were performed to compare basic characteristics
and scores for degree of interest at baseline.

The content of free descriptions was analyzed using the
qualitative content analysis method suggested by Graneheim
and Lundman [43]. One author (MW) coded the content and
discussed the results with other researchers until agreement was
reached. The codes were then assigned to suitable categories
and subcategories as agreed upon through discussion among
researchers.

Ethical Considerations
This study was approved by the Ethical Review Board at Tokyo
Women’s Medical University (approval no. 4055, August 8,
2017). Participants were informed in writing of the research
purpose and methods, that participation was voluntary, and that
all collected data would be used only for research purposes and
would be kept confidential. Participants were instructed not to
upload any personal information online and provided written
informed consent to participate. The investigators employed
the latest security software to prevent data breaches, and all
computers and documents were stored in secure areas.

Results

Participant Characteristics
The basic characteristics of the participants are summarized in
Table 1.

All 38 participants were female, ranging in age from 19 to 22
years. Two participants were nutrition majors, and the remaining
36 majored in other subjects. The majority of participants had
a self-reported body mass index in the normal range, whereas
about 20% were underweight (mean 20.1, range 17.2-24.1) and
none was overweight. The majority of participants lived with
their families, followed by living alone and in college
dormitories. All participants who lived with their families
indicated that their parents cooked their meals, and just over
half indicated that they cooked for themselves. The large
majority of participants rated themselves to be in “excellent”
or “good” health, while 3 participants rated their health as “not
so good”; none rated their health as “poor.”
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Table 1. Basic characteristics of participants (N=38).

n (%)Characteristic

Gender

0 (38)Male

38 (100)Female

Age (years)

8 (21)19

7 (18)20

13 (34)21

10 (26)22

Self-reported body mass index

8 (21)<18.5

30 (79)18.5-25

0 (0)>25

Living arrangement

23 (61)With family

11 (29)Alone

4 (11)In dormitory

People who cook daily meals (multiple choice)

23 (61)Family, especially parents

20 (53)Themselves

5 (13)Cafeteria

8 (21)Eating out

Self-perceived health condition

12 (32)Excellent

23 (61)Good

3 (8)Not so good

0 (0)Poor

Changes in Scores for Degree of Interest and
Self-Evaluation of Eating Habits
Participants’ scores for degree of interest in eating habits
increased significantly (P<.001) while the scores for
self-evaluation of eating habits decreased significantly (P<.001)
throughout the process of creating dietary diaries. These
differences remained significant at the 1-month follow up
compared with the respective baseline values (Table 2).

The participants’ interest level about their eating increased from
baseline immediately after creating their dietary diaries, and
then decreased slightly at the 1-month follow up. The average

baseline score for self-evaluation of eating habits decreased
immediately after creating dietary diaries and increased slightly
at the 1-month follow up. A statistically significant but weak
negative correlation was observed between scores of interest
level and eating habits in self-evaluation (r=0.221, P=.009).

Regarding the factors that affected participants who changed
their scores for degree of interest by more than the average, a
smaller score at baseline (1-2) had a significant effect. However,
there were no significant effects according to living arrangement,
self-reported body mass index, cooking status, and
self-perceived health condition (Table 3).

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17613 | p.304http://mhealth.jmir.org/2020/3/e17613/
(page number not for citation purposes)

Watanabe-Ito et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Changes of participants’ awareness associated with their eating habits through the intervention (N=38).

P value (Wilcoxan signed-rank test)aP value (Friedman test)Median (range)AverageItem

<.001Interest level in eating habitsb

—c6 (2-5)4.6Baseline

<.0016 (5-7)6.2Immediately after the project

.0025 (2-7)5.3One-month follow up

.001Self-evaluation of eating habitsd

—5 (2-6)4.5Baseline

<.0014 (1-7)3.6Immediately after the project

.044 (1-6)4.1One-month follow up

<.001Number of topics considered when choosing a meal/drinke

—2 (0-7)3.7Baseline

<.0015 (3-9)6.4Immediately after the project

.054 (2-8)5.5One-month follow up

aCompared with the baseline score after Bonferroni correction.
bScale from 1 (“very bad”) to 7 (“very good”).
cNot applicable.
dScale from 1 (“not at all”) to 7 (“very much”).
eMultiple choice answers.

Table 3. Factors affecting participants with substantial changes in their scores of interest level through the intervention (N=38).

P valueaChi-squareDifference in points between baseline and after interventionFactor

≤2, n (%)>2, n (%)

.00111.17Baseline score of interest level

14 (37)2 (5)Stronger interest (5-6 at baseline)

6 (16)16 (42)Weaker interest (1-4 at baseline)

.790.07Living arrangement

7 (18)8 (21)Alone/in dormitories

13 (34)10 (26)With family

.820.05Self-monitored body mass index

4 (11)4 (11)<18.5

16 (42)14 (37)≥18.5

.940.01Responsible for cooking daily meals

12 (32)8 (21)Themselves

12 (326 (16)Others (family, cafeteria, eating out)

.940.01Self-perceived health condition

19 (50)16 (42)Excellent/good

1 (3)2 (5)Not so good/poor

aAfter Yates' correction.

Changes in Dietary Topics Influencing Decision
Making in Eating
The numbers of dietary topics participants thought about when
they chose their meal/drink increased immediately after creating
dietary diaries compared to that at baseline. The increase and

the significant difference was maintained at the 1-month follow
up (Table 2).

Considering the details of the topics more carefully (Table 4),
at baseline, participants thought about “quantity of food
consumed,” “eating a variety of foods/ingredients,” “whether
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to drink alcohol or not,” and “when to eat.” After creating
dietary diaries, the number of participants who chose “the
nutrient balance of meals,” “whether to eat breakfast or not,”
and “eating a variety of foods/ingredients” increased

substantially. Eight participants chose “nothing in particular”
at baseline, but no participant chose this response after creating
dietary diaries.

Table 4. Categories considered during decision making about food and drink based on multiple choice responses (N=38).

One-month follow up, n (%)Immediately after the project, n (%)Baseline, n (%)Category

0 (0)0 (0)8 (21)Nothing in particular

25 (66)31 (82)4 (11)Nutrient balance of meals

24 (63)23 (61)14 (37)Eating a variety of foods/ingredients

14 (37)15 (39)17 (45)Quantity of food consumed

7 (18)6 (16)5 (13)How meals were cooked/processed

14 (37)15 (39)8 (21)Time to eat

12 (32)12 (32)2 (5)Eating breakfast or not

6 (16)8 (21)4 (11)Eating out or not

9 (24)13 (34)7 (18)Eating snacks/junk food or not

10 (26)10 (26)8 (21)Drinking alcohol or not

Participants’ Experience From the Project

Main Categories of Participant Experience
Participants’ descriptions of their project experiences were
sorted into 5 categories and 16 subcategories (Textbox 1), along
with 52 lower-level codes from 223 meaning units.

Category A: “It was Fun/Interesting to Participate in
the Project”
All participants responded that it was interesting to participate
in the project, and their positive impressions about the project
were included in Category A. They indicated that they enjoyed
seeing what they and the other participants ate, taking photos,
and reading comments and posts from other participants: “It
was really fun to see what others ate, because we don’t have a
chance to see this in normal life. We are all college students,
but live such different lives” (22-year old).

Category B: “I Learned From Participating in the
Project”
Participants indicated that as a result of keeping their own diaries
and observing others’ diaries, they began to pay more attention
to their eating habits such as how often they ate snacks, skipped
breakfast, and ate/drank late at night: “I hadn’t thought about
eating, but through this project, I realized how terrible my eating
habits are! How do I eat so many sweets in a day?” (21-year
old).

Category C: “Participating Caused Some Difficulties”
Some participants wrote that participating was difficult because
taking photos, writing comments in their diaries, and following

others’ diaries was time consuming and they sometimes forgot
to record what they ate. They also wrote that they felt
embarrassed to show their diaries to other participants when
they did not eat well: “Even though it only took a little time,
sometimes it was painful to record my meals in the diary,
especially when I needed to do other things, such as study”
(20-year old).

Category D: “Advantages/Disadvantages of Using the
Smartphone App and Social Media”
Many participants mentioned that the smartphone app and social
media were an advantage for health education because they
were familiar with smartphone apps, and it matched their busy
college lifestyles. They also found that using social media
enabled them to communicate with each other, allowing them
to exchange healthy eating tips such as how to include more
vegetables in their meals. They also felt encouraged by other
participants through comments and “good” posts to keep going.

Some participants wrote that participation was troublesome
when they were without internet access or their smartphone
batteries were low. One participant mentioned that it was a pity
that they could not upload the project posts to the social media
that they normally used to share content with friends. “To look
back at our eating habits, using the smartphone app is a good
idea! It is very familiar for us because we are living with it. On
social media, we learned with each other. They encouraged me
to complete it.” (22-year old). “The app needed some time to
get used to. Hopefully, it would be better if the recording method
becomes easier.” (19-year old).
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Textbox 1. Qualitative analysis of participants’ experiences of communication on social media when creating dietary diaries.

Category A: “It was fun/interesting to participate in the project”

A-1: Fun/interesting to keep the records of what I ate.

A-2: Fun/interesting to take photos of what I ate.

A-3: Fun/interesting to see what other members ate.

A-4: Fun/interesting to see comments and stamps from other members.

 

Category B: “I learned from participating in the project”

B-1: It made me think more of my eating habits and physical activities.

B-2: It made me more conscious of my eating habits.

B-3: I observed and learned from other members.

 

Category C: “Participating caused some difficulties”

C-1: It took time to complete project tasks.

C-2: It was difficult to record in general.

C-3: The period of the project was too short.

 

Category D: “Advantages/disadvantages of using the smartphone app and social media”

D-1: Advantages of using the mobile phone app include that it’s familiar, always with me, and easy to record.

D-2: Disadvantages of using the mobile phone app include that it required special techniques and used up batteries.

D-3: Requests to improve the app.

D-4: Would like to use personal social media.

 

Category E: “My eating habits were affected by This project”

E-1: Improved eating habits during this project.

E-2: Improved eating habits even after this project.

Category E: “My Eating Habits Were Affected by this
Project”
Some participants wrote that they changed their eating habits
as a result of participating and began to eat breakfast every day,
choose well-balanced meals with fresh vegetables/fruits, and
avoid too many snacks and midnight eating. “After the project,
I am trying to eat well-balanced meals as much as possible with
many kinds of ingredients not only carbohydrates such as rice
balls and bread” (21-year old).

Discussion

Principal Findings
This study represents an early attempt to explain how interaction
using social media in conjunction with dietary diaries on a
smartphone app motivates college students to develop interest
in their eating habits. This intervention involved a multiplex
process; nevertheless, the results show that college students
experienced encouragement and developed an interest in their
eating habits through interaction on social media when creating
dietary diaries on the smartphone app. This methodology has

potential as an effective means for youth to have a chance to
review their eating habits for promoting healthier lifestyles.

Comparison With Prior Work

Participant Characteristics
Participant selection introduced some bias, resulting in only
female participants. Young women who were concerned about
their eating habits were more likely to be drawn to this research
and to agree to participate. This was further influenced by the
recruitment method because the collaborating colleges had
departments with more female students. A well-developed
recruitment plan is needed to enroll similar numbers of male
students in future studies. Moreover, participants’ basic
characteristics such as self-reported body mass index, living
arrangement, who cooked their meals, and their self-perceived
health conditions did not differ from the average status of
college students in the central-east area around Tokyo [44].
Participants’ self-evaluations indicated that their baseline eating
habits were not necessarily ideal, which was consistent with
survey results from the Kanto Regional Agricultural
Administration Office of Japan Ministry of Agriculture, Forestry
and Fisheries [45], which showed that 42.2% of college students
who live away from their families do not eat enough vegetables

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17613 | p.307http://mhealth.jmir.org/2020/3/e17613/
(page number not for citation purposes)

Watanabe-Ito et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


and 71.3% want to improve their eating habits, suggesting the
need for a new approach to providing health education on
nutrition to this age group.

Verifying the Effectiveness of Dietary Diaries and
Communication via Social Media: Increased
Consciousness of Eating Habits
Participants’ awareness of their eating habits increased, which
was maintained during the project, although decreased slightly
at the 1-month follow up. Participants became more interested
in and thought critically about their eating habits, especially
about eating nutrient-balanced meals and a variety of
foods/ingredients. A previous study that incorporated use of an
iPad reported that using photos and texts to record eating was
an effective way to increase awareness of food intake [46].
Similarly, in our study, photos on diaries enabled participants
to see at a glance how much they ate and how well-balanced
the meal was, complementing their limited written descriptions.
In addition, describing their thoughts when choosing a
meal/drink in their diaries helped them to recognize what factors
affect their decision making. Browsing and writing comments
on other participants’ diaries further provided an objective/new
point of view to look back their own eating habits in comparative
ways. In social learning theory, Bandura and Schunk [47] stated
that people learn from each other through observation, imitation,
and modeling. Our results support this theory of enhancing the
peer-learning process but also suggest two challenges that
warrant further examination: (1) how to sustain eating habit
awareness/interest for a long period, and (2) how to motivate
people to pay attention to the less visible factors such as how
meals are processed.

Advantage of Using Social Media and Smartphone Apps
to Promote Healthy Eating for College Students
The results showed that social media and smartphone apps have
great potential for providing health education to youth because
these tools are familiar to college students. Most participants
evaluated the project as interesting and fun, and indicated that
they discovered many tools for improving their eating habits.
All participants also indicated that they felt motivated and
encouraged by their fellow participants. This experience of peer
support is important for health promotion, especially in this age
group, as previously reported in the concept analysis of peer
health support [48]. Wang and colleagues [49,50] developed a
participatory action research strategy called “Photovoice” as an
effective method for assessing the needs of social minorities.
College students may similarly be seen as a group in need of
help, given their lack of interest in and awareness of healthier
eating habits. We suggest an approach such as
“Photovoice-Online” using social media via smartphones to
overcome this disadvantage, which requires participants to meet
in person to discuss the problems with each other. Further
research is needed to analyze the group dynamics of social

media communication depending on specific group
characteristics.

When social media is used in research, ethical considerations
are an important concern. In particular, privacy and
confidentiality safeguards are imperative when adopting social
media for use in research. Holmberg et al [51] conducted a study
about social media usage of adolescent patients with obesity,
stating that social media could be a source for health inspiration,
information, and support, but requires competencies. In this
study, we adopted social media to encourage college students
to be more conscious in their eating habits; however, in the
setting of health education, more examination is needed to teach
college students health literacy to use social media.

A few participants mentioned that it took time for them to record
their meal/drink and communicate with others. Smartphone
apps, which are developed and improved at a rapid pace, are
already offering photo-based nutrient information, which will
make the dietary diary recording process easier and more
accurate. As desirable tools for college students, it would be
preferable that more complementary smartphone apps including
such high-level technologies would be available in the near
future.

Limitations
This study has some limitations. As mentioned earlier, all
participants in the study were young women, who are considered
to be more conscious of their eating habits than young men. In
addition, the study sample had a limited number of participants.
Furthermore, as Deliens et al [7] noted, college students’ eating
habits are influenced by various factors such as social networks
and physical/macro environments. As we were focused on the
comparison with national Japanese results, we did not use the
established questionnaires for international dietary assessment.
Therefore, our results are not generalizable to larger populations.
This intervention method adopted a multiplex process; thus, we
could not analyze exactly which factors affected participants
and to what extent. Finally, we did not examine participants’
group dynamics, which may have also influenced the results.

Conclusion
This research explores how interactions through social media
used in conjunction with smartphone apps of dietary diaries can
motivate college students to develop an interest in healthier
eating habits. Through interactions on social media when
creating dietary diaries on a smartphone app, college students
experienced encouragement and developed an interest in their
eating. This methodology, which embraces peer education and
peer support, holds promise for the future. A closer examination
of group dynamics associated with participant interactions and
longer-term experiments to develop sustainable motivation are
needed to further advance this field of research.
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Abstract

Background: Hypertension is a major modifiable risk factor for cardiovascular disease, the world’s leading cause of death. The
prevalence of hypertension is disproportionately higher in South Asian countries than in other regions of the world. Screening
for hypertension in primary care settings remains a challenge in many South Asian countries, including Nepal. Nepal is located
in the Himalayan Mountains region, posing significant geographical challenges for its rural citizens to access primary health care
and service delivery. This barrier increases the costs and inconvenience for rural Nepalis to access hypertension screening and
treatment. As a result, the prevalence of hypertension in Nepal tripled in the last 25 years to 22.4%-38.6%. Nepal’s Ministry of
Health and Population relies on female community health volunteers to link health centers and communities to provide basic
health services. Over 50,000 of these volunteers in Nepal have received basic health care training and are assigned to take care
of maternal and child health. Due to limited health care resources, adopting new methods to control hypertension is an urgent
need in Nepal. Several recent studies in Nepal have recommended extending the role of female community health volunteers to
include hypertension management through blood pressure monitoring and home-based education.

Objective: The goal of this study was to assess if a mobile health–based female community health volunteer approach of
combining the traditional community health volunteer program with digital technologies would be feasible and acceptable in
rural Nepal.

Methods: In this study, we recruited 17 female community health volunteers and extended their role from maternal and child
health to hypertension management through screening blood pressures.

Results: All 17 female community health volunteers successfully measured 1113 rural Nepalis’ blood pressures, identified 169
hypertensive patients, and collected health behaviors data of the 169 hypertensive patients. Among the 169 patients, 70% of them
had a mobile phone, and 92% were interested in receiving health-related information via a mobile phone. Among those who were
interested in receiving information via a mobile phone, 84% preferred voice calls, and 7% and 1% preferred texting and apps,
respectively.
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Conclusions: Results from this study indicate that a digital health intervention that leverages feature-phones combined with
female community health volunteers may be an acceptable and pragmatic way to implement an evidence-based program to reduce
hypertension in rural Nepal.

(JMIR Mhealth Uhealth 2020;8(3):e15419)   doi:10.2196/15419

KEYWORDS

hypertension; female community health volunteers; mHealth

Introduction

Hypertension is a major modifiable risk factor for cardiovascular
disease [1]. According to the Global Status Report on
noncommunicable diseases, in the year 2010 alone, 9.4 million
people died due to hypertension-related complications [2].
Compared to other regions of the world, the prevalence of
hypertension is disproportionately higher in South Asian
countries, such as Nepal. In Nepal in particular, the prevalence
of hypertension tripled in the last 25 years to 22.4%-38.6% [3].
The mortality rate of hypertension has been steadily increasing
in parallel, from 135.6 to 145.2 per 100,000 people from 1995
to 2015 [4]. Hypertension and related complications are
considered major contributors to death and disability in Nepal
[5]. Although hypertension can be effectively lowered using
medication, there are several challenges to solving this issue in
Nepal. First, there is inadequate screening for hypertension in
primary care settings. Second, Nepal is mainly located in the
Himalayan Mountains region, posing significant geographical
challenges in access to primary health care and service delivery,
which contributes to a high financial and human resource
burden. Finally, among individuals identified as hypertensive,
adherence to antihypertensive medication is consistently
reported to be low, thereby increasing the risk of uncontrolled
blood pressure and its complications [6].

Due to limited health care resources, adopting new methods to
control hypertension is an urgent need in Nepal [7,8]. Nepal’s
Ministry of Health and Population relies on female community
health volunteers to link health centers and communities to
provide basic health services [9]. Over 50,000 female
community health volunteers in Nepal have received basic health
care training and are assigned to take care of maternal and child
health [10]. Several studies in Nepal have recommended
extending the role of these volunteers to include hypertension
management through blood pressure monitoring and home-based
education [9-11]. This recommendation is based on the fact
that, in Nepal, there is a lack of linkage to primary care among
patients with hypertension. Due to the high geographic barriers
in the Himalayas, an affordable means to communicate and
provide ready access to hypertension care delivery is greatly
needed. Because mobile phones are widely used in Nepal, with
a household subscription level of over 75% and steadily
increasing [12], they may provide the needed communication
platform. It is highly possible that female community health
volunteers could use mobile phones to collect hypertension data
and link patients to primary care. This suggests combining the
traditional community health volunteer program with an
evidence-based hypertension reduction program and digital
technologies could be a pragmatic way to reduce hypertension.

The goal of this study was to assess if a mobile health
(mHealth)–based female community health volunteer approach
of combining the traditional volunteer program with digital
technologies would be feasible and acceptable in rural Nepal.

Methods

Study Design and Participants
This study was approved by the Duke University Health System
Institutional Review Board (Pro00092469), and the ethics review
committee in Nepal (Reg. no. 83/2018). This entire study was
conducted in three phases (see Figure 1). In Phase I, we recruited
17 female community health volunteers from two rural
communities, nine in Dhunkharka and eight in Panchkhal, Nepal,
to learn how to accurately measure blood pressure. The
government of Nepal granted permission to approach the 17
female community health volunteers for this study. All 17
female community health volunteers provided informed consent
for the study. Each volunteer was responsible for the wards
assigned by the Nepal Ministry of Health and Population. The
two rural communities were located about 30 miles away from
the capital city, Kathmandu. Two local Nepali graduate students
who were fluent in English and Nepali served as translators for
this study. Our team organized two equivalent training sessions
taught by two licensed physicians.

Each training session included three subsessions: a 20-minute
hypertension education session, a 10-minute question and
answer session, and a 30-minute data-collection training session.
Training content was developed specifically for this study by
our study coordinator Jingru Tan and the two physicians by
adapting content from the World Health Organization’s Protocol
titled “Prevention of Heart Attacks, Strokes, and Kidney Disease
through Integrated Management of Diabetes and Hypertension”
[13]. This protocol was part of the World Health Organization’s
package of essential noncommunicable disease interventions
for primary health care in low-resource settings. In the training
sessions, the female community health volunteers learned and
practiced measuring, reading, and documenting blood pressure
through an electronic blood pressure cuff. The volunteers also
practiced measuring blood pressure on each other and received
feedback from physicians. After the training sessions, our
research team evaluated each community health volunteer’s
knowledge and practical skills on blood pressure assessment
by assigning two team members to accompany each volunteer
for half a day to observe their performance at measuring blood
pressures. The two research team members evaluated the female
community health volunteer’s performance using the blood
pressure–measuring guideline retrieved from the “Seventh
Report of the Joint National Committee on Prevention,
Detection, Evaluation, and Treatment of High Blood Pressure”
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[14], which listed detailed information on how to measure blood
pressure. After the observation, the two members provided
feedback to each volunteer based on the blood

pressure–measuring guideline and ensured that their skills for
measuring blood pressure satisfied the guideline.

Figure 1. Study flow chart.

In Phase II, each female community health volunteer visited
the rural residents in their respective wards and introduced this
study. The inclusion criteria of participants were: (1) living in
either of the two rural communities located in Dhunkharka and
Panchkhal, Nepal for more than five years; (2) being able to
speak Nepali or English; and (3) being 40 years old or older
[13]. For those residents who provided written consent, the
female community health volunteers measured their blood
pressure twice on the right upper arm after 10 minutes of rest
in a seated position at their homes, with feet on the floor and
arm supported at heart level [14]. In total, 1159 residents
satisfied the inclusion criteria, and 1113 of them were screened
for hypertension, resulting in a recruitment rate of 96%. Of the
46 residents who refused to participate, 45 refused due to their
busy schedules with farm work, and one refused without
providing a specific reason. Participants with hypertension were
selected for a survey in Phase III. In Phase III, female
community health volunteers revisited the selected hypertensive
participants, measured their blood pressure, and asked them to
complete a 15-item survey. Each survey took about 15 minutes
to complete.

Data Collection and Variables
In Phase II, volunteers collected participants’ demographic
variables, including gender, age, educational level, and health
outcomes, including systolic blood pressure, diastolic blood
pressure, and heart rate. The female community health
volunteers visited each participant and measured blood pressure
twice on the right upper arm after 10 minutes of rest in a seated
position [15] by using an electronic blood pressure cuff (Omron
HEM-7124; Omron Dalian Co. Ltd, China). The second measure
was taken 5 minutes after the first measure. If the difference
between the two measures was greater than 10 mmHg for
systolic or diastolic blood pressure, a third measure was taken.
The Omron blood pressure cuff has been widely used in Nepali
clinical settings and is suitable for Nepali adults aged 18 years
old or older. To ensure accuracy of measuring blood pressures,

we used Omron blood pressure cuffs that have a bladder
encircling at least 80 percent of the upper arm of an adult [14].
This Omron blood pressure cuff was a single size, but the
selection of this cuff was based on its wide use in Nepali clinical
settings and suitability for Nepali adults over 18 years of age
[16,17]. The female community health volunteers can wrap the
blood pressure cuff based on the upper arm circumference of a
participant. In this study, we used the US Joint National
Committee [14] definition of hypertension, in which
hypertension is defined as average systolic blood pressure (SBP)
equal to or greater than 140 mmHg, or an average diastolic
blood pressure (DBP) equal to or greater than 90 mmHg [15,18].
The second visit in Phase III was to collect data on self-reported
health behaviors, including smoking, alcohol consumption,
medication adherence, hypertension awareness, phone use, and
a preferred method of receiving health information (see Figure
1). The 15-item survey was adapted from the Morisky Green
Levine Scale [19,20] and a 21-item survey querying from Johns
Hopkins University School of Medicine [21].

Outcomes and Metrics
The primary outcome of this study was an assessment of the
feasibility of extending the role of female community health
volunteers to blood pressure monitoring. Feasibility was
documented by the assignment completion rate, defined as the
number of community health volunteers who completed all
three phases. Secondary outcomes included systolic blood
pressure, diastolic blood pressure, and preference of mHealth
intervention. We also assessed the acceptability of this mHealth
program, defined as the number of participants who consented
to receive health-related information via cell phone, compared
to the total number of participants approached in Phase III.

Statistical Analysis
All statistical analyses were performed using SAS 9.4 (SAS
Institute, Cary, North Carolina, United States). Categorical
variables included gender, educational level, marital status,
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smoking, drinking consumption, and use of antihypertensive
medications. Numerical variables included age, height, weight,
systolic blood pressure, diastolic blood pressure, and heart rate.
Descriptive statistics, frequency (n), and percentage (%) of
female community health volunteers who completed all three
phases, and participants who consented to receive health-related
information via cell phone, were reported to detail the feasibility
of extending the role of female community health volunteers
to blood pressure monitoring, and the acceptability of this
mHealth program among participants. The prevalence of
hypertension, rate of medication adherence, percentage of
mobile phone users, awareness of hypertension, and interest in
receiving health-related information via mobile phones were
also studied.

Results

The study sample included 1113 rural Nepalis with a mean age
of 56.3 years old (SD 13.3), with a roughly equal distribution
of male and female participants. Their ages ranged from 40-104
years old. Most participants (62%) had not received any formal
education, and less than 6% had received higher education.
Nearly one out of four participants (24%) had been diagnosed
with hypertension by a doctor before the female community
health volunteers measured their blood pressures; however, only
17% were taking medication to treat hypertension (Table 1).
Therefore, among the participants who were diagnosed with
hypertension by doctors, the percentage of them that were taking
medications to treat hypertension was 69%.

Among the 1113 participants, 169 were identified by female
community health volunteers to have hypertension in Phase II.
The 169 participants included new hypertensive patients and
hypertensive patients diagnosed by doctors who did not control
their blood pressures within a normal range. The number of
participants who were diagnosed and optimally treated was 189.
Adding this number to the 169 hypertensive participants
identified by the female community health volunteers, the total
number of hypertensive participants was 358 (32%). The age
range of the 169 participants was 40-104 years old. Their
average systolic and diastolic blood pressures were 147 mmHg
and 96 mmHg, respectively. Based on international hypertension
guidelines [14,22], we categorized the 169 hypertensive
participants into grade 1 (140≤SBP<160 mmHg and
90≤DBP<100 mmHg), and grade 2 (SBP≥160 mmHg and
DBP≥100 mmHg). We found that 96 (57%) participants were
in grade 1 and 73 (43%) were in grade 2. Among those 169
hypertensive rural Nepalis, 52% did not know that they had
hypertension and 71% did not receive any treatment, such as
medications to control their high blood pressure (Table 2). In
terms of mobile phone usage, 70% of the hypertensive
participants had a mobile phone, and 92% were interested in
receiving health-related information via a mobile phone. Among
those who were interested in receiving information via a mobile
phone, 84% preferred voice calls, and 7% and 1% preferred
texting and apps, respectively. All 17 female community health
volunteers completed the three phases and returned their
documented participants’ blood pressures to us, suggesting the
high feasibility of this approach. The acceptability was high,
with 92% of the participants willing to receive health-related
information via cell phone.
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Table 1. Baseline characteristics of the sample in Phase II at enrollment.

P valuePanchkhalDhunkharkaAll participantsVariable

519 (46.6)594 (53.4)1113 (100)Number of participants, n (%)

.49Gendera, n (%)

237 (45.7)283 (47.6)520 (46.7)Male

282 (54.3)310 (52.2)592 (53.2)Female

.08Educationb, n (%)

330 (63.6)355 (59.8)685 (61.5)No education

112 (21.6)155 (26.1)267 (24.0)Primary education

51 (9.8)41 (6.9)92 (8.3)Secondary education

26 (5.0)38 (6.4)64 (5.8)Higher education

.002Had been diagnosed with hypertension by a doctorc, n (%)

414 (79.8)428 (72.1)842 (75.7)No

103 (19.8)165 (27.8)268 (24.1)Yes

<.001Had been taking antihypertensived, n (%)

452 (87.1)468 (78.8)920 (82.7)No

60 (11.6)125 (21.0)185 (16.6)Yes

.0357.3 (14.2)55.5 (12.4)56.3 (13.3)Age (Year), mean (SD)

aThe Gender information of one participant from Dhunkharka was missing.
bThe Education information of five participants from Dhunkharka was missing.
cIn Dhunkharka and Panchkhal, one and two participants’ information on whether they had been diagnosed with hypertension by a doctor was missing,
respectively.
dIn Dhunkharka and Panchkhal, one and seven participants’ information on whether they had been taking antihypertensives was missing, respectively.
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Table 2. Baseline characteristics of the sample selected into Phase III.

P ValuePanchkhalDhunkharkaAll participantsVariable

—a101 (59.8)68 (40.2)169 (100)Number of participants, n (%)

.49Gender, n (%)

57 (56.4)42 (61.8)99 (58.6)Male

44 (43.6)26 (38.2)70 (41.4)Female

.13Education, n (%)

64 (63.4)35 (51.5)99 (58.6)No education

23 (22.8)23 (33.8)46 (27.2)Primary education

7 (6.9)3 (4.4)10 (5.9)Secondary education

4 (4.0)7 (10.3)11 (6.5)Higher education

.03Had been diagnosed with hypertension by a doctor (received prescription of antihypertensive medications), n (%)

46 (45.5)42 (61.8)88 (52.1)No

54 (53.5)25 (36.8)79 (46.7)Yes

.01Had been taking antihypertensive, n (%)

64 (63.4)56 (82.4)120 (71.0)No

34 (33.7)11 (16.2)45 (26.6)Yes

.01Stopped taking medication when felt worseb, n (%)

33 (97.1)8 (72.7)41 (91.1)No

0 (0)3 (27.3)3 (6.7)Yes

.05Stopped taking medication when felt betterb, n (%)

31 (91.2)8 (72.7)39 (86.7)No

2 (5.9)3 (27.3)5 (11.1)Yes

.01Perspective on whether hypertensive patients need to take antihypertensive daily, n (%)

15 (14.9)22 (32.4)37 (21.9)No

75 (74.3)39 (57.4)114 (67.5)Yes

.57Had smoked before, n (%)

50 (49.5)31 (45.6)81 (47.9)No

47 (46.5)35 (51.5)82 (48.5)Yes

.80Current smokerc, n (%)

16 (34.0)14 (40.0)30 (36.6)No

22 (46.8)17 (48.6)39 (47.6)Yes

.03Drinking alcohol, n (%)

67 (66.3)38 (55.9)105 (62.1)Never

19 (18.8)12 (17.6)31 (18.3)Drink during events

3 (3.0)3 (4.4)6 (3.6)1-2 times a month

2 (2.0)2 (2.9)4 (2.4)1-2 times a week

3 (3.0)12 (17.6)15 (8.9)Daily

.64Had a cell phone, n (%)

28 (27.7)16 (23.5)44 (26.0)No

71 (70.3)48 (70.6)119 (70.4)Yes

.39The phone is a smartphoned, n (%)

47 (66.2)34 (70.8)81 (68.1)No

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e15419 | p.317http://mhealth.jmir.org/2020/3/e15419/
(page number not for citation purposes)

Ni et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


P ValuePanchkhalDhunkharkaAll participantsVariable

22 (31.0)11 (22.9)33 (27.7)Yes

.01Interested in receiving health-related information, n (%)

1 (1.0)6 (8.8)7 (4.1)No

97 (96.0)59 (86.8)156 (92.3)Yes

.13Preferred methods,e n (%)

81 (83.5)50 (84.7)131 (84.0)Voice call

9 (9.3)2 (3.4)11 (7.1)Text message

0 (0)2 (3.4)2 (1.3)Apps

1 (1.0)0 (0)1 (0.6)Don’t know

.0562.8 (13.6)58.4 (10.5)60.9 (12.5)Weight (kg), mean (SD)

.20160.7 (8.6)157.6 (14.7)159.7 (11.0)Height (cm), mean (SD)

.0760.8 (14.7)57.0 (10.7)59.3 (13.3)Age (years), mean (SD)

.7124.8 (5.9)24.3 (5.4)24.6 (5.7)BMI (kg/m2), mean (SD)

aNot applicable.
bAnswers were from participants who had been taking antihypertensive.
cAnswers were from participants who had smoked before.
dAnswers were from participants who had a cell phone.
eAnswers were from participants who had interest in receiving health-related information.

Discussion

Primary Findings
This study demonstrates high feasibility and acceptability of
using female community health volunteers, an integral
component of the Nepali health care infrastructure, in collecting
blood pressure data. Although female community health
volunteers in Nepal have mainly been used for maternal and
child health interventions, our study shows that these volunteers
can be trained to assist with other important health initiatives.
In addition to quickly learning how to use electronic blood
pressure cuffs and record and interpret blood pressure readings,
the female community health volunteers were also keen on
imparting their newly gained knowledge about hypertension to
their community members. Globally, the role of community
health workers (CHWs) has shifted from serving a specific
disease or population, such as maternal and child health, to help
solve community health problems that are the most emergent
or need the most resources [23]. Hypertension is a major risk
factor for cardiovascular disease, the world’s leading cause of
death. Bone et al [24] and Krieger et al [25] have extended the
role of a CHW to include controlling high blood pressure and
demonstrated that CHWs could successfully increase follow-up
care for hypertensive patients. Our findings are aligned with
the existing evidence. Shifting primary care duties of managing
hypertension in low- and middle- income countries from
physicians to nonphysician health care workers, such as CHWs,
has been tested in studies and showed potential in reducing
blood pressure [26]. For example, a high-quality randomized
trial conducted in rural China and India [27] found that CHWs
using an Android-powered app could reduce blood pressure and
improve antihypertensive medication adherence among rural

residents with cardiovascular disease. Studies conducted in
Pakistan [28], Bangladesh, and Sri Lanka [29] also found the
same result that CHW-led interventions can help reduce blood
pressure.

The results from this study indicate that hypertension
management remains grossly inadequate in rural Nepal. Among
the 169 female community health volunteer–identified
hypertensive participants, 52% were not aware of their
hypertension and nearly 71% did not regularly take medications
to control their hypertension. Overall, 22% of the participants
were not aware that hypertensive patients need to take
antihypertensive medications to manage high blood pressure.
This data reveals how uninformed participants are about their
blood pressure, how to manage it through medication adherence,
and the risks involved with living with this chronic illness.
Medication adherence can be jointly influenced by external
factors such as health systems, health providers, and access to
care, and intrinsic factors associated with patients. Intrinsic
nonadherence is caused primarily by forgetfulness,
misunderstanding of the medication regimens, and lack of
communication with health workers [30,31]. While several
medication adherence–increasing interventions exist [32], most
are ill-suited for low-income countries lacking necessary health
care infrastructure [6].

In this study’s participant population, in addition to the financial
disadvantage indicated by their reported income levels,
participants also faced geographic isolation. We found through
our study that participants’ access to primary health care
facilities is very limited, which can contribute to their lack of
understanding of how to self-manage their health and the
consequences of poor medication adherence. Due to this
inconsistent relationship with the health care system, many rural
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Nepalis in our study also express distrust of medical
professionals and are less inclined to seek out health services
on their own. However, the female community health volunteers
are highly trusted throughout their communities and have close
relationships with residents. This study has shown that the
female community health volunteers can implement
hypertension-based health initiatives; thus, future interventions
to reduce hypertension in Nepal could leverage female
community health volunteers for community-based blood
pressure monitoring. In this study, the electronic blood pressure
cuffs that we used were powered by batteries, which were
affordable and accessible in rural Nepal. For example, a set of
four regular batteries was 80 Nepalese Rs (US $0.70). Today,
there are many types of blood pressure monitors available in
the market. For instance, those with a USB connection can be
charged by portable batteries and can provide users the guidance
on acceptable blood pressure ranges. They can be adapted in
rural Nepal by female community health volunteers too.

The collected data also revealed that 70% of participants owned
a feature-phone that had text messaging abilities. Overall, 84%
of the participants also preferred receiving health information
through voice calls or voice messages on their phones
Considering the huge cost barrier to improving health outcomes
in rural Nepal, both from an individual patient perspective and
a governmental perspective, these data suggest a new avenue
to deliver care by utilizing mobile health technologies [33,34].
Since lack of awareness about health information and
insufficient medication adherence were shown to be problematic
for hypertensive patients in rural Nepal, the high prevalence of
feature-phone use and patients’ interest in getting health
information via voice calls provide a strong rationale to support
a feature phone-based software application. Integrating such an
intervention with existing infrastructure, such as the female
community health volunteer system, appears promising as the
volunteers are already highly trusted and have a wide reach.
For example, after visiting a hypertensive resident, the female
community health volunteer may use phone calls to follow up
on the resident’s access to antihypertensive medications. When
refilling medications is necessary, the female community health
volunteers can bring medications to that resident in their next
visit. Also, the cell phones may be used to facilitate female
community health volunteers to monitor rural residents’ blood
pressures and thus increase early diagnosis of hypertension. For
example, by following up on residents and asking about their
previously tested blood pressures (tested in a clinic or hospital)
via cell phones, the volunteers could find out if the residents’
blood pressures had increased. If a resident’s blood pressure is

increasing, the female community health volunteers can visit
that resident and measure his or her blood pressure to confirm
whether the resident is hypertensive.

The technology considered in this feature phone–based
intervention should refer to basic mobile phones, which will
enable broader coverage in low-income countries such as Nepal.
These devices lack smartphone capabilities and tend to have
custom-designed software and user interfaces. Many studies
have confirmed the effectiveness and affordability of text
message reminders to improve adherence to medication intake
and to encourage regular visit attendance to manage chronic
diseases [35]. Also, Nepal’s ministry of health has prioritized
mHealth-led interventions by releasing “National e-health
strategies,” aiming to strengthen the application of information
and communications technologies in support of health and
health-related fields [36]. When assessed together, the
aforementioned factors demonstrate an intervention to reduce
hypertension that leverages feature-phones as the
communication platform could possibly be a well-timed program
for Nepal.

While this study contributes important knowledge to the use of
mHealth in rural Nepal, it has several limitations. First, the
female community health volunteers identified hypertensive
participants by only a single visit. Given the high variability in
blood pressure, ideally, the volunteers should visit participants
twice to measure their blood pressure. Second, in this study,
variables such as weight and drinking alcohol were not measured
by female community health volunteers but were self-reported
by participants. Also, a challenge in the management of chronic
conditions, such as hypertension and diabetes, in Nepal is access
to medications and a patient’s ability to pay for them. In this
study, we did not address this issue. Finally, our analyses were
based on the 169 hypertensive patients identified by the female
community health volunteers but did not include those diagnosed
by doctors and optimally controlled their blood pressures within
the normal range.

Conclusion
Given the large burden of hypertension in Nepal, adopting new
methods to control hypertension has become an emergent need
for rural Nepalese. Results from this study indicate that a mobile
health intervention that leverages feature-phones combined with
female community health volunteers is a new way to implement
an evidence-based program to reduce hypertension in rural
Nepal. More future research should be conducted to test the
feasibility and acceptability of such programs.
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Abstract

Background: Access to diabetes education and resources for diabetes self-management is limited in rural communities, despite
higher rates of diabetes in rural populations compared with urban populations. Technology and mobile health (mHealth)
interventions can reduce barriers and improve access to diabetes education in rural communities. Screening, Brief Intervention,
and Referral to Treatment (SBIRT) and financial incentives can be used with mHealth interventions to increase the uptake of
diabetes education; however, studies have not examined their combined use for diabetes self-management in rural settings.

Objective: This two-phase Stage 1 feasibility study aimed to use a mixed methods design to examine the feasibility and
acceptability of an mHealth diabetes education program combining SBIRT and financial incentives to engage rural individuals.

Methods: In Phase 1, we aimed to develop, adapt, and refine the intervention protocol. In Phase 2, a 3-month quasi-experimental
study was conducted with individuals from 2 rural communities in South Texas. Study participants were individuals who attended
free diabetes screening events in their community. Those with low or medium risk received health education material, whereas
those with high risk or those with a previous diagnosis of diabetes participated in motivational interviewing and enrolled in the
6-week mHealth Diabetes Self-Management Education Program under either an unconditional or aversion incentive contract.
The participants returned for a 3-month follow-up. Feasibility and acceptability of the intervention were determined by the rate
of participant recruitment and retention, the fidelity of program delivery and compliance, and the participant’s satisfaction with
the intervention program.

Results: Of the 98 screened rural community members in South Texas, 72 individuals met the study eligibility and 62 individuals
agreed to enroll in the study. The sample was predominately female and Hispanic, with an average age of 52.6 years. The feedback
from study participants indicated high levels of satisfaction with the mHealth diabetes education program. In the poststudy survey,
the participants reported high levels of confidence to continue lifestyle modifications, that is, weight loss, physical activity, and
diet. The retention rate was 50% at the 3-month follow-up. Participation in the intervention was high at the beginning and dissipated
in the later weeks regardless of the incentive contract type. Positive changes were observed in weight (mean -2.64, SD 6.01;
P<.05) and glycemic control index (-.30; P<.05) in all participants from baseline to follow-up.

Conclusions: The finding showed strong feasibility and acceptability of study recruitment and enrollment. The participants’
participation and retention were reasonable given the unforeseen events that impacted the study communities during the study
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period. Combining mHealth with SBIRT has the potential to reach individuals with need to participate in diabetes education in
rural communities.

(JMIR Mhealth Uhealth 2020;8(3):e16683)   doi:10.2196/16683

KEYWORDS

Screening, Brief Intervention, and Referral to Treatment (SBIRT); Hispanic Americans; behavioral economics; rural population;
diabetes; screening

Introduction

Background
Obesity and type 2 diabetes mellitus (T2DM) are becoming the
most prevalent chronic illnesses in the United States and
worldwide [1,2]. In the United States, over 30 million people,
9.4% of the US adult population live with diabetes and 23.8%
of them are undiagnosed [3]. In Texas, 11.2% of the adult
population has been diagnosed with diabetes [4]. Furthermore,
the prevalence of diabetes is 17% higher in rural communities
than urban communities [5], and it has been repeatedly
recognized as the number 3 rural health priority [6,7]. Screening
is essential to identify undiagnosed diabetes, allowing
individuals to access resources to manage their illness.
Screening, Brief Intervention, and Referral to Treatment
(SBIRT) is an evidence-based practice that involves screening
patients using a validated, standardized tool, referral for patients
who need additional services to brief intervention with a health
care professional, and referral to treatment [8]. Traditionally
used to reduce alcohol and illicit drug use, SBIRT and its
benefits can be realized beyond substance abuse, and these have
been applied to undiagnosed hypertension [9] and childhood
obesity [10-12]. For example, Byrne et al [12] demonstrated
that an electronic health screening, a brief intervention, and
referral to treatment within a primary care setting were effective
to engage parents of overweight children in taking preventive
actions. Financial incentives, based on the principles of
behavioral economics, is another strategy that has demonstrated
positive effects on the uptake of lifestyle modification and
disease self-management [13]. Therefore, financial incentives
may play a key role in engaging low-income and minority
patients in changing habitual physical activity and dietary
behaviors and diabetes management skills [14,15]. To the best
of our knowledge, there are no published studies that examine
the use of SBIRT and financial incentives to engage rural
populations in diabetes self-management.

Research has indicated that behavioral healthy lifestyle
interventions that focus on self-monitoring and goal setting are
effective for glycemic control [16,17]. The landmark Look
AHEAD (Action for Health in Diabetes) trial demonstrated that
a lifestyle intervention could achieve clinically significant
weight loss and glucose control in overweight and obese adults
with T2DM [18]. Previous research has documented meaningful
changes in glycemic control and other diabetes-related outcomes
among rural patients who participated in diabetes
self-management programs offered by their primary care
providers in underserved rural communities [19,20]. However,
novel approaches are still needed to increase the uptake of
lifestyle diabetes prevention and management programs in

underserved minority and rural populations [21-24]. A recent
pilot study targeting underserved individuals demonstrated the
positive effects (eg, weight loss) of using mobile versus
paper-based logs for diabetes self-management, indicating that
technology can be integrated into interventions to assist with
self-monitoring [25]. Individuals can learn how to manage their
disease through diabetes education provided by a trained leader.
Diabetes education is also a cost-effective way to deliver training
in self-management behaviors to individuals with T2DM [26].
Although diabetes education can have a significant impact on
these individuals, nearly half of the adults with diabetes in the
United States have not received formal diabetes education [27].

Resources for diabetes self-management are lacking in rural
communities, where the availability of diabetes education
programs is sparse. People from rural areas comprise 18% of
the total US population, but rural areas account for 84% of the
total area in the United States [28]. Although rural populations
comprise a much smaller portion of the US population, as noted
above, the prevalence rate for diabetes is 17% higher in rural
areas compared with nonrural areas [29]. Furthermore, although
there is a higher rate of diabetes in rural populations, there are
fewer medical services available, and those services are more
difficult to access. In particular, southern United States is the
least likely to offer diabetes education [26]. Several studies have
described the disparities that exist between rural and urban
regions, with rural individuals living in medically underserved
areas having older individuals, fewer employment opportunities,
higher rates of underinsured and uninsured, lesser educational
attainment, and being more likely to live in poverty [26,29,30].
Furthermore, even when rural individuals have access to diabetes
self-management programs, participation may be limited because
of the distance and transportation requirements to attend the
group in person [31]. One solution to improve access to diabetes
self-management programs in rural areas is to use technology
to deliver education. Several studies have indicated the
effectiveness of technology and mHealth to reduce barriers to
diabetes self-management and improve health outcomes
[25,31,32].

Study Objectives
This study combined mHealth, SBIRT, and the principles of
behavioral economics to reach adults living in rural areas who
were at risk for, or living with, diabetes. We tested the feasibility
and acceptability of (1) recruiting rural residents to participate
in diabetes screening, (2) motivating rural residents at risk for
diabetes or with diabetes to make lifestyle modifications, and
(3) engaging rural residents and encouraging them to complete
an mHealth diabetes education program using different incentive
plans. The long-term goal of the study is to develop an effective
community-based diabetes education program for resource-poor

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e16683 | p.324http://mhealth.jmir.org/2020/3/e16683/
(page number not for citation purposes)

Yin et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://dx.doi.org/10.2196/16683
http://www.w3.org/Style/XSL
http://www.renderx.com/


rural communities at increased risk for diabetes-related health
disparities. Findings from this study and lessons learned will
guide future health intervention research with rural populations.

Methods

Study Design
This was a two-phased Stage 1 feasibility study according to
the National Institutes of Health’s staged model for the
development of psychosocial and behavioral interventions [33].
Using a mixed methods design, we collected both qualitative
and quantitative data to evaluate the aims of the study. The
study team used Phase 1 of the study (Stage IA) to identify
community partners, develop recruitment plans, and adapt an
integrated diabetes screening and brief intervention and
motivational interviewing to a diabetes education program, with
input from the community stakeholders. During Phase 2 of the
study (Stage IB), we assessed the feasibility and acceptability
of the diabetes education program using a quasi-experimental
pretest and posttest design. The aims of Phase 2 were to gather
data on the rates of study enrollment, recruitment and retention,
delivery of mHealth education content, levels of engagement
with the scheduled activities under either unconditional or
aversion incentive contract, acceptability of and satisfaction
with the diabetes screening and education program, and the
sensitivity of outcomes (weight and glycemic control index) to
the mHealth intervention.

Phase 1 of the Study: Program Development and
Adaptation for Delivery
During Phase 1 of the study, the study team conducted numerous
site visits and successfully identified 2 community hospitals
and a faith-based community nursing program as partners for
conducting free diabetes screening and recruiting study
participants. There was no ongoing program that offered free
diabetes screening or diabetes prevention or management
programs in these communities. On the basis of the information
gathered from the 2 study communities, the study team
developed the pilot version of the diabetes screening and
education program by adapting SBIRT, financial incentives,
and the mHealth diabetes education program from a previous
project. We offered the pilot version of the program to 6
residents recruited from a local community. The participants
completed the diabetes screening and received brief diabetes
education based on their screening results. The study staff also
explained the content of an mHealth education program to the
participants. At the end, the study team conducted a focus group

discussion with the participants to gather their feedback on the
recruitment, procedure of diabetes screening and brief education,
and content and delivery of the mHealth education program.
The study team refined and finalized the intervention and data
collection protocol based on the finding from the focus group
discussion.

Participant Recruitment in Phase 2 of the Study
Study participants lived in 2 rural communities in South Texas
(Community A and Community B). Diabetes screening events
were promoted by distributing recruitment flyers in community
hospitals, in supermarkets, in churches, and at community
events, and announcements were made on local radio stations
and newspapers. To qualify for the study, participants needed
to meet the following criteria: (1) live in a study community,
(2) be 35 years or older, (3) own a smartphone (with a data plan)
or a mobile phone (with an SMS text message plan) and have
internet access via a computer or tablet, (4) complete a diabetes
screening, and (5) be at high risk for diabetes, scoring >5 on
the American Diabetes Association (ADA) diabetes risk test or
A1c level ≥5.8, or have health care provider–diagnosed diabetes.
English language proficiency was not an inclusion criterion.
Residents who did not meet the eligibility criteria only received
diabetes screening and brief education and were not eligible to
receive the study incentive. Residents who met the eligibility
criteria but had low or moderate risk for diabetes or were not
interested in the study received brief health counseling and
health promotion materials. All eligible participants who
completed diabetes screening received a US $25 grocery store
gift card, and participants who completed the mHealth diabetes
education program received up to US $60 in grocery store gift
cards.

Description of the Intervention: Diabetes Screening
and Mobile Health Diabetes Education Program
The intervention was based on the principles of SBIRT and
behavioral economics for program participants who were ready
to commit to lifestyle modification with minimal social and
technical support. The principles of persuasive design were used
to guide the development of the mHealth diabetes education
program that stresses ease of access and motivation [34]. To
shed light on the intervention approach, Figure 1 shows the
conceptual framework that depicts the underlying processes to
engage the study participants. We conducted the Diabetes
Screening and mHealth Education Program following SBIRT
[8] in 3 consecutive steps, which are described in the following
sections.
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Figure 1. Conceptual Framework of the Diabetes Screening and mHealth Education Program.

Step 1: Free Diabetes Screening
The screening was conducted by trained research assistants
either in the 38-foot Mobile Health Laboratory or a large indoor
space within the community. The diabetes screening included
weight assessment and calculation of BMI, resting blood
pressure, blood assay by finger stick for hemoglobin A1c,
high-density lipoprotein cholesterol, total cholesterol, and
glucose. Each screened participant was assessed for the risk of
type 2 diabetes based on the multiple risk factor diabetes
screening and education guidelines of the ADA and the US
Preventive Services Task Force. Low risk was defined as scoring
<5 on the ADA diabetes risk test [35], moderate risk was defined
as scoring 5 on the ADA diabetes risk test, and high risk was
defined as scoring >5 on the ADA diabetes risk test or an A1c

level ≥5.8. Participants with diabetes self-reported diagnosis of

diabetes by a physician. The results of the screening were
recorded on a screening report card. All participants who agreed
to participate in the study were invited to complete a health
needs survey and received a study information sheet. The
institutional review board reviewed and approved all study
protocols.

Step 2: Brief Intervention and Referral to Treatment
The screened residents were divided into 4 groups based on the
results of the diabetes screening and willingness to participate
in the study (Table 1). The study participants in groups 1 and
2 received brief education by trained research staff members (a
certified community health worker or registered dietitian) who
provided an explanation of screening results and brief counseling
on healthy lifestyle behaviors. Each participant was provided
health education brochures on various topics related to general
healthy lifestyle behaviors and diabetes prevention.

Table 1. Grouping of study participants and participant treatment.

IncentivesReferral to treatmentBrief interventionScreening result

No referralBrief education by a communi-
ty health worker (5-10 min)

Group 1: Not meeting eligibil-
ity or not interested in the
study

• US $25 grocery card for participating in
screening

No referralBrief education by a communi-
ty health worker (5-10 min)

Group 2: low-to-medium risk
for diabetes

• US $25 grocery card for participation in
screening

Mobile health Diabetes Educa-
tion Program

Motivational interviewing by
trained research staff (15-30
min)

Group 3: high risk for dia-
betes

• US $25 grocery card for participation in
screening

• Unconditional incentives (US $60) for com-
pleting a diabetes education program

Mobile Health Diabetes Educa-
tion Program

Motivational interviewing by
trained research staff (15-30
min)

Group 4: previously diag-
nosed diabetes

• US $25 grocery card for participation in
screening

• Aversion incentives (up to US $60) for
completing a diabetes education program

The participants in groups 3 and 4 received brief motivational
interviewing based on the Feedback, Responsibility, Advice,
Menu Options, Empathy and Self-Efficacy approach that
includes Feedback regarding demographic and biological risk
for diabetes, emphasis on personal Responsibility and choice,
Advice to change (when appropriate), a Menu of change options,
an Empathetic listening approach, and an emphasis on
Self-efficacy and optimism around change [36]. Research staff

(faculty researchers, registered nursing students, and a registered
dietitian) completed a 5-hour motivational interviewing training
session provided by a clinical psychologist with expertise in
SBIRT and motivational interviewing (MI). Trained research
staff used a personalized screen report to guide the delivery of
the brief MI intervention content. Section 1 of the screen report
provided a health risk profile and associated health consequences
based on the screening results [37]. Section 2 demonstrated the
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risk reduction and improvement of glycemic control based on
the research evidence of lifestyle modifications (weight loss,
diet, and physical activity). Section 3 included a menu of options
for behavior changes and evidence-based strategies [38]. With
facilitation from the research staff, participants identified
behaviors deemed important to them for modification and
selected goals and strategies of lifestyle change, which they
were willing to attempt to adopt for the future. At the end of
the brief motivation interviewing session, participants were
asked to indicate their level of readiness on a scale of 0 to 10
for making lifestyle changes at the present time.

The participants with a readiness score of 5 or higher were asked
if they were willing to complete a 6-week mHealth diabetes
education program. Once the participants agreed to enroll in
the program, a research staff member explained the details of
the mHealth education program and the weekly schedules of
activities. Thereafter, the study participants signed a study
contract to indicate their willingness to participate in the study
and complete the study activities. The content of the study
contract included the following: (1) commitment to follow the
schedule of program activities and (2) agreement to receive a
monetary incentive for following the schedule of program
activities. All participants in community A received a US $60
grocery store card after they signed the contract (unconditional
incentive group). All participants in community B were
promised a grocery store card worth US $60 if they completed
all scheduled activities, reductions would be made for each
scheduled activity that was not completed (aversion incentive
group). Finally, the study participants received an information
packet, which included the mHealth diabetes education program
schedule, the study incentive tracking form (for community B),
and study staff contact information.

Step 3: Delivery of the Mobile Health Diabetes Education
Program
The program was delivered over a 6-week period with a different
topic area for each week (see Table 2). Weekly interactive
lessons were created for the participants to develop lifestyle
modification knowledge and skills based on the National
Diabetes Education Program and best practices for diabetes
self-care [39,40]. We used Articulate Storyline (Articulate
Global Inc) to develop interactive education lessons, with
avatars, problem-solving quizzes, skill-building games, and
embedded video clips to motivate and engage participants. At
the end of each lesson, participants watched a multi-part video
drama of a family dealing with diabetes. Each week, the
participants were asked to complete one physical activity
challenge and one diet challenge out of the 2 to 3 challenges
offered, which were related to the skills presented in the lessons.
Resources relevant to the topic of the week were provided to
participants to further their understanding of the topic. These
included YouTube videos and websites with information on
physical activity, nutrition, and stress reduction. The participants
accessed the content via their smartphone or internet-connected
computers or tablets. Automated SMS text messages were used
to send program reminders and health tips relevant to the topic
of the week. The SMS text messages were delivered to
participants using a reconfigurable SMS text messaging system,
MessageSpace that used the “grouping” logic to define various
cohorts and schedule the delivery of SMS text messages for a
comparative analysis or send group-specific broadcast
messaging, “polling” for collecting responses from participants,
and advanced message history tracking and scheduling to
determine dose/exposure.

Table 2. Mobile Health Diabetes Education Program curriculum.

Resources (review by Sunday)SMS text mes-
sages/polling (review or
respond upon receiving)

Health challenge (to
be completed by Sun-
day)

Diabetes education lesson (to be completed by
Wednesday)

Videos on physical activity; 1 video on dia-
betes risk and consequences; and 1 website
with information on diabetes risk and health
consequences

2 program reminders and
2 daily texts

1 physical activity
challenge and 1 diet
challenge

Week 1: Understanding diabetes and obesity; eating
healthy to manage or prevent obesity and diabetes

Videos on physical activity; 1 video on
healthy eating; and 1 website with informa-
tion on healthy eating strategies

2 program reminders and
2 daily texts

1 physical activity
challenge and 1 diet
challenge

Week 2: Understand what foods go in a healthy
lifestyle; understand portion control and moderation

Videos on physical activity and 1 website
with information on nutrition facts

2 program reminders and
2 daily texts

1 physical activity
challenge and 1 diet
challenge

Week 3: Learning important nutrition terms; learn
how to read a nutrition label; and learn what is
healthy vs unhealthy

Videos on physical activity; 1 website with
information on physical activity

2 program reminders and
2 daily texts

1 physical activity
challenge and 1 diet
challenge

Week 4: Learn what counts as physical activity;
learn how physical activity helps diabetes; choose
an activity that is fun for you; and class stretching
activity

Videos on physical activity; 1 video on de-
pression; 1 website with information on stress
management; 1 breath control exercise video

2 program reminders and
2 daily texts

1 physical activity
challenge and 1 diet
challenge

Week 5: Benefits of stress reduction; recognize
symptoms of depression; how to reduce stress; im-
portance of socializing; how to meet new people;
and benefits of enough sleep

Videos on physical activity; 1 video on dia-
betes management; 1 website with informa-
tion on diabetes self-management

2 program reminders and
2 daily texts

1 physical activity
challenge and 1 diet
challenge

Week 6: Diabetes myths; create a healthy plate for
managing diabetes; and exercise and food for
managing diabetes
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At the beginning of each week (Monday), the participants
received an SMS text message to notify them about the
educational activities for the upcoming week and a link to a
REDCap portal that provided access to all educational content.
An email with the same information was also sent to the
participant’s email address. The participants were asked to
submit a report on the REDCap portal to the research team to
acknowledge the receipt of class activities and report any
technical issues. At the end of each week (Sunday), participants
received an SMS text message to indicate whether they had
completed the activities and encourage them to complete the
activities if they had not done so. If there was no indication of
participation for more than one week, a research staff member
called the participants and asked whether they needed help. The
participants were also encouraged to call the study team if they
needed technical assistance.

After completing the 6-week program, participants received
weekly SMS text messages with health tips for an additional 6
weeks. The study participants returned to participate in a
follow-up screening event (ie, the posttest) at the end of the
3-month study period. They were debriefed on the study and
received additional information on lifestyle modification
strategies and local health resource maps to support their
continued effort of lifestyle change. The participants in the
aversion group also received their grocery card incentive.

Measurement and Evaluation

Evaluation of the Feasibility of Study Implementation
The information used to assess the feasibility of study
implementation included (1) characteristics of the residents
interested in the study, (2) feasibility of recruitment strategies
and participation and retention of study participants, (3)
participant engagement and compliance with the intervention,
(4) fidelity of intervention delivery, (5) standardization of the
intervention protocol, (6) refinement of outcome measurement
and process evaluation protocols, as well as staff training
program, and (7) completion rate of biometric measures.

Evaluation of Acceptability of the Intervention
After completing the follow-up diabetes screening, the
participants were invited to complete an anonymous survey to
obtain their perception of the program benefits, satisfaction with
program activities, and evaluate their confidence to continue
efforts to maintain a healthy lifestyle, and a 15-to-20-min
debriefing interview was conducted with a faculty researcher.

Biometric Data
All participants completed 2 diabetes screenings that included
biometric information at baseline and 3-month follow-up. Data
were collected following a standardized protocol by trained
research assistants in the University of Texas at San Antonio
Mobile Health Laboratory, in a 38-foot customized recreation
vehicle, or within the space provided by the study partners in a
community setting. The protocol was also piloted using both
the Mobile Health Laboratory and indoor space to identify the
most efficient use of space and staff. Height and weight were
measured twice, and participants wore light clothing. BMI (in

kg/m2) was calculated by taking the average of two measures,

which required discrepancies of less than 0.5 kg and 0.5 cm for
weight and height measurements, respectively. Hemoglobin A1c

(A1c) was assessed by using a finger-stick testing machine
(A1CNow+ System, PTS Diagnostics). In a randomized
controlled trial (RCT), BMI for participants at risk for diabetes
and A1c for participants with diabetes would be the primary
outcome measures to assess the efficacy of the intervention
program. Resting systolic and diastolic blood pressure was
measured using an electronic blood pressure monitor after a
5-min rest. Three measures were taken; the two closest measures
were averaged. We did not include the blood pressure data in
the analysis as the testing environment varied from baseline to
follow-up screening.

Data Analysis
Descriptive statistics were calculated for feasibility as well as
demographic and biometric data by community location
(incentive groups) and for the total sample. Furthermore, t tests
(two-tailed) for continuous variables and chi-square tests for
categorical variables were used to determine the demographic
and biometric differences between the incentive groups over
time (baseline to follow-up). Analysis of variance was performed
to test the changes in the biometric data from baseline to
follow-up, controlling for significant demographic covariates
(P>.25). Analyses were performed in SPSS version 23 (IBM
Corp, 2017) and Stata version 14 (Stata Corp, 2017). Content
analysis was used by a faculty researcher to analyze the
participant responses in the follow-up interviews [41].

Results

Phase 2: Study Recruitment and Program Enrollment
The diabetes screening protocol was designed to resemble
diabetes screenings offered in community or worksite health
fairs. The quality of the screening was enhanced by offering a
brief intervention and referral to treatment based on the
screening outcomes. The characteristics of the residents
attending the screening events and the study sample in the 2
study communities are shown in Table 3. The screening goal
was 100 residents who would attend the free screening events.
We conducted 6 screening events in the 2 communities (3 in
community A and 3 in community B), with 98 residents
attending the events. A total of 72 of these residents met the
preliminary eligibility and completed some or all of the diabetes
screening. A total of 62 of the screened residents (28 in
community A, the unconditional incentive group, and 34 in
community B, the aversion incentive group) enrolled in the
mHealth diabetes education program and became study
participants (yield rate of 67.4%). There was no difference in
demographic and biometric variables between screened and
study participants. Over 70% (22/79) of the participants were
female, primarily Hispanic, had a family history of diabetes,
and accessed the internet with a smartphone. A total of 69% of
the participants were 45 years old or older. Less than 6% of the
participants reported speaking Spanish at home or using Spanish
for reading. Over 25% of the participants did not have a primary
care provider. The average A1c was 6.9 (SD 3.4) and 6.5 (SD
2.0) at baseline for the screened participants and study
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participants, respectively. The demographic and health
characteristics of the study participants in community A and
community B were similar, with the exception that the rate of

diagnosed diabetes (P<.01) and BMI (P<.05) were higher in
the latter. Figure 2 shows the flow of the study participants.

Table 3. Characteristics of study sample and screened residents.

Attendants of all events
(n=78)

Total study sample
(n=62)

Aversion incentive
(n=34)

Unconditional incentive (n=28)Variablea

54 (69)45 (73)23 (68)22 (79)Female gender, n (%)

55 (71)46 (74)20 (74)21 (75)Hispanic, n (%)

58 (75)49 (79)29 (85)20 (71)Family history of diabetes, n (%)

14 (18)10 (22)7 (30)3 (14)Gestational diabetes, n (%)

24 (31)17 (27)14 (41)3 (11)Diabetes diagnosisb, n (%)

27 (35)27 (44)15 (44)12 (43)Participated with others, n (%)

73 (94)60 (97)33 (97)27 (96)Owning a cell phone, n (%)

53 (68)46 (74)24 (71)22 (79)Having an email, n (%)

Language spoken at home, n (%)

65 (83)54 (87)29 (85)25 (89)English

4 (5)4 (7)3 (9)1 (4)Spanish

5 (6)2 (3)1 (3)1 (4)Both

0 (0)0 (0)0 (0)0 (0)Other language

Language used for reading, n (%)

65 (83)54 (87)29 (85)25 (89)English

4 (5)4 (7)3 (9)1 (4)Spanish

2 (3)2 (3)1 (3)1 (4)Both

0 (0)0 (0)0 (0)0 (0)Other language

55 (71)46 (74)24 (71)22 (79)Having a primary care provider

52.7 (12)52.6 (11)51.5 (11)53.9 (11)Age (years), mean (SD)

206.7 (49)207.4 (50)216.4 (58)194.8 (33)Weight (lbs), mean (SD)

34.5 (8)34.1 (9)36.6 (8)30.4 (10)BMI (kg/m2)c, mean (SD)

173.3 (47)173.3 (47)165.5 (34)187.9 (64)Total cholesterol, mean (SD)

48.8 (16)48.8 (16)46.8 (16)52.7 (16)High-density lipoprotein, mean
(SD)

6.5 (2)6.9 (3)7.4 (4)6.2 (2)Hemoglobin A1c, mean (SD)

aChi-square test for categorical variables and independent t test for continuous variables for comparison of the treatment groups.
bP<.01.
cP<.05.
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Figure 2. Study Participant Flow.

Phase 2: Participant Engagement and Retention
The mHealth Diabetes Education Program was delivered to the
participants in 4 cohorts starting in late July 2017. Hurricane
Harvey, a Category-4 hurricane (August 17,2017-September 2,
2017) landed on the Texas coastline and caused historic flooding
and interruptions in mobile phone and internet services in South
Texas, including the study communities. During this period, 14
participants dropped out of the study. Although we were not
certain to what extent this inopportune event impacted the
participants’ participation in the mHealth Diabetes Education
Program, the expectation that the study participants would

adhere to the scheduled intervention activities seemed highly
inappropriate. The impact was severe in the later cohorts. This
prevented us from being able to evaluate the effects of the
financial incentives on the participant’s engagement in the
program. To gauge the levels of participation, we tracked the
participants’ responses to the scheduled activities each week as
indicators of intervention compliance. Table 4 shows the number
of weeks (mean 2.5, SD 2.31 weeks, for the total sample) the
participants responded to the intervention activities, which is
measured by a record of a reported participation in at least one
activity from the REDCap portal, a reply to an SMS text
message, or telephone contact with the participant.
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Table 4. Number of weeks the participants responded to the intervention activities by treatment group.

Total sample (N=62)Aversion incentive (n=34)Unconditional incentive (n=28)Number of weeks responded

15 (24)10 (29)5 (18)0, n (%)

47 (76)24 (70)23 (82)≥1, n (%)

40 (65)21 (61)19 (68)≥2, n (%)

34 (55)19 (55)15 (54)≥3, n (%)

28 (45)17 (50)11 (39)≥4, n (%)

23 (37)14 (41)9 (32)≥5, n (%)

13 (21)7 (21)6 (21)≥6, n (%)

2.5 (2.1)2.4 (2.3)2.5 (2.2)Average of 6, mean (SD)

An additional analysis showed that the persons who participated
in the study with relatives or friends (mean 3.2, SD 2.35)
participated more often than those who participated in the study
alone (mean 2.0, SD 1.92; t60=2.17; P<.03). Table 5 shows the
response rate to the intervention activities, indicated by how
many participants participated in the intervention by week. The
average weekly response rate of 4 cohorts was 41.4% for the
total sample. There were no discernible differences by cohort
or between the 2 incentive groups.

The 12-week follow-up screening was planned as a celebration
of program completion and evaluation of progress in lifestyle

modification. In total, 31 of 62 study participants (response rate:
50%) attending the follow-up screening. During the first week
of the follow-up screening, a mass shooting killed 26 adults and
children and wounded 20 others in a church less than 30 miles
away from the 2 study communities. We decided to terminate
the follow-up screening, which seemed inappropriate given the
social and psychological impact of the shooting on the
community. We attributed the low retention rate partly to this
shooting event as well as the occurrence of a hurricane early in
the intervention phase.

Table 5. Response rate to the intervention activities by week by the treatment groups

Total sample (N=62), n (%)Aversion incentive (n=34), n (%)Unconditional incentive (n=28), n (%)Study week

43 (69)24 (71)19 (67)1

25 (40)13 (38)12 (43)2

25 (40)14 (41)11 (39)3

24 (38)11 (32)13 (46)4

20 (32)11 (32)9 (32)5

17 (27)11 (32)6 (21)6

26 (41)14 (41)12 (42)Average of 6 weeks

Feasibility and Acceptance of Diabetes Screening
Protocol in Phase 2 of the Study
The screening protocol was efficient to screen the number of
participants, with a team of 5 trained research assistants for
collecting the biometric data, 2 community health workers for
delivering brief education to low-to-moderate risk residents,
and 2 or 3 trained research staff for motivational interviewing
with high-risk and diabetic participants. The use of the Mobile
Health Laboratory offered a standardized environment to collect
quality data for evaluation of the program’s impact on glycemic
control and body weight. To maintain high reliability and reduce
testing interferences from the surrounding environment and
weather, all biometric data, especially finger-stick tests and
blood pressure, were collected from the Mobile Health
Laboratory.

The completion rate of weight and A1c measurement was 93.5%
at baseline and 93.6% at 12-week follow-up. The main reasons
for missing the weight and A1c were the failure to collect data

from the diabetes screening report and to run the blood assay
using finger-stick tests. Some blood pressure measurements
were not collected. A total of 38% (24/62) of the participants
at baseline did not fast overnight. The completion rate of blood
pressure and lipid measure was less than 70%. As a result, blood
pressure and fasting glucose were not included in the analysis.
There was no adverse event during the screening events. A total
of 5 of 17 (29.4%) participants with A1c ≥6.5 had not been
diagnosed previously as having diabetes and were referred to
treatment at the 2 community hospitals.

Fidelity of Implementation of Diabetes Screening and
Mobile Health Education Program in Phase 2 of the
Study
All program activities were implemented as scheduled by the
research team. The REDCap portal worked effectively in
presenting the program activities to the participants in a
standardized format. There was no report of difficulty in
navigating the content on the REDCap portal. However, the
study participants in their follow-up interviews reported that
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weak smartphone signals and unstable internet download speed
caused difficulty in completing the interactive health lessons
and interrupted their viewing of the videos, and others
complained of not being able to see the content in the REDCap
portal because of formatting issues on their phone. Records
from MessageSpace showed that out of the 85 SMS text
messages delivered, 49% of the participants received all of the
SMS text messages, 43% of the participants received 75% of
the texts, and 8% of the participants received ≤50% of the texts.
Anecdotally, the participants reported difficulty in understanding
the instructions for completing the activities; therefore, they
often did not submit the report on the REDCap portal even if
they had reviewed the content.

Acceptability of Diabetes Screening and Mobile Health
Education Program in Phase 2 of the Study
Table 6 shows the results of the poststudy survey that
participants completed at the follow-up screening. The

participants reported that the program helped them to be more
active than before, eat healthy, and lose weight, with 73.6% to
94.1% of the participants indicating responses from “agree” to
“strongly agree.” The participants reported high levels of
satisfaction with the program content (interactive lessons, SMS
text messages, and videos). They indicated confidence to
continue lifestyle modification with >85% indicating responses
from “agree” to “strongly agree.” Finally, the participants were
asked to indicate if exercising regularly, eating healthy, or losing
weight is now an essential, high, moderate, low, or no priority
activity compared with the beginning of the program. The
majority of the participants indicated that exercising regularly
(73%), eating healthy (74%), and losing weight (77%) had
become essential or high priority (data not shown). Overall, the
participants were least satisfied with the weight loss component
of the program.

Table 6. Poststudy survey of the diabetes education program (n=25).

Disagree/strongly disagree, n (%)Agree, n (%)Strongly agree, n (%)Questions

Please answer these questions as honestly as possible.

3 (12)14 (55)8 (32)Did the eDiabetes Education Program help you to be more physically
active?

2 (9)13 (53)10 (38)Are you still being active with the information from the eDiabetes Ed-
ucation Program?

1 (6)14 (56)10 (38)Did the eDiabetes Education Program help you to eat healthy?

2 (9)15 (59)8 (32)Are you still eating healthy with the information from the eDiabetes
Education Program?

7 (26)12 (50)6 (24)Did the eDiabetes Education Program help you to lose weight?

4 (18)14 (56)7 (27)Are you still trying to lose weight with the information from the eDia-
betes Education Program?

0 (0)17 (68)8 (32)I liked the weekly diabetes education lessons.

1 (6)15 (59)9 (35)I learned how to change my lifestyle with information from the health
education lessons.

1 (3)12 (49)12 (49)I liked the weekly text messages with health tips.

1 (6)15 (60)9 (34)I liked the weekly health challenges.

3 (12)14 (58)8 (30)I liked the YouTube videos on physical activity and diet.

4 (15)13 (55)8 (30)I liked the YouTube videos with information on obesity and diabetes.

Compared with when the eDiabetes Education Program started in the summer...

1 (6)13 (51)11 (43)I am confident that I can continue to exercise regularly

1 (6)14 (54)10 (40)I am confident that I can continue eating healthily

3 (14)11 (43)11 (43)I am confident that I can continue to lose weight

The themes generated from the follow-up interviews with 13
participants are shown in Table 7. The participants perceived
that the program was motivational and had positive effects on
their lifestyle modification effort. Their experience was
negatively influenced by technical issues with slow internet
speed, weak smartphone signals, and lack of Web-based support.
They encountered various nontechnological barriers to complete

the program activities, such as family commitment and work
conflicts. The impact of the hurricane also prevented some from
continuing the program. Respondents stated that the program
could be improved by offering some human interactions with
the participants, improving the interface on REDCap portal to
reduce participant burden, and providing training on “how to
do things.”
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Table 7. Themes of participant interviews and exemplar statements (n=13).

ExemplarsNumber of responsesThemes

38Positive experiences with the program • “I have eaten more fruit than I ever have, watch my soda intake
and eat steamed vegetables. My wife cooks differently now”

• “Changing my diet and walking. Tried to eat more healthy meals.
Helpful to do with the family”

• “I did the challenges. When I first did the challenges, I picked
20 minutes. Now it is nothing. I used to have no energy and now
I do”

19Motivators • “I think if it were not for the texts message, I would have let go
long ago”

• “I knew I wasn’t eating well, I wanted to change my diet and
my husband’s”

• “Starting this motivated me. When I came here [for the initial
screening], my weight was so high!”

20Technological issues • “The video kept freezing. It was really frustrating”
• “When I got the texts, I could not see all of it. It was frustrat-

ing…I was trying so hard”
• “Had it on the phone. More adapted to phone. Had a lot of trouble

with computer”
• “The videos were the least useful… basic and banal…hard to

watch”

10Circumstances undermining the ability to engage
as anticipated

• “The hurricane damaged my home…hard to catch up. I have
custody of my grandchildren. I am always working and tired”

• “At the beginning I tried to do all the challenges, towards the
end I wasn’t. Summer vacation was over, when I went back to
work, I could not do anymore. Beginning of the school year is
a stressful time”

• “This got put on the back burner, I was working fulltime, going
to school, two children, and we were moving”

11Suggestions to improve the program • “Have activities in town, especially for senior citizens. Face-to-
face exercising with a group”

• “Have a more user-friendly way of showing participants what
challenges they have and have not completed”

• “Have people keep a log, food journaling”
• “Improve how we submit our progress online

Sensitivity of the Study Outcome Measures to the
Diabetes Screening and Mobile Health Education
Program
Table 8 displays the unadjusted changes in the study outcomes
from baseline to follow-up between the incentive groups and

the total sample. Overall, all of the outcome measures showed
positive responsiveness to the intervention with a significant
reduction in weight (P<.05) in the total study sample from
baseline to follow-up over a 12-week period (see Table 8).

Table 8. Unadjusted changes of the outcome measures from baseline to follow-up by treatment group and for total study sample.

Total sampleAversion incentiveUnconditional incentiveVariablea

Mean (SD)NMean (SD)nMean (SD)n

–2.64a (6.01)29–1.63 (7.46)16–3.88 (3.44)13Weight (lbs)

–0.12 (1.55)29–0.03 (1.62)16–0.24 (1.53)13BMI (kg/m2)

–14.84 (68.08)19–2.15 (26.44)13–42.33 (116.97)6Total cholesterol

3.89 (11.98)203.45 (7.82)144.71 (18.20)6High-density lipoprotein

–0.30 (1.12)29–0.68 (1.29)160.18 (0.65)13Hemoglobin A1c
b

aThe analysis of variance for comparing the changes between the treatment groups; paired t test for comparing the changes in the total sample from the
baseline to the posttest.
bP<.05.
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Interferences in participants’ responses to the scheduled
activities due to hurricane-related flooding and small sample
size due to low retention made the comparison by the incentive
group not meaningful. Therefore, the effects of the 2 incentive
plans on the outcome measures including a significant reduction
in A1c in community B compared with that in community A
should be interpreted with caution.

Discussion

Principal Findings
Findings from this feasibility study lend support to the
conceptual framework of the intervention and the feasibility
and acceptability of combining SBIRT, the components of
behavioral economics, and an mHealth diabetes education in
underserved rural communities. The protocol for recruitment
and program enrollment was successful in generating the
targeted study sample, but the retention rate can be improved
through the lessons learned. Using both qualitative and
quantitative data, the study demonstrated high levels of
satisfaction and acceptability of free diabetes screening and
brief counseling among the rural residents. In light of numerous
challenges encountered in the delivery of the mHealth content,
participants’ responses to intervention activities were mostly
favorable. The study team gained important insights to address
the barriers and improve the mHealth intervention for this
underserved rural population.

The findings of the study supported the premise and conceptual
framework of the intervention. The participants reported high
levels of satisfaction with the program content as well as
increases in their abilities and priorities to improve physical
activity, diet, and weight loss as a result of the intervention.
Satisfaction with the program and changes in behavioral
intentions are important mediators and moderators of program
effectiveness and are associated with positive behavior change
outcomes [42,43].

It was important to this study to determine the feasibility of
recruiting and engaging rural residents of 2 communities with
largely Hispanic populations into an mHealth diabetes
prevention program. The feasibility of recruitment was
demonstrated by screening 96 residents within the 6 scheduled
recruiting events. Of those screened, 62 enrolled in the study
for an enrollment rate of 65%, which is comparable with other
studies engaging rural Hispanic individuals [28-30]. However,
this study had a low retention rate (50%) compared with a
similar mHealth diabetes intervention conducted with a disparate
population [19]. The high rate of attrition in this study may be
attributed to the ramifications of Hurricane Harvey, which
occurred in August 2017, and the Sutherland Springs shooting,
which occurred within 30 miles of the data collection site, during
the time this pilot study was conducted [31].

Although enrollment rates were sufficient for this two-phase
study, future studies will require higher enrollment and retention
to achieve sufficient power. Research has shown that
word-of-mouth recruitment is an effective method for recruiting
rural Hispanic populations, particularly Spanish-speaking
first-generation immigrants, to participate in research

[44]. Others have also shown that utilizing members of the
community increased the rapport between recruiters and
participants and should be considered as methods to increase
enrollment and retention in future studies [45,46]. Furthermore,
retention may be increased by using community health workers
(CHWs) or promotoras. A CHW or promotora is a frontline
public health worker who is a trusted member and/or has an
unusually close understanding of the community served. This
trusting relationship enables the CHW to serve as a link between
health services and the community to facilitate access to services
and improve the quality and cultural competence of service
delivery [35]. A CHW also builds individual and community
capacity by increasing health knowledge and self-sufficiency
through a range of activities such as outreach, community
education, informal counseling, social support, and advocacy
[35]. Previous studies have demonstrated that retention in
diabetes self-management programs is higher when promotoras
are used compared with lay leaders [8] and that promotoras are
trusted and provide social support in a different way than does
a traditional provider [9]. As our study focused on electronic
communication to engage participants, a hybrid “blended” model
that utilizes CHWs to screen and deliver brief interventions, as
well as provide follow-up throughout the study, has the potential
to increase engagement and retention for the duration of an
mHealth study [36].

The low response rate to the scheduled intervention activities
cannot be fully attributed to differences in incentives in
consideration of the interruptions from the hurricane-related
flooding in the community. Furthermore, programs that
emphasize knowledge acquisition without including behavior
change have proven to be less effective in obtaining positive
outcomes. There is agreement that education in itself does not
lead to behavior change, as there are many factors both internal
and external to an individual that lead to changes in health
behaviors [10]. For example, goal setting has led to the
attainment of behavior change goals for individuals with
diabetes [11], and interventions focused on self-management
that include both education and behavior change techniques
have proved to lead to improvements in health outcomes, such
as weight loss in individuals with diabetes [19]. Social support
has been identified as a critical factor in mHealth interventions
[19]. In this study, participants who enrolled in the program
with a friend or family member had a higher response rate
compared with those who participated alone. As such, to
successfully change behaviors and obtain health outcomes, it
will be necessary in future studies to focus on multiple factors
that lead to behavior adoption and maintenance.

Limitations
There are several limitations that should be considered when
interpreting the findings of this project. First, we collected data
from a convenience sample and the findings may not generalize
to adult residents of rural areas in the United States. Second,
we did not collect process data to examine the usability of the
platform delivering the intervention content, which could
provide information on the participant’s acceptability of the
intervention [47] Third, study participants’ health insurance
status was not collected, this information could have
strengthened the study findings and better informed the targeted

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e16683 | p.334http://mhealth.jmir.org/2020/3/e16683/
(page number not for citation purposes)

Yin et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


intervention based on insurance status in the future. Fourth, due
to the exploratory nature of this project and the focus of the
study on feasibility and acceptability, the statistical findings
need to be interpreted with caution. Additionally, we had high
attrition between the 2 time points in part due to 2 local disasters
during the study period. Interpretations of study findings need
to consider the impact of these 2 local disasters.

Conclusions
This pilot study demonstrated strong feasibility in recruiting
rural patients with diabetes and delivering a technology-based

lifestyle intervention, despite numerous challenges. The
acceptability of the program was high. The participants
perceived the program was motivational and had positive effects
on their lifestyle modification effort. The feasibility and
acceptability information collected from this mixed methods
study generated meaningful insights for planning a large scale
RCT of this intervention and suggested adding a human touch,
for example, through CHWs. Future studies should examine
the mechanisms of the mHealth intervention that influence the
outcomes in diabetes control in this underserved rural diabetes
population.
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Abstract

Background: Promotion of physical activity, healthy eating, adequate sleep, and reduced sedentary behavior in adolescents is
a major priority globally given the current increase in population health challenges of noncommunicable diseases and risk factors
such as obesity. Adolescents are highly engaged with mobile technology, but the challenge is to engage them with mobile health
(mHealth) technology. Recent innovations in mobile technology provide opportunities to promote a healthy lifestyle in adolescents.
An increasingly utilized approach to facilitate increased engagement with mHealth technology is to involve potential users in the
creation of the technology.
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Objective: This study aimed to describe the process of and findings from co-designing and prototyping components of the
PEGASO Fit for Future (F4F) mHealth intervention for adolescents from different cultural backgrounds.

Methods: A total of 74 adolescents aged 13 to 16 years from Spain, Italy, and the United Kingdom participated in the co-design
of the PEGASO F4F technology. In 3 iterative cycles over 12 months, participants were involved in the co-design, refinement,
and feasibility testing of a system consisting of diverse mobile apps with a variety of functions and facilities to encourage healthy
weight–promoting behaviors. In the first iteration, participants attended a single workshop session and were presented with
mock-ups or early-version prototypes of different apps for user requirements assessment and review. During the second iteration,
prototypes of all apps were tested by participants for 1 week at home or school. In the third iteration, further developed prototypes
were tested for 2 weeks. Participants’ user experience feedback and development ideas were collected through focus groups and
completion of questionnaires.

Results: For the PEGASO F4F technology to be motivating and engaging, participants suggested that it should (1) allow
personalization of the interface, (2) have age-appropriate and easy-to-understand language (of icons, labels, instructions, and
notifications), (3) provide easily accessible tutorials on how to use the app or navigate through a game, (4) present a clear purpose
and end goal, (5) have an appealing and self-explanatory reward system, (6) offer variation in gamified activities within apps and
the serious game, and (7) allow to seek peer support and connect with peers for competitive activities within the technology.

Conclusions: Incorporating adolescents’preferences, the PEGASO F4F technology combines the functions of a self-monitoring,
entertainment, advisory, and social support tool. This was the first study demonstrating that it is possible to develop a complex
mobile phone-based technological system applying the principles of co-design to mHealth technology with adolescents across 3
countries. The findings from this study informed the development of an mHealth system for healthy weight promotion to be tested
in a controlled multinational pilot trial.

(JMIR Mhealth Uhealth 2020;8(3):e14118)   doi:10.2196/14118

KEYWORDS

health behavior; obesity; co-design; mHealth; mobile app; mobile phone; adolescents; youth; focus groups

Introduction

Background
Innovations in mobile technology for health (mobile health
[mHealth]) provide a novel opportunity for combating child
and youth overweight and obesity by promoting behavior change
for increased physical activity, reduced sitting time, and healthy
eating habits [1]. Recent developments of mobile technology
provide personalized, continuous, and context-aware feedback
on behavior, which is suggested to be a critical component for
health behavior change and potentially increases adherence
[2-4]. Integrating game design elements in existing intervention
approaches (so-called gamification) and using educational games
(ie, serious games) to improve health-related behavioral
outcomes appear to be effective in young people [5,6]. However,
in the context of promoting a healthy lifestyle among young
people, more research efforts need to be directed to successfully
promoting adequate engagement with these apps as high levels
of disengagement with mHealth technology have been reported
[7]. This long-term disengagement will result in nonadoption
and eventual abandonment of the technology by intended users
[8]. Although young people are becoming more interested in
using commercial mobile apps for their health [9], engagement
with evidence-based mHealth interventions is low. For example,
adolescents participating in a 12-week mobile phone-assisted
healthy weight intervention monitored their meals on only 16.6%
of available days and tracked at least 30 min of physical activity
on only 4.6% of available days [10]. In an 11-week randomized
controlled trial for testing a mindfulness app for improving
weight-related behaviors, only 14% (5/34) of young adults
accessed the content regularly, 61% (21/34) used the app
periodically and 23% (8/34) did not engage with the app [11].

This literature exemplifies the challenges and complexity of
developing and implementing a successful mHealth intervention.
The need and potential benefit of the intervention may be clear,
but the initial uptake and long-term use will be contingent on
the technology’s ability to eliminate barriers to engagement via
integrating and adapting to real-world complexity [8].

One way of tackling disengagement is the user-centered design
(UCD) approach, which puts the user, with their needs, desires,
and limitations at the center of the design process. The value
of this approach is now well recognized, and as such, to improve
engagement and uptake of mHealth by young people, they are
increasingly being involved in the creation of these technologies.
Co-design refers to the collective “creativity of designers and
people not trained in design working together in the design
development process” [12]. Co-design is an approach that is a
subdiscipline of participatory design and can be integrated into
a UCD process, ensuring that end users are provided with
opportunities to express what they want from a product or
service. This can be achieved using qualitative and design
methodologies that are tailored to the specific user group in
question. Co-design provides designers with the right tools to
elicit reliable user requirements and subsequently develop
systems that better meet user needs and improve user experience
[13]. The importance of implementing this approach and
involving multiple stakeholders in the development of mHealth
interventions has been demonstrated in the literature supporting
mHealth for nutrition management and in its specific application
in co-design with young people [14-16].

Objectives
Recognizing the potential of mHealth as an efficient tool for
health behavior change in young people and the need for
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adequate engagement with the technology, the PEGASO Fit for
Future (F4F) project aimed to develop a multidimensional
interdisciplinary system placing the target population in the
center of development process. The PEGASO F4F system
exploited sophisticated game mechanics aiming to motivate
behavioral changes toward a healthier lifestyle and prevention
of youth obesity. The 3 main features of the PEGASO F4F
system were: (1) individual and environmental monitoring,
including wearable sensors, mobile phones, and multimedia
diaries for the acquisition of physical, physiological, and
behavioral attributes of participants; (2) feedback to the user,
presenting personalized healthy options for alternative lifestyles;
and (3) social connectivity and engagement, encouraging
involvement in social network and sharing experiences [17].
The PEGASO F4F system was intended to function on its own
and was not part of a wider nondigital healthy weight–promotion
initiative or intervention. The entire PEGASO F4F system
comprised 8 connected technological components; however,
the focus of this paper was to report on the development of 3
system components. The development and content of the
remaining components were described elsewhere [18]. All
system components were intended to function in conjunction
with each other rather than as a standalone application.

The development of the PEGASO F4F system was aligned to
the Integrate, Design, Assess, and Share framework for the
development of digital technology for health behavior change
[19]. The framework consists of 10 phases: (1) empathize with
target users, (2) specify target behavior, (3) ground in behavioral

theory, (4) ideate implementation strategies, (5) prototype
potential products, (6) gather user feedback, (7) build a
minimum viable product, (8) pilot test to assess potential
efficacy and usability, (9) evaluate efficacy in a randomized
controlled trial, and (10) share intervention and findings. Phases
1 to 4 of the PEGASO F4F project were described elsewhere
[20,21].

Phases 5 to 7 are the focus of this paper. Therefore, the aim of
this study was to describe the process and findings of
co-designing and prototyping potential components of the
PEGASO F4F mHealth intervention and building a minimum
viable product before testing the feasibility and piloting the
PEGASO F4F system in a controlled multicenter intervention
study (phase 8). Phases 1 to 8 were funded by the European
Commission under the Seventh Framework Programme between
2014 and 2017. The research presented in this paper took place
between 2015 and 2016.

Methods

Study Design
PEGASO F4F was a European multicenter project. Co-design
and development of the technology took place in 3 iterative
stages in the United Kingdom (England and Scotland), Italy
(Lombardia), and Spain (Catalonia). Table 1 summarizes the
specific objectives for the PEGASO F4F apps and serious game.
The objectives of subsequent iterations were influenced by the
findings and the co-design progress of the previous iteration.

Table 1. Objectives for each co-design phase.

Third iterationSecond iterationFirst iterationSystem component

Assessment of usability, intuitiveness,
and satisfaction; testing of functionali-
ties

Assessment of usability and satisfaction;
testing of automatic functionalities, user
data entry functionalities

Assessment of usability and satisfaction,
comparison of 2 different prototypes
with different interaction layers

Apps

Assessment of user needs, usability,
and acceptance of the game mechanics;
enjoyment, intuitiveness, and playtime

Assessment of user needs, usability, and
acceptance of the game mechanics

Assessment of user needs and acceptance
of the visual and graphical content

Serious game

Participant Recruitment and Study Setting
Male and female adolescents in Spain, Italy, England, and
Scotland between the ages of 13 and 16 years were invited
through their schools to participate in this study. Convenience
sampling was employed for selecting schools. However, schools
located in both urban and rural areas and from areas of high and
lower deprivation were recruited. Participants were expected
to be technologically savvy, that is, with experiences, interest,
and ability in using technological devices. This information was
based on participants’ self-belief about their interest in and
experience with technology. Adolescents whose English
language skills did not allow for understanding of the study
material were excluded from this study as, for practical reasons,
all mock-up and prototype material was available in English
language only. In 3 of the 4 study sites, different adolescents
were recruited for each iterative stage to ensure the results are
generalizable to the general adolescent population. Written study
information was provided and written informed consent obtained
from the participants directly (Scotland) or from their parents

(England, Spain, and Italy). All 3 iterative stages of the
technology co-design process were approved by the research
ethics committees from the responsible institution in each
country: England (Faculty of Engineering Ethics Committee,
The University of Nottingham), Scotland (National Health
Service South East Scotland Research Ethics Committee
16/SS/0163), Spain (Ethics Committee of Institut Universitari
d’Investigació en Atenció Primària Jordi Gol), and Italy (Istituto
di Ricovero e Cura a Carattere Scientifico Policlinico of Milan
Ethics Committee).

Concepts of the PEGASO Fit for Future System
Components
The development of the PEGASO F4F system was guided by
4 behavioral and theoretical frameworks to raise participants’
awareness about their health behavior and tailor adequate actions
for behavior change, namely the Behavior Change Wheel [22],
positive psychology [23], self-determination theory [24], and
nudging theory [25]. In all, 2 different persuasive
mechanisms—gamification and serious gaming—were proposed

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e14118 | p.341https://mhealth.jmir.org/2020/3/e14118
(page number not for citation purposes)

Martin et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


to allow the participant to engage with the technology while
integrating strategies for behavior change [26].

Initial design ideas were derived from the literature and 3 focus
groups with 27 young people aged 13 to 15 years [18]. The
focus groups explored how young people interact with
technology and their preferences for doing so in relation to
promoting physical activity and healthy eating, thus informing
the prototypes and mock-ups developed for iteration 1 of this
study [18].

The entire PEGASO F4F system comprised 8 technological
components; however, the focus of this paper was to report on
the development of the Companion app, the serious game, and
the eDiary app.

Description of PEGASO Fit for Future System
Components

Companion App
The objective of the Companion app was to encompass all other
PEGASO F4F apps providing a seamless and unique experience
to the user. The Companion app was intended to be the app
through which the user could engage with all other PEGASO
F4F system components. Therefore, users would open one app
that in turn contained a suite of functionalities, some of which
would be complex apps such as the eDiary and serious game.
In addition, the Companion app was intended to make an active
lifestyle more attractive, to support users to eat healthier, and
to connect users with their peers. To achieve this, notification
messages were proposed as a mechanism to facilitate the 3 main
functions of the app [27]. The notifications had the potential to
be motivational, educational, or acted as reminders to engage
with other components of the PEGASO F4F system. For
example, notifications reminded the user to enter food items to
select a challenge or to nominate a friend for peer support. The
challenge component of the Companion app allowed the users
to create and accept different types of challenges relating to
physical activity and healthy eating. This app offered the
opportunity for participants to challenge themselves and other
users in a competitive or collaborative way. Previous literature
indicated that collaboration and competition can both be
beneficial for promoting motivation [28]. The Companion App
also included a reward section dedicated to the badges enabling
users to unlock new app content and achieve specific goals by
using 1 or multiple PEGASO F4F apps and performing the
suggested activities. Badges performed multiple functions in
congratulating the user on achievements and promoting the
social experience of PEGASO F4F through the sharing of
badges. This gamification element was intended to generate fun
while motivating users to perform specific tasks as part of their
interventions.

Serious Game
Using a postapocalyptic zombie narrative, the serious game
aimed to be the motivational component of PEGASO F4F. It
needed to be immersive and engaging for the player, while
utilizing the PEGASO F4F system to capture information about
lifestyle and encourage maintenance or change of health
behaviors. In all, 2 central behavioral mechanisms were
envisioned: (1) utilizing behavioral theories of
self-determination and nudging, an energy bar indicated the
change in energy available for playing the game—the player’s
actions in the game reduce energy, whereas achieving real-life
behavioral goals such as increased physical activity or improved
diet would increase the available energy to play the game, and
(2) the game implements research mechanics that require the
player to apply and develop their nutritional knowledge of
various food sources by playing minigames. Minigames were
short games embedded within the overall game environment
creating opportunities to gain knowledge on food and develop
new nutrition-related skills. In the final version of PEGASO
F4F, progress within the serious game would be contingent on
the physical activity levels of the participant, as measured by
the wearable sensors integrated into the system.

eDiary App
The objective of the eDiary app was to enable the user to enter
information about their usual diet and to provide feedback about
healthy eating habits. This app could also provide suggestions
to the user on how to improve their dietary habits (eg, increasing
or reducing certain food groups and recipes). Informed by
literature, researchers with specialist expertise in nutrition,
proposed to focus the content of the eDiary app on 6 target
behaviors: increased consumption of fruit, increased
consumption of vegetables, reduced intake of fast food, reduced
intake of sugar-sweetened beverages, healthy snacking, and
reduced breakfast skipping. Those behaviors have been selected
because of their relevance in obesity prevention and their ability
to be modified and measured [29]. The eDiary app allowed the
user to select behavioral goals for one of the 6 target behaviors.
Users also received automated feedback on the diversity (ie,
degree of variation of the diet) and balance (ie, adequacy of
food servings relative to recommendations) of the consumed
food.

Co-Design and Technology Development Procedures
The activities, objectives, and duration of each co-design
iteration varied depending on the development stage of each
PEGASO F4F component. Table 2 summarizes the
characteristics of the 3 co-design iterations.
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Table 2. Components and development stages of the PEGASO Fit for Future Companion app, eDiary app, and serious game.

Third iterationSecond iterationFirst iterationStages of system development

——aCompanion app and serious gameMock-up

—Companion app and serious gameeDiary appPrototype 1.0

Companion app and serious gameeDiary app—Prototype 2.0

eDiary app——Prototype 3.0

Partially integrated system compo-
nents

Separate, not integrated system compo-
nents

Separate, not integrated system compo-
nents

Integration status

aProgress in development of system components leads to empty cells.

To allow adolescents from a wide range of socioeconomic
backgrounds to participate in this study, mobile phone handsets
with Android OS version 5.0 (and higher) were provided to
participants for the duration of the study.

In the first iteration, participants attended a single workshop
session in which they were shown screenshots of the serious
game and the Companion app. Participants were presented with
the first prototype of the eDiary app, and they were asked to
carry out 2 tasks to assess the usability of the app and examine
how young people engaged with the early prototype. Task 1
was to modify the entry of a meal, and task 2 was to ask for
dietary feedback based on the inserted example meals (example
meal plans were provided by the researchers).

During the second iteration, prototypes of both apps and the
serious game were trialed on a daily basis for 1 week in the
home and school context. The data from the wearable activity
monitors were not yet integrated into the serious game because
of parallel development work streams. This meant that the
serious game was initially tested with in-game progression being
dependent on time rather than the physical activity levels of the
participant. Future prototype testing (outside the scope of this
study) would see the gatekeeping mechanism to in-games
progression regarding energy levels and accessing new game
content being driven by the participants activity levels as
measured by the wearable sensors. For this iteration, energy

within the game increased slowly over time. This served the
purpose of testing if adolescents could be encouraged to engage
in short daily game sessions rather than prolonged single-game
sessions.

In the third and final stage of the co-design phase, the eDiary
and serious game apps were integrated within the Companion
app (Table 2). For this iteration, progression in the serious game
was based on the player’s physical activity captured by the
accelerometer in the mobile phone. Participants of the third
co-design iteration tested the PEGASO F4F components for 2
weeks.

Data Collection and Analysis
Table 3 summarizes the data collection methods for gathering
participants’ feedback for each tested PEGASO F4F system
component. A mixed method co-design approach was chosen
to collect as much feedback in breadth and depth as possible to
inform the development of the PEGASO F4F system. In
addition, 2 experienced researchers were present during all the
workshop and focus group sessions. One researcher was
moderating the session and another was allocated to make notes,
keep track of the time, and make observations. Although the
system components were only available in English, all workshop
activities and questionnaires were conducted in the local
language.

Table 3. Data collection methods used for each PEGASO component at each iteration.

Third iterationSecond iterationFirst iterationData collection method

eDiary app, Companion app, and
serious game

eDiary app, Companion app, and seri-
ous game

eDiary app and serious gameFocus groups

eDiary app, Companion app, and
serious game

eDiary app and serious game—aSystem Usability Scale

Survey on game useBrief Use of App questionnaire and
survey on game use

App design questionnaire and character
design worksheet

Other

aNot applicable.

Design Activities
A character sketchbook with many different proposals for the
avatars, icons, and other design elements was provided by
developers as a resource for participants to review and develop
the Companion and eDiary apps (Multimedia Appendix 1). Vote
counting determined the most preferred design.

Focus Groups
Focus groups were conducted at all 4 test sites in the local
languages and at school and were facilitated by local
postdoctoral researchers with a background in behavioral
sciences or human-computer interaction (HCI). Facilitators were
both male and female in Scotland, Spain, and Italy and all female
in England and were not directly involved in the development
of the PEGASO F4F software. The focus group topic guides
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for all 3 iterations can be found in Multimedia Appendix 2
(English-language version only). Focus groups lasted between
60 and 90 min in each iteration, and they were voice or video
recorded, transcribed, and thematically analyzed at each study
site. Weight of opinion (in terms of number of participants
agreeing) was used to make decisions regarding the design,
look, and feel or the apps and serious game. Similarities and
differences in participants’ views between study sites were
identified using thematic analysis, whereby similar feedback
across the sites was considered for incorporation in the
technology development.

Questionnaires
For the development of the Companion app, eDiary app, and
serious game, participants were asked to complete 5
questionnaires over the course of the 3 iterative circles (Table
3).

Participants were asked to complete the System Usability Scale
(SUS [30]) to determine participants’ subjective rating of the
usability of the apps and the serious game. The SUS index was
calculated using the standard conversion method [30,31], with
scores above 70 indicating acceptable usability, scores between
50 and 70 suggesting marginal usability, and scores below 50

reflecting poor or unacceptable usability [31]. The questionnaire
data were entered in to Microsoft Excel and IBM SPSS software
(version 21), descriptive summary statistics calculated.

The Brief Use of App Questionnaire (Multimedia Appendix 3)
was developed by the research team and included closed and
open-ended questions. It consisted of 7 questions relating to the
Companion App, of which 3 questions aimed to obtain
information on participants’ preferences about the challenges,
and 4 questions related to the use of the eDiary app.

The Survey on Game Use was also researcher derived and
consisted of 4 questions to determine (1) how long participants
played the game during a week, (2) when and where they played
the game, (3) whether and with whom they talked about the
game, and (4) suggestions for the next version of the serious
game.

Results

Participant Characteristics
A total of 74 adolescents aged between 13 and 16 years
participated in the co-design of the PEGASO F4F technology.
The number of participants varied between the 4 study sites and
between the 3 iterations (Table 4).

Table 4. Participant characteristics for each study site and co-design iteration.

Third iterationSecond iterationFirst iterationParticipant characteristics

Participants, n

1098-10aSpain

10b10b16bEngland

10d,e7-12c,d9-10aItaly

58-911Scotland

Sex (males:females)

5:55:47:3, 2:6Spain

3:77:36:9England

4:46:66:4, 2:7Italy

3:25:46:5Scotland

a10 participants tested the serious game and 8-9 tested the companion and eDiary apps.
b1 participant took part in all 3 iterations, 1 participant took part in the first and second iterations, and 4 participants took part in the second and third
iterations.
cThe number of completed questionnaires varied for different apps.
dThe same participants took part in the second and third iterations.
e10 participants tested the apps.

Participant Feedback and Design Ideas

Companion App
Feedback from the first iteration suggested that the concept of
the Companion app was perceived positively and was well
accepted by all participants. Participants understood the
importance of a central personalized platform to introduce them
to the wider PEGASO F4F system. Participants suggested
alternative design options for two out of six icons of the
Companion app, provided feedback with regards to a PEGASO

mascot and a Companion app avatar (Table 5). All participants
responded positively to the use of emoticons but suggested the
adoption of existing libraries (eg, WhatsApp). The concept of
data sharing was an important topic for which participants had
clear views. Participants suggested that sharing of the full name
and a profile was appropriate at all times. However, data on
eating habits should not be shared with peers at any point. As
a default, this was agreed, with the addition of modifiable
settings that were controlled by the user to share this information
but only when and with whom they wanted.
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Participants who tested the next version of the Companion app
in the third iteration of the study (Figure 1), correctly understood
the key functions and reported that it was easy to use. They
found it visually attractive, helpful, and usable. The average
SUS scores indicated marginally acceptable usability of the app
in Italy 63.0 (SD 15.1), Scotland 60.0 (SD 17.3), and England
63.3 (SD 36.2) and poor acceptability in Spain 43.7 (SD 4.2).
Participants reported that the Companion app was useful as a
single app portal for all PEGASO F4F components. However,
some of the participants accessed other PEGASO F4F apps
bypassing the Companion app. Other participants did not realize
that it was possible to collect points and rewards by using the
Companion app. Participants of the third iteration liked the idea
of being able to set progressive challenges and their own goals,
broadening the variety of challenges and sorting them by areas
such as sports or eating. Checking personal progress was
considered as motivating for engagement in a healthy lifestyle.
They also suggested getting real-life rewards for every challenge
met, for example, using social media for setting challenges,
where invitations to sport events could be sent and shared.

When using the first prototype of the Companion app in the
second iteration, participants experienced difficulties in logging

on and in getting the app running. Once it was in operation,
participants used the app several times a week and found it easy
to use. Participants liked receiving notification messages but
expressed concerns about the number and timing of incoming
messages (Table 5). For example, adding dietary information
to the app while being in class. Participants liked the messages
to be short and cheerful in tone, aiming to motivate and provide
reminders. Regarding the feedback on health behavior change,
most of the participants said that being rewarded with medals
that were visible to friends would be seen in a positive way as
being motivating to them. The iterative co-design of the visual
elements of the interface meant that participants liked the
aesthetics of the Companion app; they found the layout was
easy to navigate and was easy to read. Most participants found
that the amount of information and arrangement on the screens
was logical, with clear sequencing of the screens and a
predictable ordering of what the next screen advancement would
be, suggesting that the early app development complied with
the HCI usability principles of visibility of system status and
match between system and real world and positive aesthetic
experience [32]. Participants liked the idea of being able to set
challenges for their friends, compete with each other, and share
the results.
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Table 5. Participants’ co-design output and implemented solution for each PEGASO Fit for Future system component.

Implemented solutionsComponent and participant feedback

Companion app

The Challenge icon was changed.Not understanding the meaning of the Health Square app icon and Challenge icon;
alternative icon design suggested.

A Mascot was added based on the design selected by the ma-
jority of participants.

Liked the idea of having a mascot and selected a favorite design.

Avatars were added based on selected design.Having a customizable avatar.

Sharing of information was limited with control on whether
sharing and when.

Not wanting to share data around eating habits.

Incremental challenges implemented.Some challenges were difficult, and some were easy; suggested to include incre-
mental challenges.

Leader board was added.Participants suggested to include a leader board as they would be more motivated
to engage in health behaviors when seeing their friends’ performance.

The number of notifications was fixed to 2/4 messages per
day.

Did not like to receive too many notifications or messages.

Notifications timed to be released to later in the day (after
school).

Frustration when receiving notification when it is not possible to respond; suggest-
ed to receive notifications in after-school hours.

Tutorial messages implemented.Needing a tutorial or guidance for use of the app.

Added a tutorial message and an explanation in the Points
section.

Participants did not realize that it was possible to collect points and rewards.

Bypassing the Companion app to access other PEGASO F4F
apps will not be possible as soon as all remaining PEGASO
F4F system services are integrated.

Bypassing the companion app to use other PEGASO F4F apps.

Serious game

A video introduction and tutorial were created.Did not understand the story narrative of the story; suggested to add a tutorial on
what the game is about.

New locations were added. The number of locations increased
from 1 to 4.

The game world is too easy to explore (suggested to provide further dynamism
and complexity; specific design ideas for environments or locations provided).

2 additional minigames were included (scavenging and re-
search).

Repeating the same minigame was boring.

Leader board was implemented.No ranks and competitive elements; suggested to include a leader board.

The possibility to unlock (in different levels) new zombies,
new environments, and new abilities were added.

Some participants noted they were progressing to higher levels, but they did not
notice clear differences between the levels; suggested to add new type of zombies,
environments, and abilities (specific ideas provided) with each level.

Music and audio effects were added to increase engagement.Suggested to add audio features and sounds.

Fit coins to be used in other sections in the Companion app
were introduced.

Feeling that actions in the game had no concrete relationship to the Companion
app; suggested to gain coins that can be used in other parts of the PEGASO F4F
system.

eDiary app

A help function in form of a question mark icon was added
to provide guidance for the food input.

It was difficult for adolescents to understand the servings and food included in a
group; suggested to include a tutorial.

Implemented the icon interface instead of the one based on
food images.

Preference of symbolic food icon over food images.

Some food icons (eg, fried food, soft drink, Asian food, and
snacks) were redesigned following participants’ suggestions.

Some icons were difficult to be interpreted; alternative images were suggested.

Design preference implemented.Selected a favorite design for the graphical feedback on diet.

“Equilibrium” changed to “balance.”Not understanding the meaning of “equilibrium.”

Explanation of the indexes added.Not understanding the meaning of the “diversity” and “balance.”

Generic recommendations were shown in the News Stream
and personalized recommendations were implemented in the
eDiary.

Wanting suggestions on how to improve their diet.
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Implemented solutionsComponent and participant feedback

Tutorial cards as instructions and improved help text added.More instructions were needed.

Food groups were restructured adding new icons. For example,
the food groups fast food and snacks were represented in more
detailed food icons for “Burger,” “Oriental,” “Chicken,”
“Pizza,” “Salty,” “Bakery,” “Sweets & Dessert.”

Participants proposed to increase the number of food groups and suggested alter-
native food groups.

This was not implemented because of lack of resources.Preference of receiving advice on which foods should be eaten if a person has
food allergies or intolerances.

Figure 1. Screenshot of the PEGASO Fit For Future Companion app presented at the third iteration.

Serious Game
Based on the feedback from the first iteration, participants were
positive about the main idea of the game, mainly because of the
novelty of the topic and the setting of the game. They liked the
idea that they needed to move and to spend energy in real life
to gain more energy in the game, a concept which was only
tested in the third iteration (see Multimedia Appendix 4).
Participants felt that the game was suitable for a mobile phone.
On the basis of the mock-up presentation, it became evident
that some aesthetic elements should be improved, but the icons
and the images were understandable in general. There was a
lack of consensus regarding the graphics of the game: some
participants preferred the cartoon style of game characters and
others the realistic and more sophisticated look of characters.
Participants suggested that they could be more engaged with
the game if they could interact with other players. They said
that they would prefer to customize their avatar (eg, gender,
physical appearance, armor, and weapons), to choose their
attributes, and to increase skills during the game.

Most of the participants played the serious game between 1 and
3 hours during the weeklong second iteration of this study.
Participants played the game in a variety of locations and most
of them at home, indicating that the game was usable and

acceptable in the daily context of young people’s lives. The
suggested features that they wanted to see in the next version
of the game included (1) more worlds to explore, (2) more types
of zombies and characters, and (3) rewards for healthy
real-world actions. Some participants asked for tutorials and
help during the game because it was unclear how the game
worked and what the aim of the game was. Regarding the game
play mechanics, most of the participants felt the daytime activity
of finding foods was boring. They suggested adding missions
or other game features, such as exploring the inside of the
buildings or driving cars. Participants asked for a variety of
weapons, more variety of in-game characters, ways to fight
zombies, and ways to increase their character abilities. Some
participants did not understand how to play the minigame and
what to do with the recipe cards. The participants felt that they
needed more instructions on how to do different aspects of the
serious game. The usability of the game using the SUS scale
was rated as marginally usable by participants in Spain (mean
67.8, SD 18.2), Italy (mean 62.8, SD 10.8), and Scotland (mean
66.8, SD 17.1). However, participants in England rated the game
as having poor usability (mean 20.3, SD 12.0).

Most of the participants of the third iteration of this study liked
the concept of the game and said that the controls were easy to
use. However, they found that the controls reacted too slowly,
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and the game was considered repetitive with a lack of
progression or a clear end goal. Some participants noted
progressing to higher levels in the game, but they did not notice
a clear difference between levels. The need of a tutorial within
the game was expressed again to understand the aim of the game
and minigames and how to play them. The written manual
provided in response to feedback of the second iteration did not
offer adequate assistance to participants of the third iteration.
Participants also suggested including different scenarios, more
activities, and a clear goal or different minigoals that can be
unlocked after gaining points. In addition, participants suggested
having different settings that could change as the player
progressed through the game as a way of reducing repetitiveness.
The revised minigames were perceived as visually attractive
and usable. However, the participants did not welcome repeating
the same minigame, and they suggested having additional
minigames. Perceptions about the usability of the game using
the SUS were mixed across countries. The serious game reached
acceptable usability in England (mean 75.0, SD 6.4), marginal
usability in Italy (mean 54.3, SD 12.2) and Scotland (mean 57.5,
SD 21.1), and poor usability in Spain (mean 45.3, SD 14.1).

eDiary App
The idea of the eDiary app was welcomed by females more than
males after testing the first prototype of the app in the first
iteration of this study. Participants expressed that they would
like a tool that is able to collect information about nutritional
contents of foods and beverages, to indicate daily dietary
balance, and to advice on which foods should be eaten if a
person has food allergies or intolerances. The initial food icon
designs were well understood by most participants; however,
where there was confusion or low satisfaction with the proposed
designs, the co-design process enabled participants to offer
changes and suggested icons to improve clarity. Participants
also expressed their preference of the design of the graphical
feedback display. Participants said that they preferred a user
interface that was more symbolic rather than displaying photos
of food items. Several participants proposed to increase the
number of food groups and to reduce the number of foods
included in each food group. Participants liked the idea of
receiving feedback on how balanced their daily diet was.

During the second iteration, all participants used the eDiary
app, and generally, females were more willing to use this app
regularly than males. All the participants noted that the food
groups were too limited and sometimes did not fit with the
information that participants wanted to enter and felt that the
food groups should be better explained. Participants noted that
entering information on food consumed was difficult at times,
leading to frequent mistakes that were difficult to erase; thereby,
indicating that the system did not enable users to recognize,
diagnose, and recover from errors as is recommended in the
HCI literature [32]. Moreover, participants did not like the
negative feedback when the food intake was not healthy. They
suggested the app should tell them how to improve their eating
habits. Mean SUS scores indicated marginal usability across
all countries: Spain (mean 58.3, SD 18.6), Italy (mean 70.0, SD
14.6), Scotland (mean 69.1, SD 16.4), and England (mean 59.3,
SD 7.6).

Participants who used the revised prototype version of the
eDiary app in the third iteration (Figure 2) found the app easy
to understand and aesthetically pleasing. All the participants
had used eDiary and agreed that they liked it. This feedback
aligned with the improved usability ratings, with average SUS
scores of 61.2 (SD 7.0), 75.0 (SD 16.8), 71.5 (SD 13.5), and
76.8 (SD 16.7) in Spain, Italy, Scotland, and England,
respectively. Participants liked to get feedback about their food
intake and the visualized feedback in form of a pie chart (Figure
2) helped them to increase their perceived awareness on their
diet. Participants would have liked to see recommendations for
improving eating habits based on the information entered. It
seemed to be important to the participants to receive reminders
for entering information about consumed food. Some
participants mentioned that it would be helpful to be able to
enter the exact amounts of food that was consumed to improve
accuracy of the feedback. Participants liked the idea of creating
their own goals, such as reaching a certain percentage of
diversity across food groups, and they were interested in getting
feedback on their target goals. They suggested receiving this
feedback weekly or every few days. Almost all participants had
difficulties understanding the meaning of the feedback around
balanced diet and diet diversity and the meaning of the term
equilibrium; they suggested to change the terminology or to
provide an explanation.
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Figure 2. Screenshot of the PEGASO Fit For Future eDiary app presented at the third iteration.

Implications for the PEGASO Fit for Future System
Development
Table 5 summarizes the participants’design ideas for improving
and changing the PEGASO F4F system components described
in this paper and how the feedback was implemented for each
technology. Quotes to support the findings are provided in
Multimedia Appendix 5. Some of the design suggestions brought
forward by the participants could not be implemented because
of technical or practical reasons. For example, customizing the
challenges function for each target behavior was deemed as too
demanding in terms of time and resources for the development
of the PEGASO F4F system. The option of exchanging points
acquired by engaging with the PEGASO F4F system for rewards
in the real world has been explored by the consortium but proved
not to be viable at this stage of the intervention development.

For the development of the eDiary app, the SUS scores were
used to track the evolution of the usability of the app and to
ensure that the interface remained acceptable for participants.
Changes made to the interface of the eDiary app in response to
testing the app in iteration 2 (Table 5), yielded in improved SUS
scores for the eDiary app from iteration 2 to iteration 3. This
indicated that the eDiary app gained in usability and
functionality. SUS scores for the Companion app were obtained
in the third iteration only, and they indicated acceptable usability
of the app.

SUS scores for the serious game indicated marginal usability
for participants of 3 out of 4 test sites in the second iterations.
SUS scores dropped in the third iteration in those 3 countries.
Low SUS score for serious games are not uncommon in
adolescents because they (1) implicitly compare serious games
with commercial games [33] and (2) typically play action games
on consoles or personal computers rather than mobile phones

[34]. For this reason, the development of the serious game was
primarily guided by focus group feedback.

Discussion

Principal Findings
This study aimed to describe the process of and findings from
co-designing and prototyping components of a mobile
phone-based technological system for promoting a healthy diet,
physical activity, and reducing sedentary behavior in
adolescents. Findings of this study suggested that for the
PEGASO F4F technology to be motivating and engaging to
adolescents, it should (1) allow personalization of the interface,
(2) have age-appropriate and easy-to-understand language (of
icons, labels, instructions, and notifications), (3) provide easily
accessible tutorials on how to use the app or navigate through
a game, (4) present a clear purpose and end goal, (5) have an
appealing and self-explanatory reward systems, and (6) offer
variation in gamified activities within apps and the serious game.
Our findings also stress the importance of the ability of the
mHealth technology to seek peer support and connect with peers
for increased motivation and engagement with both mobile
phone apps and the serious game through collaborative and
competitive elements such as leader boards and joint activities.
Incorporation of these user requirements led to the development
of PEGASO F4F technology that combines 4 functionalities
that are rarely united in currently existing mHealth technologies
for healthy weight promotion in adolescents: (1) assisting the
user in tracking and reviewing their behavior, (2) persuading
the user to adopt intended behaviors through a serious game
and gamification of apps, (3) advising the user on how to adopt
intended behaviors, and (4) providing a platform for the user
to interact with peers to encourage adoption of intended health
behaviors. Therefore, PEGASO F4F advanced the current state
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of the art and existing body of literature on mHealth for obesity
prevention in young people.

Comparison With Prior Work
The current literature on the development of mHealth technology
for prevention of obesity typically focused its efforts on a single
app, game, or behavior (diet or physical activity), thereby
ignoring the importance of promoting reduced sedentary
behavior, and studies typically involved small numbers of
participants in a single country [1,4,35,36]. PEGASO F4F is
the first study that applied the principles of UCD of mHealth
technology for adolescent healthy weight promotion at scale:
co-design and feasibility testing of 3 different system
components (2 apps and a serious game) for 3 health behaviors
with 74 adolescents in 3 iterative cycles over the course of 12
months in 3 countries.

To date, studies reporting 3 or more cycles of iterative mHealth
technology development for healthy weight promotion with
adolescents are scarce; thus, the design of function and features
of apps and games tend to rely on perceptions of the designers
on users’ needs and requirements [37]. The lack of iterative
circles of technology design may result in a substantial level of
uncertainty in usability, satisfaction, and acceptability of the
new technology. With limited resources for research and
concerns of producing ineffective interventions, intervention
developers are urged to invest in thorough development of
interventions involving the intended user populations before
piloting the intervention and study design procedures in a
controlled experimental study [38]. Taking the time and
resources to incorporate adolescents’ ideas, needs, and
preference and present them with further developed technology
twice, resulted in increased confidence of the PEGASO F4F
consortium for producing an engaging mHealth technology for
healthy weight promotion in a diverse group of adolescents.
This was the case despite limited improvement of the
SUS-obtained usability scores for the 3 apps reported in this
paper. Although the eDiary app and serious game were
integrated with the Companion app, other PEGASO F4F system
components (eg, wearable technology and dashboard app) were
not fully integrated during the third and final iteration of the
co-design study. It is likely that this influenced the user
experience and usability when engaging with the apps and
serious game. In particular, the wearable technology was an
important part for the functionality and user experience of the
serious game linking real-world physical activity to the serious
game (further explanations go beyond the scope of this paper).
However, it is important to note that each co-design iteration
involved different young people in most study sites and, as
noted above, not all feedback and views could be incorporated.
Therefore, the co-design process presented a series of
compromises which was tested in the next phase. The next phase
of the PEGASO F4F project tested the usability and acceptability
of all fully integrated system component.

The approach taken for developing the PEGASO F4F system
was in line with most research demonstrating end-user
involvement (ie, as informants or co-designers). Therefore,
involving adolescents in the development of the PEGASO F4F
system as informants during 3 iterative focus group sessions in

which they could verbalize their requirements of the system
and ideas and feelings about the technology was considered a
valid approach. However, it should be noted that results of a
meta-analysis suggested that an active co-design role does not
always increase serious game effectiveness as users often cannot
relate the app or serious game to its learning objectives [28].
To combat this, the iterative stages included multiple ways for
adolescents to (1) critically analyze their use and experience of
the system, (2) provide feedback, and (3) contribute to the
co-design process. By offering multiple methods to participants
with differing capabilities and strengths, it increases the
opportunity for each stage of technology development to capture
valuable and accurate data from a population with wide intra-
and intervariability [39]. Previous work on serious games has
experienced similar variation in the output and value of end
user involvement throughout the design process [40]. A concept
introduced by Khaled and Vasalou [41] suggests a finer
approach to participant selection in co-design, differentiating
contributions in terms of domain expertise and procedural
aspects to overcome some of the limitations that hinder current
contributions to the design process; however, this approach has
not been extensively tested. The authors consider that there is
much more to learn about the application of participatory design
and co-design methodology in the conceiving, design,
development, and implementation of serious games.

Some design ideas could not be implemented for technical and
practical reasons; however, this brings the research study in line
with real-world development projects for which financial and
time constraints are a common challenge. Lean development
methods aim to overcome some of those challenges; however,
in practice, research and development projects cannot always
keep to these more rigid cycles because of their exploratory
nature and work in innovative spaces.

Study Limitations
Focus groups and questionnaires were used for collecting design
ideas and feedback on the usability and acceptability of the
PEGASO F4F technology, and feedback guided the development
of the apps and serious game. Although the use of focus groups
and questionnaires reflects a solid approach to ascertain
usability, additional methods need to be considered when
refining the PEGASO F4F apps and serious game in future
research.

First, the use of think aloud methods while adolescents are
playing the game and using the apps will give more information
about usability issues and the cause of these problems [42]. This
will also minimize the chance of missing information because
of recall bias, given that adolescents would play the game and
verbalize feedback immediately instead of reporting experiences
through questionnaires and interviews retrospectively.

Second, collection and interpretation of system usage data can
provide valuable information in terms of measuring the level
of engagement with mHealth technology [43]. A mixed method
approach is recommended during mHealth technology
development in which quantitative data (eg, back-end system
data) reflect objective usage and qualitative data (eg,
semistructured interview) provide more insight into reasons for
playing or using, or more importantly, not playing the game or
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using apps [43]. This would give designers and researchers a
better and a more concrete understanding on which elements to
adapt, and how to translate adolescents’ feedback into engaging
age-appropriate app and game design [5].

Third, to benefit from current efforts in gathering adolescents’
feedback, it is recommended to get a designer involved during
feedback sessions. As part of a multidisciplinary interview team,
they would have a good understanding of game dynamics and
ask appropriate follow-up questions that could be valuable for
improved game design and possibly effectiveness. This would
be in line with previous research results indicating that gathering
feedback from end users should prioritize game dynamics (eg,
level) above game aesthetics (eg, storyline and character) as
this seems more strongly related to game effectiveness [40].
Involving game and app developers in the focus groups across
the 3 countries and 4 intervention sites was considered for this
study, but it was deemed not feasible because of constraints of
time, proficiencies in local languages (ie, Catalan), and financial
resources.

Another limitation of this study was that all PEGASO F4F
prototypes were available in English language only. Although
none of the adolescents approached to participate in this study
(entire year groups) was excluded because of insufficient
English language proficiency, participants in Spain and Italy
stressed the importance of having apps available in local
languages. The translation of the apps into Italian, Spanish, and
Catalan was anticipated from the onset of the PEGASO F4F
project and was done for testing the technology in the
subsequent controlled pilot study. The lack of multilanguage
prototypes might have impacted on participants’ engagement
with the technology. However, the design workshops and focus
groups were conducted in the local language, allowing
participants to express their creativity, ideas, and preferences
for the development of the technology. Translation and
back-translation of the apps and serious game content was not
feasible during the technology development process because of
the tight project timeline and constraints in the budget.

Study Implications and Lessons Learned
This study informed the PEGASO F4F system to be tested in
a controlled multicenter pilot study. It provided 3 co-designed

system components, the Companion app, eDiary. and serious
game. In the PEGASO F4F controlled pilot study, adolescents
across 4 European study sites tested the integrated system
comprising the Companion app (including the Challenge
function), eDiary app, Dashboard app, the serious game. and
the wearable (smart garment and wrist-worn activity tracker).
The individual system components of the pilot study were
described in detail in the pilot study protocol [44].

The findings of this study might be of interest to other
researchers and technology developers working in the field of
mHealth intervention development for an adolescent population.
Especially those developing mHealth interventions for
promotion of physical activity and healthy eating in the context
of obesity prevention or treatment could consider the following
lessons learned:

• mHealth technology for adolescents should allow
personalization of app interfaces, have instructions that
describe the purpose of and navigation through the app,
and offer rewards.

• The language used in the instructions and content should
be age appropriate, and researchers should test the
appropriateness of the language with the potential user.
Adolescents particularly dislike repetitive tasks, and so
mHealth technology should avoid unnecessary repetitions
and offer variations in activities and content.

• For mHealth technology to be engaging, it should enable
adolescents to connect with peers for support in adopting
behavior change.

Conclusions
Incorporating adolescents’ preferences, the PEGASO F4F
technology combines the functions of a self-monitoring,
entertainment, advisory, and social support tool. This study
demonstrated that it is possible to employ an iterative co-design
approach for development of a complex mHealth technology
for adolescent healthy weight promotion in an international
context. Participants’ involvement over 3 iterative co-design
circles informed the PEGASO F4F system to be tested in a
controlled multicenter pilot study.
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Abstract

Background: Problems with prospective memory, which refers to the ability to remember future intentions, cause deficits in
basic and instrumental activities of daily living, such as taking medications. Older adults show minimal deficits when they rely
on mostly preserved and relatively automatic associative retrieval processes. On the basis of this, we propose to provide external
cues to support the automatic retrieval of an intended action, that is, to take medicines. To reach this end, we developed the
Medication Ambient Display (MAD), a system that unobtrusively presents relevant information (unless it requires the users’
attention) and uses different abstract modalities to provide external cues that enable older adults to easily take their medications
on time and be aware of their medication adherence.

Objective: This study aimed to assess the adoption and effect of external cues provided through ambient displays on medication
adherence in older adults.

Methods: A total of 16 older adults, who took at least three medications and had mild cognitive impairment, participated in the
study. We conducted a 12-week feasibility study in which we used a mixed methods approach to collect qualitative and quantitative
evidence. The study included baseline, intervention, and postintervention phases. Half of the participants were randomly allocated
to the treatment group (n=8), and the other half was assigned to the control group (n=8). During the study phases, research
assistants measured medication adherence weekly through the pill counting technique.

Results: The treatment group improved their adherence behavior from 80.9% at baseline to 95.97% using the MAD in the
intervention phase. This decreased to 76.71% in the postintervention phase when the MAD was no longer being used. Using a
one-way repeated measures analysis of variance and a post hoc analysis using the Tukey honestly significant difference test, we
identified a significant statistical difference between the preintervention and intervention phases (P=.02) and between the
intervention and postintervention phases (P=.002). In addition, the medication adherence rate of the treatment group (95.97%)
was greater than that of the control group (88.18%) during the intervention phase. Our qualitative results showed that the most
useful cues were the auditory reminders, followed by the stylized representations of medication adherence. We also found that
the MAD’s external cues not only improved older adults’medication adherence but also mediated family caregivers’ involvement.

Conclusions: The findings of this study demonstrate that using ambient modalities for implementing external cues is useful for
drawing the attention of older adults to remind them to take medications and to provide immediate awareness on adherence
behavior.
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(JMIR Mhealth Uhealth 2020;8(3):e14680)   doi:10.2196/14680

KEYWORDS

health information systems; family caregiver; aged; medication adherence

Introduction

Background
One of the most common reasons for medication nonadherence
among older adults is forgetfulness [1,2]. Problems with
prospective memory, that is, the ability to remember future
intentions, cause deficits in basic and instrumental activities of
daily living, such as taking medications [3]. Consequently, the
responsibility of managing medications of older adults and
people living with dementia often falls on family caregivers
[4-6]. Therefore, older adults need medication management
technologies to help them not only with forgetfulness or
cognitive impairment but also with other reasons that contribute
to the lack of adherence to medications, such as polypharmacy
(ie, the self-administration of multiple drugs) [2]. Our work is
based on the facts that older adults show “substantial deficits
when they depend on working memory and executive resources
for prospective recall, but minimal deficits when they rely on
associative recovery processes” [1]. Research has also shown
that the use of external cues supports the automatic recovery of
a planned action [1-10]. Therefore, we propose to support
external cues through a tablet-based ambient display designed
to increase the retrieval process of the planned action (ie, taking
medications) and to provide awareness of adherence behavior
[11,12]. To reach this end, we designed the Medication Ambient
Display (MAD) [12,13].

An ambient display unobtrusively presents relevant information
unless it requires the users’ attention [14]. In addition, users
can easily monitor the display to obtain the desired information
because it uses abstract modalities to represent information,
such as pictures, sounds, and movement [14]. Thus, we used
different abstract modalities to provide external cues that enable
older adults to easily obtain relevant information to take their
medications on time and be aware of their medication adherence.

Previous Works and Study Rationale
In the last decade, different technological-based interventions
for supporting the medication adherence of older adults have
been studied. Owing to the rapid penetration of mobile phones,
one of the approaches that has been widely studied is text
message (SMS) reminders [15]. A systematic review identified
that 18 of the 29 selected studies reported SMS-based
interventions that improved older adults’ medication adherence
[16]. A review of commercially available medication
management apps for mobile phones reported that most of them
focus on providing reminders [17]. A qualitative study identified
that an interaction supported through linear navigation and
multimodal reminder methods should be considered to increase
the ease of use of mobile medication apps available on the
internet; thus, these could be adopted by older adults [18].
Similarly, an adoption assessment of a commercial telehealth

medication-dispensing device found that this is an acceptable
tool for older adults to manage medications in collaboration
with nurses [19].

Some research has been conducted to explore new computing
approaches, such as ambient computing technologies, mobile
games, and conversational agents specifically designed for older
adults [20-23]. Several works have focused on supporting
persuasive strategies to motivate older adults to follow their
medication regimens. For instance, MoviPill is a mobile phone
app that gamifies medication activity by awarding seniors who
take their daily medication doses at the prescribed time and by
promoting social competition [21]. dwellSense is a peripheral
display that provides real-time and explicit feedback about
medication-taking behaviors (eg, what medications were taken
and whether they were taken on time, late, or not taken at all)
[20]. This medication feedback encouraged seniors to reflect
on their medication errors and then improve their medication
self-efficacy [20]. Recently, the use of conversational agents
accessible from mobile devices was explored to support
educational strategies. The Conversational Medication Assistant
for Heart Failure, named CARMIE, was developed to provide
older adults with advice and information about their medication
regimens, such as medication interactions, adverse reactions,
and indications about how to take medications [23]. Similarly,
the Electronic Medication Management Assistant is a chatbot
developed to coach patients for managing medications
prescribed by different health care providers, such as detecting
double prescriptions, medication interactions, and
contraindications [22]. In contrast to the previously mentioned
works, our technological approach uses ambient modalities to
provide external cues that aim to increase the retrieval process
of the planned action and to provide daily and immediate
awareness about how medication regimens are followed during
the day. We assessed the effect of our approach by using
objective medication adherence measures; moreover, we
obtained qualitative findings that help us understand the
adoption of the MAD. For this end, we provided seniors with
the MAD to support the medication treatments prescribed by
their physicians and the timetables that the seniors themselves
proposed to follow.

Objectives
Our study aimed to address the following research questions
(RQ):

RQ1: What is the effect of the external cues provided
by the MAD on older adults’ medication adherence?

RQ2: How do the MAD design features promote its
adoption?

We used a mixed methods approach to obtain quantitative
evidence regarding how several variables associated with
adherence to medication improved and qualitative evidence
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regarding the adoption of the system by the participants. To
describe our study, we used the suggestions by the Consolidated
Standards of Reporting Trials to report pilot investigations [24]
and electronic health interventions [25].

Methods

The evaluation of the MAD was designed as a small trial study.
This section presents the study timeline, the activities conducted,
and the instruments used to collect data (see Figure 1).

Figure 1. Study activities and instruments administered to participants during each study phase. CG: control group; MAQ-8: 8-item Medication
Adherence Questionnaire; MedMaIDE: Medication Management Instrument for Deficiencies in the Elderly; SPMSQ: Short Portable Mental Status
Questionnaire; TG: treatment group.

Participants Recruitment

Eligibility Criteria
To be eligible, older adults had to meet the following criteria:
be older than 60 years, take at least three medications prescribed
by a physician (ie, polypharmacy), have mild cognitive
impairment, report medication-forgetting events, and live with
a relative who could provide us with information on the
assistance required by the study participant to take their
medications. The exclusion criteria were as follows: being
unable to self-administer medications due to a functionality
problem or severe cognitive impairment, and not taking
pill-based medications (it may be difficult to assess adherence
otherwise). To participate in the study, it was not a requirement
that older adults have experience in the use of the internet or
mobile devices.

Recruitment Procedure
The study was conducted in Mexicali, Mexico. Ten students
from the Faculty of Nursing at the Universidad Autónoma de
Baja California participated as research assistants. These
students were enrolled in a social service program at the
Community Center of the University (known as the UNICOM),
which aims to provide seniors with occupational therapy and
provide some health care assistance. The UNICOM is
strategically located in a neighborhood where aging inhabitants
predominate. For recruiting participants, research assistants
contacted older adults in the vicinity of the UNICOM and
administered a set of instruments as summarized in Table 1.
First, the Spanish version of the 10-item Short Portable Mental
Status Questionnaire was administered to detect the presence
of mild cognitive impairment in the contacted seniors [26].
Then, the 8-item Medication Adherence Questionnaire (MAQ-8)
scale was used to identify nonadherent seniors through 8
questions [27]. We selected this instrument because it is the
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quickest scale to administer, the simplest to score, and has been
validated in many populations with different diseases and in
persons with low literacy [28]. Finally, the Medication
Management Instrument for Deficiencies in the Elderly
(MedMaIDE) instrument was used to assess if the participants
had deficiencies in managing medications and whether they
met the polypharmacy criteria [29]. The MedMaIDE was
designed to be administered in the home setting by nonclinical
experts. It consists of 20 items to find out what patients know
about their medications, whether they know how to take it, and

how to get it from a doctor or pharmacy. During the MedMaIDE
administration, relatives were permitted to participate to
complement the seniors’ responses; this is considered
appropriate to obtain a more reliable medication assessment
[30]. In addition, relatives of older adults were interviewed to
identify their role in helping older adults follow their medication
routine. Older adults who met the eligibility criteria and
expressed their interest to participate were enrolled in the study.
The recruitment procedure lasted approximately 5 weeks.

Table 1. Instruments used to assess the eligibility criteria.

Score to be eligibleInstrumentEligibility criteria

3 or 4 pointsShort Portable Mental State Questionnaire [26]Mild cognitive impairment

<13 pointsMedication Management Instrument for Deficiencies in the Elderly [29]Medication deficiency

1-2 points=low and 3-8 points=medium8-item Medication Adherence Questionnaire, also known as Morisky scale
[27]

Adherence for medicating

—aSemistructured interview to find out how caregivers assisted older adultsCaregiver involvement

aNot applicable.

Organizational Setting
Once the participants were recruited, we realized that they were
primarily of low socioeconomic status and affiliated with the
Mexican Institute of Social Security (IMSS), the largest medical
institution in Mexico. Periodically (monthly or bimonthly), they
attended an IMSS clinic for follow-up consultation and to
retrieve an updated prescription to get their medications from
the clinic’s pharmacy. The lack of adequate health care and
pharmaceutical policies to rationally manage medications and
monitor the treatment of patients increases the vulnerability of

Mexican seniors to medication errors [31], a situation that is
also faced in other countries [32,33].

Preintervention
Baseline data were collected during weeks 6 to 10 on medication
adherence by using the pill counting technique. We noticed that
participants accumulated containers with the same medications.
Under those circumstances, we provided seniors with a basket
to arrange the medications that should be taken each week (see
Figure 2), which facilitated data collection for measuring the
Dosagepill adherence outcome (see Table 2).

Figure 2. A research assistant arranging medications in a basket.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e14680 | p.358http://mhealth.jmir.org/2020/3/e14680/
(page number not for citation purposes)

Zárate-Bravo et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 2. Outcome variables and methods used to collect data to address research question 1.

Collection methodDescriptionVariable

Pill countingThe number of pills taken by participants in a period divided by the number of pills expected

to be taken for that perioda
Dosagepill

a

MAD’sc logThe number of medication episodes reported as taken by participants in a period divided by the
number of episodes expected to be recorded for that period

DosageMAD
b

MAD’s logIndicates whether the medication was taken 30 min before or after the time expected to take
the medication. This is the number of medication episodes registered in the time window during
a period divided by the number of episodes registered as taken for that period

Timelyd

8-item Medication Adherence
Questionnaire

A score estimated based on reported nonadherent behaviors; for example, drug omissions,
medication forgetting, carelessness, or stopping a medication when feeling worse [28].

Self-reported medi-

cation adherencee

aIt measures whether the medication is not being taken as prescribed, which may affect the clinical outcome. We estimated it for both groups (treatment
group and control group).
bIt enabled us to understand how much older adults used the MAD reminders. It was estimated for the treatment group.
cMAD: Medication Ambient Display.
dIt measures whether doses were taken during the prescribed interval. It was estimated for the treatment group.
eIt is an assessment instrument to identify individuals’ perception about their medication adherence. The 8-item Medication Adherence Questionnaire
was administered during the recruitment phase and at the end of the intervention phase.

Intervention

Design and Implementation of the Medication Ambient
Display
For medical information systems to be more specific to the
needs of users, an iterative approach must be followed, which
consists of different usability studies [34]. In this sense, our
previous work included usability studies that helped us inform
the design of the MAD. They included (1) a usability inspection
in which experts (usability engineers and geriatricians)
determined how the MAD conformed to usability design
principles for ambient displays [11] and (2) a field evaluation
to identify technical and usability problems that we addressed
without altering the conceptual design of the MAD [12,13]. In
this paper, we present the trial study that we conducted to
evaluate the effect of the MAD on measures of adherence to
medication and its possible adoption.

We implemented the MAD for Android tablets to be placed as
portrait frames in the older adults’ homes and to provide the
following cues:

• Abstract and stylized representations of their medication
adherence

• Auditory and visual reminders to call older adults’ attention
• Events that may enhance older adults’ awareness about

whether the medication was taken

Abstract and Stylized Representations of Medication
Adherence
The MAD shows a virtual birdcage, which has the aim of raising
elders’consciousness about how they have to take responsibility
for caring for their health, in a way similar to willingly caring
for a pet. As presented in Figure 3, the abstract representation
is an animation of a parakeet that symbolizes daily medication
compliance. Each day, a newborn pet grows to represent
medication compliance. In addition, by touching any point on
the virtual cage of the parakeet, the MAD presents detailed
information on the individual’s daily medication compliance
by using the notation presented at the bottom of Figure 4. In
this figure, the MAD shows that an older adult has to take 4
medicines, and each of them should be taken 3 times during the
day: morning, afternoon, and night. Thus, it presents that a
morning medicine (Losartan) was not taken and that the
afternoon and night doses are still pending. Optionally,
participants can consult their medication adherence from any
other date.

Figure 3. Abstract representations of medication adherence based on parakeet growth.
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Figure 4. Detailed information about the medication adherence corresponding to the current day and notation used to represent if medicines were taken
on time.

Auditory and Visual Reminders to Call Older Adults’
Attention
The parakeet provides auditory reminders (ie, parakeet whistle)
and pictograms that inform how to take medications. For
instance, Figure 5 denotes the morning doses (ie, 1 pill of

Losartan for controlling blood pressure). On the right side, the
pictogram depicts through representative icons that this
medication has to be taken 3 times a day: morning, afternoon,
and night. Moreover, the morning icon is colored to denote that
the MAD reminder is for the first doses of the day.

Figure 5. Medication Ambient Display reminding to medicate.

Events to Enhance Older Adults’Awareness of Whether
the Medication Was Taken
These cues refer to actions performed by older adults to make
taking medications more memorable [12]. As depicted in Figure
6, after an individual takes their medication, they move the
tablet closer to the pill container to indicate that the medication
was taken. We implemented this functionality through Near
Field Communication (NFC) technology. Afterward, the

parakeet acknowledges that the medication was registered as
taken.

We also implemented an administration component (see Figure
7), which we used to tailor MAD to participants’ medication
prescriptions and the timetables that they reported to follow.
As evaluating the ease of adapting and configuring MAD was
out of the scope of this study, participants did not use the MAD
administrator. Finally, MAD also includes a component to
generate a log with the medication episodes registered by the
participants through the NFC technology. A medication episode
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comprises the medication name and the corresponding
timestamp. This information could be consulted during our

visits to the seniors via this administrator component.

Figure 6. Registering the medication: After a senior medicates, she/he should move the corresponding medication container closer to the tablet in order
for the attached NFC tag can be recognized by the tablet NFC reader (left); then, MAD acknowledges that the medicine was registered as taken on time
(right).

Figure 7. User interfaces of the administration component of Medication Ambient Display, which shows how it enabled the information registration
of each medication.

Intervention Procedure
We conducted a session with the research assistants, who made
a random and blind allocation of the participants to the treatment
group (TG) and the control group (CG). On the first day of this
phase, research assistants visited older adults in the TG to
introduce the MAD in the presence of caregivers by using the
spaced retrieval approach, that is, teach, ask, wait, ask again,
wait, and ask again [35]. This approach has been used to support
the encoding, retention, and retrieval processes involved in
interventions designed to assist medication taking [35]. Thus,
we explained to participants how to carry out medication taking
using the system. Afterward, we asked them to recall the system
features we had just presented and assisted them as necessary.
To do this, we activated each of the system’s functionalities

and asked participants to use them (eg, interpreting a reminder,
registering a medication, and consulting and interpreting their
medication compliance). Then, we waited for 1 min and asked
them to recall the system’s functionalities again. We asked them
again 15 min later and repeated it once again. After the
completion of the training session, which lasted 40 to 60 min
approximately, the MAD was personalized according to the
participant’s prescriptions and through discussions with the
participant on an appropriate schedule for presenting the
reminders. Research assistants used the MAD administrator to
enter the medication names, health problems to address,
timetables, and the frequency at which medications should be
taken. Then, they attached and configured NFC tags to each of
the pill containers, which included selecting the images that

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e14680 | p.361http://mhealth.jmir.org/2020/3/e14680/
(page number not for citation purposes)

Zárate-Bravo et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


best represent the pills and their containers. Afterward, the MAD
was placed in the area of participant’s home where they usually
reported taking medications, mostly the kitchen, living room,
and bedroom. The intervention phase lasted 5 weeks (see Figure
1), during which research assistants visited participants to collect
data on medication adherence (from both the TG and the CG)
and system usage (from the TG).

Postintervention
After the intervention was completed, we removed the MAD
from the participants’ homes. Research assistants then carried
out weekly visits (weeks 16-17) to older adults from the TG to
collect data that enabled us to understand how the withdrawal
of the MAD affected their medication routine and adherence.

Outcome Measures and Data Acquisition
Medication compliance (known as adherence as well) refers to
“the act of conforming to the recommendations made by the
provider concerning timing, dosage, and frequency of
medication-taking” [27]. On the basis of this definition, we
identified a set of variables as relevant for analyzing the effect
of the external cues provided by the MAD on the participants’
medication adherence (see Table 2). Thus, these variables were
used to address RQ1.

During the intervention phase, we also collected qualitative
evidence about the system’s adoption, which enabled us to
address RQ2. We interviewed the older adults in the TG
regarding the system’s functionalities that they perceived as
most useful, less useful, and the difficulties faced while using
it. At the end of the postintervention stage, we interviewed
participants to obtain their perceptions of how withdrawal from
the MAD impacted their medication adherence. In addition,
those caregivers who were at home during our visits were
interviewed to obtain information on their involvement in the
seniors’ medication activities. Our questions centered on the
specific activities associated with the older adult’s medication
regimen that caregivers were involved in and how they knew
if the older adult took his or her pills in a given week. These
semistructured interviews were administered by the first 3
authors of this paper.

Data Analysis
We used Student t tests and chi-square tests to measure the
statistical difference in age, the number of prescribed medicines,

and self-reported medication adherence between the TG and
the CG. A one-way repeated measure analysis of variance
(ANOVA), dependent t tests, and independent t tests were used
to find significant differences in medication adherence between
the study phases and between the TG and the CG. The McNemar
test was used to verify differences within the TG between the
self-reported medication adherence in the recruitment and
intervention phases. To determine whether any of the differences
between the means estimated are statistically significant, we
compared the P value with a significance level set to .05 [35].

For the qualitative analysis, we transcribed the collected data
from their original Spanish version, that is, audio, handwritten
notes, and photographs taken during the interviews. Individual
quotes were translated into English for use in this paper. We
followed the thematic analysis approach, which consists of
generating initial codes from the data, searching for potential
themes, contrasting the identified themes with the data, and
iteratively refining them [36].

Ethics Statement
The ethics review board of Faculty of Nursing approved the
study protocol once we proposed how to address their
suggestions on how to handle the withdrawal of the technology
at the study end. We agreed to provide the participants of the
TG with an adequate financial incentive that would allow them
(if desired) to obtain a PC tablet similar to the one used during
the study. Every week, participants received an economic
incentive, approximately US $7 if they were in the CG and US
$14 if they were in the TG. We obtained informed written
consent from all individual participants.

Results

Baseline Characteristics of Study Participants
The research assistants contacted approximately 100 older adults
to participate in the study (see Figure 8). They identified 42
potential participants; 20 of them met the eligibility criteria and
were enrolled in the study. However, only 16 completed the
study. The analysis of baseline data presented in Table 3
indicated that the TG and the CG had no significant differences
in age (P=.21), number of medicines taken (P=.33), self-reported
medication adherence (P=.59), education in years (P=.35),
gender (P=.25), relationship with caregiver (P=.57), and dosage
outcome (P=.77).
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Figure 8. Flow diagram of the participants’ progress through the study phases. CG: control group; MCI: mild cognitive impairment; TG: treatment
group.

Table 3. Characteristics of the participants.

StatisticsGroupCharacteristic

P valueChi-square test (df)t test (df)TreatmentControl

.21—a1.32 (15)68.62 (6.2)73.5 (8.3)Age (years), mean (SD)

.35—0.97 (15)6.75 (2.1)5.25 (3.8)Education (years), mean (SD)

.33—1.01 (15)4.88 (1.6)5.75 (1.8)Number of medications, mean (SD)

———MildbMildbCognition

.251.3 (1)Sex, n

—75Female

—13Male

.571.1 (1)Caregiver relationship, n

—33Spouse

—54Child

—01Other

.590.2 (1)Self-reported medication adherence, n

—32Low

—56Middle

.770.30 (15)Pill counting medication adherence (%), mean (SD)

—80.9 (16)79.87 (17.9)Baseline

aNot applicable.
bCognitive impairment was assessed with the Short Portable Mental Status Questionnaire because it is appropriate for low-literacy persons [26].
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Adherence to Medication (Research Question 1)
Although underadherence was the most predominant behavior,
overadherence was also found during the stages of different
studies, for both the TG and the CG (see Multimedia Appendix
1). We identified overmedication and undermedication during
the intervention phase not only according to the pill counting
technique but also according to the medication episodes recorded
in the MAD’s log. For instance, Multimedia Appendix 1 shows
that participant P2 has adherence rates higher than 100%
according to both techniques. Similarly, overmedication could
be present in the baseline data, which impacted the high
medication rates registered for some older adults (eg,
participants P7 and P8). However, our results show that the
introduction of the MAD’s external cues to the TG resulted in
significant improvements in the average rates of dosage
outcomes, which addresses RQ1.

Dosagepill (Treatment Group)

The TG improved their adherence behavior (dosage), increasing
from 80.9% in the preintervention phase to 95.97% in the
intervention phase. However, it decreased to 76.71% in the
postintervention phase. Using a one-way repeated measures
ANOVA, we compared the effect of the MAD in the TG during
the 3 phases. It showed a significant statistical difference
between at least two of the phases (F2,14=6.59; P=.0096). With
a post hoc analysis using the Tukey honestly significant
difference test, we identified a statistical difference between the
preintervention and intervention phases (P=.02) and between
the intervention and postintervention phases (P=.002); Cohen
effect size values (d=1.35 and d=1.72, respectively) suggest a
high practical significance in both cases. In addition, there was
no statistical difference between the preintervention and the
postintervention phases (P=.73). Therefore, these results are
evidence that the external cues of the MAD contributed to
improving the medication intake behaviors of older adults.

Dosagepill (Control Group)

The CG increased their medication adherence between the
preintervention (mean 79.87% [SD 20.49%]) and intervention

phases (mean 88.18% [SD 20.49%]). However, according to a
paired-samples t test, there was not a significant difference
(t7=1.15; P=.14). The Cohen effect size value (d=0.41) suggests
a medium practical significance. We attributed this increase in
dosage rates to the medication monitoring conducted weekly
by the research assistants and to the basket provided to organize
the pills containers.

Dosagepill (Treatment Group vs Control Group)

The medication adherence rate of the TG (mean 95.97% [SD
6.08%]) was higher than that of the CG (mean 88.18% [SD
13.06%]) during the intervention phase. However, according
to a independent samples t test, there was not a significant
difference (t14=1.53; P=.08). The Cohen effect size value
(d=0.76) suggests a high practical significance. The monitoring
conducted by research assistants impacted both groups.

Dosagepill Versus DosageMAD (Treatment Group)

A one-way ANOVA was conducted to compare the effect of
Dosagepill versus DosageMAD on the adherence of the TG. An
ANOVA showed that the effect of both measuring instruments
on adherence was not significant (F1,14=0.21; P=.65). This
confirms the suitability of the results obtained through the pill
counting technique to explain how the MAD supports adherence
to medication. In addition, as described in the following results,
DosageMAD estimation enabled us to determine how the MAD
reminders helped older adults take their medications at the
prescribed times.

Timely and Reminder Dependency Rates
We obtained 2224 medication episodes registered in the MAD’s
log, of which 93.17% (2072/2224) were registered as taken on
time, and 88.35% (1830/2224) of these timely episodes were
taken after the MAD reminders. As illustrated in Table 4, most
of the participants showed a high reminder dependency rate.
These results are evidence that the MAD reminders resulted in
medication-taking behaviors consistently.

Table 4. Timely and reminder dependency rates estimated by participants.

Reminder dependency rate (%)Timely episodes rate (%)Medication episodes rate (%)Participants in the treatment group

93.6487.3786.46P1

94.292100.67P2

10094.9293.83P3

32.1992.44100P4

98.5697.2194.71P5

93.9789.9299.23P6

99.598.0698.56P7

98.6293.16100.43P8

Self-Reported Medication Adherence
We found that MAQ-8 scores and Dosagepill outcomes are not
correlated but are independent of each other (N=16; ρ=−0.29;
P=.27). A McNemar test determined that there was no

statistically significant difference in the MAQ-8 scores obtained
in the preintervention and postintervention stages (P=.25). These
results suggest that using the MAD did not change older adults’
perception about their medication adherence.
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System Adoption (Research Question 2)
The collected qualitative evidence helps us to address RQ2 and
to complement the quantitative results. We analyzed the data
collected from the interviews administered to participants P1
to P8 of the TG, and we discovered the findings described in
the following subsections.

Usability of the Ambient Modalities That Implement the
Medication Ambient Display’s External Cues
All the older adults provided answers that lead us to conclude
that the most useful cues were the auditory reminders, followed
by the stylized representation of medication adherence (eg,
parakeet growth). Some participants explained how these
external cues caught their attention so that they can medicate
themselves. Participant P6 said:

Sometimes I am busy or just thinking about something
else, and I forgot what I have to do; but now when
the parakeet sings and sings, it reminds me to
medicate.

This finding is supported by the high rates in timely and
reminder dependency measures. For instance, participant P1
improved her medication-taking behavior because she developed
a high dependency on the ambient reminders (see Table 4),
which affected her medication compliance during the
postintervention phase (see Multimedia Appendix 1). She
reported:

When I heard the parakeet whistle, I came to the
kitchen to take my medicines...It was better when I
had the system.

All older adults, except participant P4, reported that they did
not consult the detailed information on their medication
adherence, but they verified if the parakeet grew after registering
the medication as taken. Thus, participant P4 was the only older
adult who did not develop a high reminder dependency rate (see
Table 4) to stabilize her medication adherence (see Multimedia
Appendix 1), but she relied on the stylized abstract
representations and detailed report of her adherence; in addition,
she expressed interest in consulting her medication adherence
from the last week or month.

Older Adults’Perception of Their Medication Adherence
Although adverse drug events associated with overmedication
and undermedication were identified, older adults hardly
recognized that before using the MAD; there were times when
they might have forgotten to take a medication. For instance,
although participant P4 explicitly stated that she did not forget
to take her pills, her husband contradicted her. Participant P6
was the only participant who, during the interviews, admitted
forgetting to take her medication because as a consequence, she
had symptoms of her disease:

[Before using the MAD] I realized that I had forgotten
to take the [night doses] pill for my blood pressure,
until the next morning my head hurt and I felt dizzy.

On the other hand, we have no evidence that older adults were
aware that they sometimes overmedicate because they forgot
that they had taken their medication.

Integration of Medication Routine Into Daily Activities
Older adults intend to take their medications when carrying out
some of their daily routines. We identified that some older adults
fail to associate medication with their daily activities effectively.
For instance, participant P3 indicated:

I plan to take my night medication before going to
sleep, but before using MAD, sometimes I realized
that I had forgotten to medicate until I was in bed,
and murmured: “Ay! I have not taken the pill.”
However, now, it [MAD] sounds, I take my
medication, and then, I go to sleep.

On the other hand, we found that leaving home or traveling
affected the use of the MAD and probably the medication
adherence of participants. For instance, several participants (P2,
P3, and P6) reported situations in which they could not register
a medication intake timely because they had to leave home. For
instance, participant P6 reported:

I did not take my medication this Wednesday since I
had to leave the house urgently, but I took it later.

Also, only 1 participant (P4) felt confident enough to take the
system with her when she left home.

External Cues Mediated Caregivers’ Assistance
The family caregivers commonly served as the main support
actor and assisted with managing the seniors’ medications.
Before using the MAD, caregivers tended to be aware of the
medication timetables to remind older adults or ask older adults
if they had medicated. We observed that the external cues of
the MAD acted as triggers that facilitated caregivers’assistance.
That is, the cues did not overwhelm family members but were
an appropriate mediation strategy to support seniors’medication
routines. For instance, the husband of participant P4 perceived
that the MAD enabled him to be aware when she took the correct
medications. For an adolescent caregiver, the system enabled
him to feel less worried about having to remind her grandmother
(participant P1) to medicate:

If I have to do my homework, I can focus on doing it.

The MAD also helped to assure caregivers that older adults
would not forget to take their medications; for example,
participant P6 said:

My children used to forget reminding me to medicate
[before using the MAD]. Currently, they hear the
parakeet, and then they make sure if I took them.

Discussion

Principal Findings
Our quantitative results show that providing the external cues
supported by the MAD resulted in significant improvements in
the average rates of dosage outcomes for older adults. This is
because the ambient modalities used for implementing these
external cues were useful for drawing the attention of older
adults. We found that external cues (1) reminded them to take
medications, (2) enabled them to recognize if a medication was
recorded as taken, and (3) provided immediate awareness about
how they followed their medication regimens.
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We learned that providing older adults with an abstract and
stylized representation of their medication adherence, which
could be peripherally perceived, was better accepted than
medication adherence reports that need to be explicitly evoked.
However, this stylized and abstract modality of representation
was not enough to make participants aware of their medication
problems related to undermedication and overmedication.
Previous research has demonstrated that feedback-based systems
that are consulted explicitly and daily help seniors identify their
medication errors and then self-regulate their medication
behavior [20]. We consider that providing timely detailed
information about medication adherence may help older adults
perceive the usefulness of systems designed to aid medication
uptake and, therefore, encourage their adoption. From our study,
we learned that it is necessary to make the feedback more salient
to provide them with sufficient knowledge of their medication
problems.

Similar to our results, other studies have shown that when older
adults stop using medication aiding systems, their medication
adherence is affected [20]. Our participants showed high
dependence on the MAD reminders; therefore, when the system
was removed from their homes, their adherence to medications
was negatively affected. We also found that older adults tend
to link their medication to other daily tasks [1,37], for example,
take medication before going to sleep. We conclude that ambient
displays should be flexible enough to adapt external cues
according to the activities that older adults associate with their
medication intake behaviors. These include taking into account
the daily routines in which the medication should be inserted
(eg, before meals), in addition to taking into account context
changes (eg, going out from home). We hypothesized that
including adaptation mechanisms to the MAD that allow seniors
to configure external cues to remind them to take medications
in a specific context instead of a specific window of time would
allow that medication to be integrated into their daily routine.
For instance, if an older adult proposes to take their medications
when preparing his or her coffee in the morning, the MAD could
include cues to help them remember to associate their
medication with that activity. In this case, the MAD would be
training older adults during a period to take their medication
when that specific context arises. We hypothesized that
supporting this strategy may reduce the dependency of older
adults to the MAD’s medication reminders, as it may help them
develop the habit of taking their medication in the same context
consistently.

Furthermore, we identified that external cues of the MAD
provided caregivers with better awareness of older adults’
medication adherence. This awareness was 2-fold: (1) when
auditory reminders were perceived by caregivers, they made
sure that the reminders reached the target recipients, and (2)
medication adherence representations enabled caregivers to be
aware of medications taken. Therefore, providing external cues
through ambient displays helps family caregivers to better
support seniors to follow their medication regimens.

Limitations

Economic Incentive for Participating
The use of financial incentives has been questioned because
they may provide inducements to participate in a study for
financial purposes only, and vulnerable populations are prone
to be enticed by the financial reward and be more willing to
accept any study risks [38]. In our opinion, offering an incentive
facilitated recruitment of participants and allowed us to access
their data, which would otherwise be considered an obtrusive
task. For instance, 2 participants explicitly asked for the weekly
economic incentive to allow the research assistants to collect
data; another participant questioned the incentive since she
considered it was unnecessary for being part of the study.
Although we are not able to conclude on how the incentive
impacted the adoption of the technology, our findings indicate
that the MAD was accepted not only by older adults but also
by their family caregivers.

Setting Characteristics
We observed that some participants faced problems in managing
their medications, such as accumulating medications, confusing
medications because they look alike, and tending to give
medications to others, which may not be an appropriate practice.
The design of our study was limited in that the MAD system
was personalized according to the prescribed medication
regimens and timetables that the participants followed. Although
using our technology did not introduce any risk, it might have
supported inappropriate medication routines adopted by older
adults to overcome some of the barriers imposed by the setting.
We recognize the importance of conducting a contextual study
before conducting a technology evaluation. The contextual study
should be designed in collaboration with clinical or nursing
specialists to reduce the complexity of older adults’ medication
regimens and the risks associated with the way they manage
medications. Finally, we are not able to state that our results
are generalizable to the whole Mexican elderly population. This
is because participants were primarily from a low-income
socioeconomic stratum; therefore, exploring this technology
among high-income elders who have access to private health
care services might produce different findings.

Study Methodology
The pill counting technique can be prone to human error. So,
one limitation of this study is that we were not able to identify
which overmedication and undermedication events were
registered by the research assistants erroneously. Using
electronic monitoring devices (EMDs), such as the Medication
Event Monitoring System, could have overcome this limitation
to some extent, although using EMDs does not guarantee that
a person has taken their medication [39]. Moreover, the cost of
EMDs and the logistics of integrating them within clinical
protocols may be limiting factors to their adoption for research
in clinical contexts [39]. One possible solution to overcome this
limitation could be to combine data collection techniques.

Study Duration
Another limitation of the study is its duration time. Some
research works have identified that older adults should have an
adaptation period to an intervention, and after a specific period
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of using it, reliable data can be collected to measure its
effectiveness for improving medication compliance [3]. We
provided evidence that our study enabled us to get an
understanding of the feasibility of the MAD to improve
adherence to medication. However, extending the time of both
stages, intervention and postintervention, would have allowed
us to understand the efficacy of the MAD to sustain high rates
of medication adherence.

Comparison With Prior Studies
Table 5 shows an overview of some studies published in the
last decade, which were conducted to assess technological-based
interventions to support behavioral strategies to improve older
adults’ medication adherence, such as providing reminders
[18,19,40-43], medication feedback [20,39-41], and
self-monitoring of pills [20,39,42]. Some of these studies also
included a patient education strategy [15,42,43], which is
considered a traditional approach used to tackle the medication
adherence problem [44]. The technologies evaluated in these
studies included mobile phones, tablets, EMDs, and pill
dispensers. These studies have assessed the technologies’effect

on medication adherence, in addition to evaluating older adults’
acceptance. Most of them used both subjective (eg,
self-reporting) and objective (eg, pill counting and system logs)
adherence assessment methods [15,20,40-43] because no single
method is sufficiently reliable and accurate [30]. Nonetheless,
some of these studies are limited to assessing only the adherence
to medications taken for a particular health problem [40,41] and
did not take into account older adults with multiple morbidities
and polypharmacy [15,39,40], which are factors that contribute
to increasing the risk of nonadherence [45,46]. Other reasons
for nonadherence include low literacy, cultural factors, and
inadequate social support [45]. In this sense, none of the studies
presented in Table 5 examined the involvement of family
caregivers, although some of them report that their technologies
offered mechanisms to enable the family caregivers’
participation [19,39-41]. In contrast, our study assessed the
effect of our approach by using objective medication adherence
measures; in addition, we obtained qualitative findings that
explained the adoption of the MAD from the perspectives of
both seniors and their relatives.
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Table 5. Overview of some studies to assess different technological approaches to support older adults’ medication adherence.

De Oliveira
et al [21]

Reeder et
al [19]

Patel et al
[43]

Perera et al
[42]

Lee and
Dey [20]

Park et al
[15]

Grindrod
et al [18]

Robiner
et al [39]

Mertens
et al [41]

Moraws-
ki et al
[40]

Data extracted
from the studies

Technology

X—XX—————bXaMobile phone
apps

—————X————SMS

————X—X—X—Tablet

—X————————Dispenser

————X——X——Monitoring

Functions

—XXX——X—XXRemind

XXXX————XXRegister taken
doses

——XX—X————Educate

————X——XXXFeedback

—X—————XXXCaregiver par-
ticipation

X—————————Social game

Evaluation

16964828129035624413Total partici-
pants (older
adults)

+1serveral+11several3Hiperten-

sion

3HIVN/Sc2cardiovascu-

lar desease

+1several1renal+3cardvas-

cular de-

sease

2Hiperten-

sion

Medicines

——Subjective
and objec-
tive

Subjective
and objec-
tive

Subjective
and objec-
tive

Subjective
and objec-
tive

—ObjectiveSubjec-
tive and
objective

Subjec-
tive and
objective

Methods to
measure adher-
ence: subjec-
tive and objec-
tive

XXXX—XXXX—Acceptance

aX: studies that assessed the acceptance of the system by the participants.
bNot applicable.
cN/S: nonsignificant.

Conclusions
The external cues provided by our ambient display not only
improved the medication adherence of the elderly but also
encouraged caregiver involvement. We found that the external
cues perceived as most useful were those that reminded
participants to take medications, helped seniors recognize if
medications were recorded as taken, and provided immediate
and abstract representations of their medication adherence. We

identified that external cues did not overwhelm family members
but were an appropriate mediation strategy to support older
adults’ medication routines. We also recognized the potential
of providing external cues to enable older adults to associate
medication routines with their daily routines appropriately. For
future work, we plan to conduct studies to assess the feasibility
of external ambient cues to support the seamless integration of
medication regimens into the daily routines of the elderly.
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Abstract

Background: As people living with HIV infection require lifelong treatment, nonadherence to medication will reduce their
chance of maintaining viral suppression and increase the risk of developing drug resistance and HIV transmission.

Objective: This study aimed to evaluate the efficacy of a mobile app, Mobile Interactive Supervised Therapy (MIST), for
improving adherence to oral HIV medications among HIV-infected adults in Singapore.

Methods: We conducted a two-group pilot randomized controlled trial (RCT) with a process evaluation, in which 40 HIV-infected
participants with once-daily medication regimes were recruited from a public tertiary hospital in Singapore and randomly assigned
equally to either the intervention (receiving MIST and routine care) or control (receiving routine care only) groups. The intervention
lasted for 2 months. The outcome of antiretroviral therapy (ART) adherence was measured by a 7-day recall self-report (SR), pill
count (PC), an electronic medical device—Medication Event Monitoring System (MEMS)—and a mobile app—MIST (for the
intervention group only). In total, 20 participants from the intervention group were interviewed at the end of the intervention to
assess the acceptability of MIST. Data were collected at baseline and at 1-month and 2-month postintervention.

Results: All participants had excellent medication adherence at baseline (median 100, IQR 100-100). The use of MIST did not
result in a significant improvement in ART adherence when measured by the SR, PC, and MEMS, as compared with the control
group at 1-month (P values >.99, .86, and .74, respectively) and 2-month (P values=.80, .84, and .82, respectively) postintervention.
ART adherence also did not improve in each group over the same period. MIST was perceived to be a beneficial tool based on
the process evaluation results.

Conclusions: Although MIST did not enhance medication adherence to HIV treatments, mainly owing to the ceiling effect, it
was perceived to be beneficial among the participants of this study. Our process evaluation provided useful data to further develop
MIST for bigger and long-term mobile phone app–assisted intervention RCTs in the future.

Trial Registration: ClinicalTrials.gov NCT03794648; https://clinicaltrials.gov/ct2/show/NCT03794648

(JMIR Mhealth Uhealth 2020;8(3):e15702)   doi:10.2196/15702
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Introduction

Background
HIV infection is a global public health issue. An estimated 36.9
million people were living with HIV in 2017 [1]. In the same
year, 7982 residents of Singapore were living with HIV, with
434 being new cases [2]. In people living with HIV, who require
lifelong treatment, nonadherence to medication not only reduces
their chance of maintaining viral suppression but also increases
the risk of developing drug resistance and HIV transmission
[3-6]. To achieve viral suppression, a patient needs to maintain
an adherence level of at least 90% throughout the treatment
period [6-8]. However, there are challenges to meeting this
target. A meta-analysis showed that only 62% of patients of a
pooled study aged older than 18 years taking prescribed highly
active antiretroviral therapy reported an adherence rate of ≥90%
[9]. There are no available antiretroviral therapy (ART)
adherence data in Singapore.

With phone technology evolving, mobile phones and
smartphones are now able to incorporate many creative features
such as recording and transmitting high-quality videos and
telemedicine capabilities. There have been a growing number
of mobile app reminders supporting patients’ adherence to
medication in the market; however, there is a lack of robust
evidence to establish their efficacy. To date, the quality of these
supporting systems has been variable [10,11]. In addition,
current evidence supporting the effectiveness of mobile phone
app–based interventions in enhancing adherence among people
living with HIV is unclear because of limited evidence and the
heterogeneity of the study populations, treatments, and ART
adherence measurements [12-17].

Aims
This study aimed to examine the effects of a mobile phone app,
Mobile Interactive Supervised Therapy (MIST), for improving
adherence to oral HIV medications among HIV-infected adult
patients in Singapore and to gather user experiences to develop
the intervention for large scale randomized controlled trials
(RCTs) in the future.

Hypotheses
The hypotheses were as follows:

1. When compared with the control group, patients in the
MIST intervention group will have better HIV medication
adherence rates at the 1-month and 2-month follow-up time
points.

2. When compared with baseline, patients in the MIST
intervention group will have better HIV medication
adherence rates at the end of the study.

Methods

Design
A two-group pretest and posttest RCT design was used. Adult
patients infected with HIV (n=40) were recruited from a public
hospital in Singapore. Recruited participants were randomly
assigned into either of the two groups: the intervention group
or the control group.

Participants
All adults infected with HIV who attended their routine clinic
appointments in a public hospital in Singapore from March to
June 2018 were approached to participate in this study. The
inclusion criteria included those who were (1) aged ≥21 years,
(2) taking a once daily regimen of HIV medications, (3) able
to take pills orally, (4) willing and able to give informed consent,
and (5) able to read and speak English or Chinese. Participants
were excluded if they (1) were unable to operate a mobile phone
or had an active tuberculosis infection that required directly
observed therapy during the study period, (2) had substance use
such as methamphetamine use, (3) had visual, speech, or hearing
impairment despite the use of aids, (4) had a known medical
history of psychiatric disorder(s) and were seeking any form of
psychiatric treatment, (5) had a known medical history of
cognitive impairment, (6) were fully dependent on a caregiver
for taking medications, (7) were pregnant at the time of
recruitment and data collection, (8) had a terminal illness such
as cancer or late stage cardiovascular disease, or (9) had
experienced bereavement within the past 6 months.

Sample Size Determination
On the basis of pragmatic considerations of the pilot study, a
sample of 40 participants, with 20 in each group, was decided
a priori [18-20]. All 20 participants in the intervention group
were invited for the final process evaluation. There was no
dropout during the follow-up period.

Randomization
After obtaining written consent, baseline sociodemographic
(age, gender, ethnicity, and education level) and clinical data
(ART regimen and duration), phone operation technical skills,
and a 7-day recall of HIV medication adherence data were
collected, and participants were randomly assigned to two
groups: the intervention group (receiving the MIST intervention
plus routine care) or the control group (receiving routine care
only) in a 1:1 allocation ratio. Block randomization with length
4 was used [21] to ensure a balanced representation in each
group [22]. Participants were each asked to open an opaque,
sealed envelope with a piece of cardboard inside indicating their
randomly allocated groups and were assigned in a successive
order according to their enrollment sequence. Through these
processes, randomization and allocation concealments were
ensured [23-25]. The detailed workflow is described using the
Consolidated Standards of Reporting Trial (CONSORT)
flowchart (Figure 1).
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Figure 1. The consolidated standards of reporting trial chart. MEMS: Medical Event Monitoring System; MIST: Mobile Interactive Supervised Therapy;
PC: pill count; SR: 7-day recall self-report.

Mobile Interactive Supervised Therapy Development
and Intervention
MIST was developed based on the Theory of Planned Behavior.
The MIST system consisted of three components: electronic
reminder notifications from the health care system to the patient,
transmissions of a daily video of pill-taking from the patient to
the health care system, and a color-coded calendar tracker to
allow the patient to compare his or her adherence data on any
given day with the past week, month, and overall. Screenshots
of the MIST features can be found in Figure 2. The previous
prototype was developed for both Android and iOS operating
systems. Our past pilot study using the earlier prototype showed
that MIST was useful in measuring adherence and was
acceptable to 42 healthy volunteers [26]. However, as MIST
was still a pilot system focusing on producing a functional
system, some bugs were identified during pilot testing. Further
work was needed to improve the design and usability of the
system to ensure the system was robust across a range of users.
Since then, MIST has been further developed including fixing
bugs such as video upload failure and app instability and was
tested among a wide spectrum of phone models during 2016 to
2017. In addition, a reward system was incorporated to
incentivize adherence. Before use in this study, the new version
was tested in 10 healthy volunteers to ensure technical
feasibility.

Participants in the intervention group were asked to use MIST,
which comprised integrated Web- and mobile phone–based
components. The Web component of the system allowed the
administrator to set the time of pill taking each day and to review
the submitted videos. The time of the reminder was tagged to

the participants’ existing daily ART dosing schedules. Once a
daily pill dose time was set, the Web system sent pill reminders
(via an SMS or a push notification) to the participant’s mobile
phone 15 min before the pill time, right on the pill time, and
half an hour after the pill time until a video was received. If no
response was received within half an hour after the pill time,
the notifications would stop, and the video would be logged as
missing. When the participants logged their medications on time
(between 15 min before and after pill set timing), the frequency
of reminders decreased. The Web system stored and uploaded
date- and time-stamped videos onto a secure cloud server linked
only to a subject number. Successfully uploaded videos were
automatically deleted from the phone. Participants who were
randomized to the intervention group received one Xiaomi 4A
phone (using the Android system) with the MIST app already
installed. The standardized phone allowed the app supporter to
rapidly resolve any technical issues experienced by participants.

A research assistant (RA) reviewed the uploaded videos daily
to ensure that these were of acceptable quality and confirmed
pill ingestion. Participants who failed to send a video on time
or sent a video that did not permit a verification of pill ingestion
were required to provide a reason in their next log-in. If no
reason was provided, the RA would contact the participant the
next day and ask for an explanation.

The calendar cell colors were synchronized with color codes:
a green-colored cell indicated medication adherence, a
red-colored cell indicated that the medication was not taken,
and a yellow-colored cell indicated that the video was pending
the reviewer’s grading. The participants could track their
compliance by tapping on each cell of the calendar matrix. There

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e15702 | p.375http://mhealth.jmir.org/2020/3/e15702/
(page number not for citation purposes)

Pang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


was a built-in reward system that served to reward positive
behavior. A reward of Singapore $5 (approximately US $4) was
given for every five consecutive successful videos that verified
pill intake. The balance could be accumulated and stored in the
virtual wallet module of the MIST app and paid to the
participants at the final study visit. A maximal reward of

Singapore $60 (approximately US $43) would be paid to the
MIST users upon completion of the 2-month study.

The participants in the intervention group received a step-by-step
guided tour of all the MIST app features via face-to-face
demonstrations. All participants verbally indicated that they
were confident in using MIST after the demonstrations.

Figure 2. Screenshots of Mobile Interactive Supervised Therapy features.

Outcome Measures and Instruments
The HIV medication adherence rates during the 2-month study
period were measured with a combination of objective (pill
count [PC], Medication Event Monitoring System [MEMS],
and MIST) and subjective (7-day recall self-report [SR])
measures as suggested by the literature [27,28]. We considered
taking at least 95% of the prescribed medication as a cut-off to
define good adherence in this study as suggested by the literature
[29,30].

7-Day Recall Self-Report
Participants were asked about the number of HIV medications
they missed in the preceding 7 days at the baseline visit and
during the two follow-up visits (1-month visit and 2-month
visit). The self-reported medication adherence rate was
calculated by subtracting the number of prescribed doses and
the number of self-reported missed doses and dividing it by the
number of prescribed doses in the past 7 days.

Pill Count
The HIV adherence rate was calculated by subtracting the
number of prescribed doses in the past 30 days and the number
of missed doses in the past 30 days and dividing it by the number
of prescribed doses in the past 30 days [31].

Medication Event Monitor System
MEMSCap Medication Event Monitoring System, developed
by Aardex Group, has a pill bottle with a special cap that
contains integrated microcircuits to record the date and time
whenever a patient opens a bottle, which wirelessly transfers
dosing data when used in conjunction with an MEMSCap reader.
A secure, Web-based data platform, AARDEX, processes the
transferred adherence data using validated algorithms and
presents the information in easy-to-interpret graphs and tables
[32-34]. The medication adherence rate is calculated based on
the number of times the MEMSCap has been opened divided
by the number of times the MEMSCap is scheduled to be
opened.

Mobile Interactive Supervised Therapy App
Our previous work has demonstrated that MIST is able to
accurately measure medication adherence among healthy
volunteers in a small pilot study [26]. The ART adherence rate
measured by MIST is calculated based on the number of videos
received confirming pill intake plus the number of videos not
received due to technical problems divided by the number of
videos expected during the 2 months.
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Process Evaluation
Acceptability and perceptions on the use of the MIST app were
assessed during the final study visit. The RA, who was bilingual
in English and Chinese and trained in qualitative research,
conducted the semistructured interviews. The interview
questions were developed based on the research aims in addition
to literature review. Two experts were invited to review the
interview guide’s contents upon its development, and minor
revisions were made thereafter. The interview was pilot-tested
on 3 healthy volunteers to check the appropriateness of the
questions as well as the interview process. Further revisions
were made to make the questionnaire understandable. The
interview mainly addressed five areas: perceptions of the overall
MIST app user experience, perceived usefulness of each feature,
strengths and weaknesses of MIST, interest in continuing to use
MIST in the future, and recommendations for further
improvements. A total of 20 individual face-to-face interviews
were conducted, lasting for 3 to 13 min.

Study Procedure
Data collection commenced after ethical approval had been
obtained. The primary physicians of the potential recruits were
responsible for introducing the participants to the RA. The RA
passed a short list of potential recruits to their primary
physicians during their scheduled clinic appointments. The
primary physicians would briefly introduce the study to their
patients. Those who showed interest were then introduced to
the RA who would further explain the study to them in a
separate private room. Only after obtaining a written consent
would the potential participant be recruited into the study. This
was followed by a collection of demographic and clinical data
and baseline data via a self-administered questionnaire before
randomization took place. Outcomes were measured at the
following time points for all participants from the two groups:
(1) 1 month after the intervention (posttest 1) and (2) 2 months
after the intervention (posttest 2).

The RA set up a unique account that was password protected
for each participant in the intervention group to log into the
MIST app at the baseline visit. The MIST app was activated in
the provided Xiaomi 4A mobile phones, and the participants
were provided with detailed face-to-face instructions on how
to use it. The same RA was responsible for the collection of all
data, including process evaluation interviews.

Data Analysis
Quantitative analyses were performed using the Statistical
Package for the Social Sciences (IBM, Version 21.0 [35]).P<.05
was considered statistically significant. Descriptive statistics
were used to describe demographic data, clinical data, and
baseline self-reported medication adherence rates for both
groups. Either the chi-square test, Fisher exact test, or the
Mann-Whitney U test was used to assure comparability between
the intervention and control groups.

To answer hypothesis 1, the Mann-Whitney U test was used to
examine differences in ART adherence rates as measured by
the 7-day recall SR, PC, and MEMS between the two groups
at the 1-month and 2-month visits.

To answer hypothesis 2, the Wilcoxon signed-rank test was
used to compare ART adherence rates (measured by PC, MEMS,
and with or without MIST) at different time points (1-month
and 2-month visits) for each group, and the Friedman test was
used to compare the ART adherence rates (measured by SR) at
baseline and the two follow-up visits.

Qualitative data from the interviews were analyzed using content
analysis. The audio-taped interview data were transcribed
verbatim by the RA to capture nonverbal nuances. A range of
highlighter colors were used to highlight segments of data
portraying similar ideas and meaning. Subsequently, data
extracts that have been coded with the same color were collated
and organized into categories. The refined potentially repeated
patterns across the entire data were, then, transferred to a
separated word document. The initial codes were reviewed again
by the RA and another investigator, and related codes were
collated to form subthemes [36]. Different opinions were
discussed until a mutual agreement was reached between the
two investigators [37]. Rigor was ensured through credibility,
transferability, dependability, and confirmability in this study
process [38].

Ethical Considerations
Ethics approval for the study was received from the institutional
review board before commencing the study (Ref: 2017/00150).
All participants provided written consent for audio-recordings
of the interviews. Confidentiality of the data and voluntary
participation were explained to all participants.

Results

Participants’ Demographics and Clinical Data and
Group Comparison
Among the 40 participants who participated in the study, 38
(95%) were male and 25 (63%) were Chinese, 8 (20%) were
Malay, 3 (8%) were Indian, and 4 (10%) were from other ethnic
groups. The median age was 37.45 (IQR 30.07-44.95) years. In
total, 21 of 40 (53%) participants were doing professional work.
Nearly half of them (19/40, 48%) completed university or higher
education. Most were single (32/40, 80%), lived with family
(29/40, 73%), lived in a Housing and Development Board flat
or a studio apartment (36/40, 90%), and had home Wi-Fi (29/40,
73%). The median ART durations at the baseline were 25.15
(IQR 12.23-48.03) months and 22.35 (IQR 8.93-43.28) months
for the control and intervention groups, respectively. Taking
two types of tablets of HIV medication was the most commonly
reported regime (16/40, 40%) among the participants, followed
by one type of tablet (11/40, 28%), three types of tablets (8/40,
20%), and at least four types of tablets (5/40, 13%). The vast
majority of the participants were very confident in operating
smartphones (34/40, 85%). As shown in Multimedia Appendix
1, baseline characteristics were similar between the control and
interventional groups except for types of ART medication
(P=.01).

Comparison of Outcomes
As shown in Table 1, there were no significant differences in
the medication adherence rates between the intervention and
control groups at the follow-up time points. In addition, neither
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of the measures reported significant differences in ART
adherence rates between the two groups across the 2-month

period (Table 2).

Table 1. Comparison of median antiretroviral therapy adherence rates between the control group and intervention group at the 1-month and 2-month
follow-up visits (N=40).

P valueIntervention group, median (IQR)Control group, median (IQR)Follow-up visit and ARTa adherence rate (%)
measurement

1 month

>.99100 (100-100)100 (100-100)Self-report

.86100 (100-100)100 (100-100)Pill count

.74100 (93-100)100 (93-100)MEMSb median

2 months

.80100 (100-100)100 (100-100)Self-report

.84100 (100-100)100 (100-100)Pill count

.8297.5 (92-100)97 (93-100)MEMS median

aART: antiretroviral therapy.
bMEMS: Medication Event Monitoring System.

Table 2. Comparison of median antiretroviral therapy adherence rates at different time points for each group (N=40).

P value2-month visit, median (IQR)1-month visit, median (IQR)Baseline, median (IQR)ARTa adherence rate (%) measurement

.22bSelf-report

100 (100-100)100 (100-100)100 (100-100)Control group

100 (100-100)100 (100-100)100 (100-100)MISTc intervention group

.07dPill count

100 (100-100)100 (100-100)N/AeControl group

100 (100-100)100 (100-100)N/AMIST intervention group

.63dMEMSf

97 (93-100)100 (93-100)N/AControl group

97.5 (92-100)100 (93-100)N/AMIST intervention group

MIST

.25d94 (87-99)96 (87-100)N/AMIST intervention group

aART: antiretroviral therapy.
bFriedman test.
cMIST: Mobile Interactive Supervised Therapy.
dWilcoxon signed-rank test.
eN/A: Not applicable.
fMEMS: Medication Event Monitoring System.

Process Evaluation
All 20 participants from the intervention group completed the
semistructured interviews. Among 20 participants who were
interviewed, the majority of them were extremely or very
confident (18/20, 90%) in operating a mobile phone. Participants
were aged between 27 and 52 years. Most were males (n=19)
and Chinese (n=13). Half of them were doing professional work,
2 were doing skilled work, while 7 were unemployed, and 1
was a student. Slightly over half of them completed university
or higher education, 35% (7/20) completed a college, and the

remaining 10% (2/20) received a secondary school education.
The majority of them were single (16/20, 80%) and lived with
family or friends. Findings related to the MIST app user
experiences were grouped into six categories: (1) perceived ease
of use, (2) benefits of MIST, (3) MIST app features preferences,
(4) MIST app dislikes, (5) future willingness to use MIST, and
(6) suggestions for MIST improvement.

Category 1: Perceived Ease of Use
When asked about their overall experience with the MIST app,
half of the participants reported that the app was user-friendly.
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Category 2: Benefits of Mobile Interactive Supervised
Therapy
Most of the participants considered MIST to be beneficial. It
not only reminded and motivated them to take their ART
medications punctually and consistently every day but also
helped in situations when they were tired and forgot to take
their medications. They also agreed the color-coded calendar
helped them to track their medication-taking histories. In all, 2
participants verbalized that receiving cash helped to lighten
their financial burdens.

Category 3: Mobile Interactive Supervised Therapy App
Feature Preferences
When asked for their preferred app features, the participants
voted almost in equal numbers for each feature, that is, SMS
reminders, color-coded calendars, and the reward system were
voted by 7, 6, and 5 participants, respectively.

Categories 4 and 5: Mobile Interactive Supervised
Therapy App Dislikes and Willingness for Future
Utilization
Some participants revealed that there were certain aspects of
the MIST app that they disliked, and these included the need
for an internet connection, app glitches and instability, limitation
to mobile phones using the Android platform, extra burdens
(such as recording themselves taking their medications), and
privacy concerns. Due to these concerns, among the 20
participants who were interviewed, only 6 (30%) participants
expressed their willingness to use MIST in the future.

As there was stigma associated HIV infections, the participants
tried to minimize receiving SMS reminders or taking their
medications in public to prevent attracting attention. For
instance, 1 participant switched off the provided phone as he
was unsure what the contents of the incoming SMS reminders
would look like. Another participant was concerned that
recording himself taking the medication would trigger curious
onlookers. A third participant suggested that MIST should have
an option that allowed the users to change the app icon image
as the default icon might inadvertently reveal their HIV status.

Category 6: Suggestion for Mobile Interactive Supervised
Therapy Improvement
Most of the participants suggested making the app features more
user-friendly. The MIST app should be made available for all
types of phones. They also suggested alternative reward methods
and methods to track the medications taken. Some thought that
the app should incorporate a fun element to engage future users.

Discussion

Principal Findings
The pilot trial on the use of MIST, which followed patients
infected with HIV for 2 months, did not show any significant
improvements in ART adherence rates. However, this finding
needs to be interpreted with caution as this was just a pilot study
and the sample recruited were those who had good medication
adherence. On the basis of the process evaluation, MIST was
perceived to be beneficial among our participants. Our process

evaluation provided useful data to further develop MIST for
bigger and long-term mobile phone app–assisted intervention
RCTs in the future. The reason for the lack of improvement was
the ceiling effect. Before the study, both groups of participants
were already adhering to their medications. For example, the
median 7-day self-recalled ART adherence at the baseline was
100% in both groups, leaving no room for them to improve their
adherence further. Given a longer enrollment time, we would
have liked to target subjects who were at high risk of
nonadherence. However, our subject recruitment was limited
by the small number of newly diagnosed patients annually. In
addition, the recruitment was hampered by perceived stigma in
people living with HIV and concern that the intervention might
compromise confidentiality and privacy. After a slow start of
having only 3 patients recruited, we expanded our eligibility
criteria to include those who had no adherence problems as
well. However, the rejection rate was still nearly 48%. The study
ended with most of the participants already having good ART
adherence. The selection bias was likely to contribute to our
observation that patients with poor ART adherence might be
also those who were less interested to participate in the trial. In
support of our assertion of the ceiling effect, one study [15] did
not have the ceiling effect as it only enrolled participants who
reported less than 95% adherence and demonstrated adherence
improvements following their mobile phone app use. The second
possible reason for the lack of improvement in our study is that
most of our participants were already on ART for about 1 year,
as evidenced by the median ART duration (IQR) for the control
group of 25 months (IQR 12-48 months) and the intervention
group of 22 months (IQR 8-43 months) before the study
enrollment. The need for lifelong daily ART adherence would
have developed among them a well-established daily
medication-taking routine [39]. In all, two previous phone
technology–assisted adherence RCTs [40,41], which targeted
only patients newly initiated onto ART, demonstrated the
effectiveness of SMS or SMS combined with counseling in
improving medication adherence. The results highlighted the
importance of initiating the intervention at the early stage before
the participants establish medication-taking habits [40,41].

Despite the absence of an effect of MIST on ART adherence
among the participants who had 100% adherence rates at
baseline, our qualitative findings demonstrated that the MIST
app was beneficial to most participants. They perceived MIST
to be user-friendly. It is interesting to note that although most
of our participants did not forget to take their medications, the
reminders were especially helpful for others who did shift work
or who were busy with other things at the time their medications
were due. This finding is consistent with a previous RCT [39],
in which some participants who did not benefit from reminders
would nevertheless recommend it to someone who already had
a fixed HIV medication–taking routine [39]. Some perceived
the color-coded calendar tracking system to be more useful
compared with a conventional tracking tool, such as a diary or
pillbox, or even no tracking tool. The visual calendar
medication-taking tracking feature helped our participants to
save time and, more importantly, motivated them to continue
their good medication-taking behaviors. Our study findings are
consistent with previous research, which suggested that an app
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with health-related behaviors and goal tracking features, such
as medication-taking behaviors, was perceived as valuable [42].

We believe the following reasons contributed to the reluctance
of most of the participants (14/20) in continuing to use MIST
in the future. First, the availability of the latest prototype version
was limited to the Android operating system as it was still being
optimized across all Android operating system phones during
the study period. Owing to this limitation, we had to provide
each participant with a Xiaomi 4A model phone that contained
the MIST app. Failure to carry the phone, turn it on, or have the
battery charged prevented the reminders from serving their
desired purpose. Second, occasional app glitches and instability
were barriers that discouraged participants from continuing to
use the MIST app. Some participants claimed that they would
rather have taken their medications than wait for the app to start
working. Third, some participants found video recording while
taking their medications burdensome, which might not be
sustainable as HIV requires lifelong medication adherence.
However, in spite of this, all 20 participants maintained their
commitments and continued using MIST until the end of the
study. On the contrary, a trial [13] observed a 25% reduction
in the use of their Heart2HAART mobile phone app during a
3-month trial period. In their study, participants in the
Heart2HAART group were expected to respond to randomly
generated daily medication prompts, including questions about
HIV medication side effects and substance cravings during the
study period. They concluded that user fatigue might have
contributed to app usage reduction [13]. Our study finding stood
in contrast to the previous study findings [13], possibly because
of the cash reward system that was built into MIST, whereas
there was no incentive system in the previous study [13]. As
having cash incentives might not be a practical measure in the
long term, future studies should consider alternative incentive
methods.

Although the MIST app is password protected, some of the
participants expressed concerns about possible disclosures of
their HIV status during the interviews. Compounding the privacy
concern was the bulky electronic monitor
device—MEMS—which might have triggered onlookers’
curiosity and a loss of privacy thereafter. Our findings are
consistent with findings from other studies. For example, a
global qualitative review study revealed that the acceptability
of mobile technology–assisted interventions that aimed to
improve ART adherence among people living with HIV could
be affected by privacy and confidentiality issues [43]. In view

of the findings of this study, we will optimize MIST to make
sure that it is more secure. We will modify the MIST prototype
based on other suggestions of our participants. For instance, the
app icon should be made customizable. MIST should be
optimized to market-level quality, meaning that it should be
made more sensitive and less glitchy and it should be
downloadable for use in other operating systems. We will also
develop a backup plan in case the MIST app fails to work. For
example, verbal reports or SMS as an alternative to report
adherence.

Limitations of the Study
This study had several limitations. First, owing to pragmatic
considerations, the small sample size of 40 participants might
have failed to detect a significant difference in medication
adherence (ie, type 2 error). Second, we did not collect
biological data such as CD4 count and viral load, which are
good indicators for treatment success. Third, although this study
was conducted in a tertiary hospital, due to the intervention
itself, some older people were excluded from this study as they
were not confident in using the technology. Blinding was not
possible for both participants and researchers due to the nature
of the app. Hence, this study might have introduced some
response bias. MIST participants might have responded
differently owing to social expectation pressure. Fourth, the
interview duration was short. However, this was a process
evaluation as opposed to an in-depth qualitative study, and all
interview questions were straightforward. Furthermore, the
majority of potential participants declined to be interviewed
owing to stigma. Stigma could also have limited the information
that enrolled participants were willing to share during interviews.
Finally, because of time constraints, the majority of our
participants had good baseline ART adherence resulting in the
ceiling effect. The intervention was limited to a 2-month
follow-up, and this short follow-up period does not reflect the
real-world situation, as HIV requires lifelong commitment and
adherence.

Conclusions
In conclusion, this pilot study showed that MIST was perceived
as beneficial by our participants. Future RCTs with a bigger
sample size and the use of an optimized and more acceptable
version of MIST should be conducted to evaluate the
effectiveness of MIST in enhancing medication adherence
among people living with HIV, especially those who have poor
adherence and those who have just started on ART.
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Abstract

Background: High-quality photos are critical for the remote diagnosis of dental trauma and thus are beneficial to the prognosis.
The quality of the images obtained using a cell phone depends on the level of dental and photography knowledge of the person
who is taking the photos.

Objective: This study aimed to determine the efficacy of photography education in improving images used for the remote
diagnosis of dental trauma.

Methods: The subjects comprised 30 laypeople and 30 dentists who were randomly assigned to 15 subgroups with 2 subjects
in each. Each subject was asked to take photos of their own anterior teeth and those of their partner on the assumption that an
accident occurred using both an iPhone 4s and iPhone 6. Education about how to take an appropriate photo of the anterior teeth
for teleconsultation purposes was then provided, after which photos were taken again. Photos were assessed by a dentist for their
usefulness in diagnosis.

Results: This study analyzed 965 photos: 441 taken by laypeople and 524 taken by dentists. Photos taken after providing
education had significantly higher scores for all assessment items than those taken before education (P<.05). The scores were
also significantly higher for photos taken using the rear camera than those taken using the front camera (P<.02). The iPhone 6
did not have overwhelming advantages. The photos taken by dentists had significantly higher scores than those taken by laypeople
for most of the evaluated items.

Conclusions: Both laypeople and dentists might find photography education useful for when they are taking photos to be used
in teleconsultations. The type of cell phone does not significantly affect the usefulness of such photos.

(JMIR Mhealth Uhealth 2020;8(3):e15152)   doi:10.2196/15152
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Introduction

The World Health Organization has recently released a statement
emphasizing the use of appropriate digital technologies for
public health [1]. Ubiquitous health care (uHealth) services are
rapidly developing due to increasing attention worldwide [2].
UHealth refers to combining information technology with
medical services in order to provide remote medical and health
management services that can be used anytime and anywhere
[3]. UHealth allows for remote medical services such as remote
examinations of and prescribing for various medical conditions
as well as remote health management and enhancement services
for healthy clients [4].

Rapid progress in information technology has resulted in
successful implementation and testing of the electronic
submission of clinical images for remote consultations in most
medical and surgical subspecialties [5]. Moreover,
implementations and research have been carried out using
patient-to-doctor remote consultations, called telemedicine [6].
Home telenursing for patients suffering heart failure or diabetes,
teleradiology for ultrasound and x-ray images, and
teleconsultation for emergency orthopedic patients have been
widely studied [7-12]. Studies related to dentistry have
investigated remote medical procedures such as orthodontic
consultations, remote oral care, preoperative evaluations before
implant placement, and treatment of traumatic tooth injuries
using teledentistry [13-16]. In cases of trauma to teeth or
alveolar bone, the prognosis is most significantly affected by
how rapidly a diagnosis is made and treatment is applied [17,18].
These considerations warrant the development of remote medical
services allowing rapid diagnosis and treatment in the event of
traumatic tooth injuries occurring when a dentist or other tooth
injury expert is not available nearby.

Devices used to provide remote oral care services include oral
video cameras (intraoral image capturing devices), digital single
lens reflex (DSLR) cameras, and cell phones with built-in
cameras [19-21]. An oral video camera is a small device that is
easy to use but has the limitations of high-quality images being
difficult to obtain due to its size and requiring a computer to
display the images. In contrast, a DSLR camera allows for
acquisition of images of exceptional quality, but it is relatively
expensive, requires special imaging equipment, and the operator
needs to be trained; hence, it is not an optimal imaging device
for emergency or remote consultations.

Cell phones are highly portable, have high-resolution cameras,
and are now almost ubiquitously used by people of all age
groups. Continuing developments have allowed for such devices
to be used not only for telecommunication but also to provide

multiple computer-like communication functions including text,
photo, and video transfer, as well as internet access. Different
types of remote consultation or treatment based on the use of
cell phones are currently being investigated in the field of
telemedicine [22,23]. For teleconsultations, cell phone cameras
are better than DSLR and oral video cameras in terms of
convenience and portability [24].

However, the quality of the images obtained using a cell phone
depends on the level of dental knowledge of the person who is
taking the photos and the imaging conditions [16]. Zaror et al
[25] studied the efficacy of an app for traumatic dental injuries
and the quality of images for clinical purposes, but photography
education was not involved. An in vitro study identified several
important camera-related factors that could influence the image
quality for teledentistry in dentoalveolar trauma, including
autofocusing and antimovement functions, and the automatic
white-balance function was helpful for detecting the color area
[26].

This study investigated differences in image quality according
to who photographed the traumatized tooth (dentist vs
laypeople), the effect of receiving photography education (before
vs after), and what model cell phone was used (including
different numbers of camera pixels).

Methods

Recruitment
This clinical research was approved by the institutional review
board of the dental hospital at Yonsei University (number
2-2012-0025). The subjects consisted of 60 Korean adults (30
laypeople and 30 dentists) selected from 62 volunteers. The
laypeople comprised 21 males and 9 females ranging in age
from 21 to 39 years (28.67 [SD 4.20] years), while the dentists
comprised 14 males and 16 females who ranged in age from 26
to 37 years (30.74 [SD 3.21] years). The inclusion criteria were
being older than 20 years, able to operate the camera on a cell
phone, having continuous anterior dentition (including any
prosthesis and orthodontic brackets), and signing the consent
form for the experiment.

The subjects were randomly arranged into 15 subgroups with
2 subjects each, and they were asked to take photos of
themselves and their partner using both an iPhone 4s
(0.3-megapixel front camera, 8-megapixel rear camera, Apple),
and iPhone 6 (1.2-megapixel front camera, 8-megapixel rear
camera, Apple) before and after receiving photography
education (Figure 1). There was no limit to the number of photos
each subject could take.
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Figure 1. Summary of experimental design.

Experimental Design
We assumed that injuries had occurred in the subjects because
of an accident. Subjects were encouraged to freely take photos
of the maxillary anterior area including 4 incisors and 2 canines
by using the functions of autofocusing, blurring, white balance,
focal length, and resolution provided by the cell phone, with
the built-in front camera and the default camera app. They were
then asked to take photos of their colleagues’ teeth using the
same methods but with the built-in rear camera.

Photography education was then provided by an experienced
dental hygienist, face to face, to every subject with the following
contents: how to take photos from frontal and occlusal views,
how to take a photo in which all 6 anterior teeth appear, how
to use a retractor to expose soft tissue, how to adjust the focus,
and how to adjust the camera settings according to the protocol
proposed by Park et al [26] to better exhibit the anatomy and
discoloration of the teeth as well as the gingival texture. The
education session lasted about 15 minutes, and the subjects were

then asked to repeat the experiment following the instructions
provided in the photography education.

Photo Assessments
The captured images were assessed twice with a 1-week interval
on a desktop computer (LG, screen resolution 1920×1080 pixels,
8-bit color depth) by a single dentist in the Department of
Advanced General Dentistry at Yonsei University.

After all the photos had been collected, errors that appeared
frequently during the experiment were analyzed and images of
frontal and occlusal views were evaluated. Frequent errors
included retraction failure and incomplete frontal and occlusal
views. Each photo was evaluated as either good or failure, and
the relationships between this categorization and the frequency
of errors were evaluated by the dentist (Figure 2). The photos
evaluated as good were scored on the following 5-point
numerical scale: 1=not suitable for making a diagnosis, 2=able
to make a questionable diagnosis, 3=able to make an average
diagnosis, 4=able to make a good diagnosis, and 5=able to make
a perfect diagnosis.

Figure 2. Examples of photos that were appropriate and inappropriate for the initial assessment.

The two assessments meant that the assessment score for each
tooth type was on a 10-point scale. The highest score was used
when multiple photos of the same type were assessed. The

central incisors, lateral incisors, and canines were assessed
separately against the items listed in Table 1 for soft tissue and
hard tissue to produce a final assessment score of 30 points.
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Table 1. Assessment items.

Suggested situationCategory and finding

General

—Optimal focus

—Movement present

—Exposure

Hard tissue

Frontal

Crown fractureShape

DisplacementPosition

DisplacementAlignment

Pulp exposureBleeding spot with pink color

Occlusal

Crown fractureShape

DisplacementPosition

DisplacementAlignment

Pulp exposureBleeding spot with pink color

Soft tissue

Frontal

Gingival bleedingGingival sulcus

LacerationIntegrity

HematomaColor

Occlusal

Gingival bleedingGingival sulcus

LacerationIntegrity

HematomaColor

Statistical Analysis
Data were analyzed using SPSS Statistics version 25.0 (IBM
Corporation). The intrarater reliability was assessed using Cohen
kappa. Paired t tests were performed to compare photo quality
between the two models of cell phone (iPhone 4s and iPhone
6) and between before and after the photography education.
Two-sample Student t tests were used to compare the photo
quality between laypeople and dentists and between the photos
taken of oneself and the subgroup partner.

Results

Each photo was assessed by the dentist twice. The kappa indexes
for intrarater reliability were .764 and .728 for the general
assessment and the assessments of hard tissue and soft tissue,
respectively.

This study analyzed 965 photos: 441 taken by laypeople and
524 taken by dentists. Frontal view photos were taken by all
subjects before and after receiving education. In contrast,
occlusal area photos were taken by only 16 subjects (4 laypeople
and 12 dentists) which were further taken by all subjects after

education, and so these photos were not suitable for performing
comparisons.

In the group of laypeople, photos in which the retraction was
evaluated as being appropriate were taken by 8 subjects with
the front camera and 12 with the rear camera by the partners
before receiving education, increasing to 23 and 28, respectively,
after receiving education. In the group of dentists, photos in
which the retraction was evaluated as being appropriate were
taken by 20 subjects with the front camera and 19 with the rear
camera by the partners before receiving education, increasing
to 28 and 30, respectively, after receiving education.

Photos taken after education had significantly higher scores
than those taken before education with the exception of the
evaluation item of optimal focus for the iPhone 6 front camera
(Multimedia Appendix 1). Photos taken using the rear camera
had significantly higher scores than those taken using the front
camera by oneself (Multimedia Appendix 2). Although photos
taken using the rear camera of the iPhone 6 had significantly
higher scores in some items than those taken using the iPhone
4s, the iPhone 6 did not have overwhelming advantages
(Multimedia Appendix 3). Photos taken by dentists had
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significantly higher scores than those taken by laypeople for
most of the evaluated items (Multimedia Appendix 4).

Discussion

Principal Results
This study assessed the use of cell phones for teleconsultations
in dentistry. It was found that the photo scores were significantly
higher for those taken by dentists than by laypeople for most
of the evaluated items and for those taken after receiving
education compared with beforehand except for one item in the
iPhone 6 group with the front camera. The iPhone 6 did not
have overwhelming advantages over the iPhone 4s.

There were common errors observed in the photos. Frontal view
photos—and not occlusal view photos—were taken by both
laypeople and dentists, and many images were taken without
appropriate retraction. However, after participants received
instruction in photography, the error rates in both the layperson
and dentist groups were markedly reduced. Moreover, there
were statistically significant differences in most of the evaluation
categories between before and after receiving the education.
These observations support the usefulness of providing
image-taking instructions to both laypeople and medical staff
in photography education sessions on appropriate methods for
dental trauma teleconsultation using cell phones.

While the dentist group received higher evaluation scores both
before and after the education compared with the laypeople
group, there was no significant intergroup difference in the score
for the item of shape in occlusal photos of hard tissue after the
education using either the iPhone 4s or iPhone 6 (P>.05). These
findings suggest that the laypeople can benefit from receiving
education about how to take photos for use in dental evaluations,
although not to the extent of dentists who have professional
knowledge of dentistry. Comparisons based on the numbers of
pixels of the camera showed that images taken with the rear
camera scored higher than images taken with the front camera.
For self-images taken using the front camera, images taken with
the iPhone 4s (0.3 megapixels) had higher evaluation scores
than images taken with the iPhone 6 (1.2 megapixels). This
surprising result is probably due to factors other than the number
of pixels, such as the size and weight of the device and the grip
sensitivity. Moreover, the rear camera of a cell phone generally
has a higher resolution than the front camera, and the rear
cameras of both the iPhone 4s and iPhone 6 have 8.0
megapixels. However, the images taken with the iPhone 6
received higher scores probably because of its superior image
sensor.

Comparison With Previous Work
According to the in vitro study of Park et al [26], autofocusing
and white balance play important roles in photos taken using a
cell phone for teleconsultation purposes. Similarly, our study
found that focus, movement, and exposure characteristics
affected the image quality. Another study using the same
protocol as Park found that the precision of remote diagnoses
was comparable to diagnoses conducted in person for photos
that were taken by dentists [27].

There are several reports of satisfactory results being obtained
when using cell phone apps for caries screening and traumatic
dental injuries [25,28,29]. An intentionally developed cell phone
app for traumatic dental injuries was recently evaluated for
validity and usability [25]. That app allowed users to select from
a library of images of the most common injuries and so could
be used by any person regardless of their level of knowledge
about dental trauma. However, its accuracy as well as the quality
of the information reported under emergency conditions should
be evaluated in the future.

In a study of the usefulness of an app in diagnosing dental
trauma, Mohan et al [30] concluded that photos of injured teeth
and soft tissue can be used by dentists to give a correct
diagnosis. This indicates that a cell phone app that allows
teleconsultation using the in-built cameras should be developed
and used. The end goals of such a new app would be (1) to allow
medical staff with minimal experience of dental trauma (ie,
school nurses and emergency room medical staff) to send images
of patients to dental trauma experts in real time and also receive
a remote diagnosis and information about appropriate first aid
treatment in real time and (2) for laypeople to be able to directly
use the app and receive consultations to facilitate remote
diagnosis and treatment via image transfer if a dentist is not
available. In summary, the app should initially provide the basic
functions of teleconsultation, and other additional functions
should be theoretically grounded and evidence-based [31]. The
International Association for Dental Traumatology provides a
publicly available first aid protocol for dental trauma patients
that patients can download from the internet to educate or treat
themselves [32-34]. If an app that supports teleconsultation is
developed, an additional protocol for performing an accurate
diagnosis (ie, the imaging protocol suggested in our study) could
be added to the instructions for patients.

However, a cell phone camera should be viewed as a
complementary tool for use in teleconsultation, since images
of dental trauma patients taken using cell phones may be
different from images taken at a dental clinic. Moumoulidis et
al [35] suggested that telemedicine does not always facilitate
correct physician assessments, since their clinical trial found
that 62% of diagnoses of nasal fractures based on images from
cell phone cameras did not agree with the clinical assessments.
This highlights that remote teleconsultations performed using
cell phones do not guarantee accurate diagnoses, and so apps
should be limited to use as a complementary tool to allow for
appropriate emergency first aid in dental emergencies.
Moreover, patients who receive teleconsultations should also
seek appropriate treatment by visiting a dental clinic as soon as
possible.

Limitations
This study was subject to several limitations. First, the study
involved healthy subjects rather than actual trauma patients.
Second, instead of evaluating images that had been taken with
a cell phone and then transferred, the imaged files were analyzed
directly on a computer screen. Third, we used iPhone 4s and
iPhone 6 cell phones for the teleconsultations since most related
studies have used iPhone devices, and so it might be worthwhile
to repeat the experiment using Android cell phones in the future.
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Future studies should address the limitations of this study
including trying to mimic actual traumatic events.

Conclusions
Photography education is effective for both laypeople and
dentists. Further developments of teleconsultation using the
camera built into a cell phone require an optimal photo-taking

protocol that should include the following factors: (1) obtaining
frontal and occlusal images with proper retraction applied so
that 6 anterior teeth and soft tissue are clearly visible, (2) photos
should be taken by another person, and (3) the rear rather than
the front camera should be used in order to optimize the image
quality.
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Abstract

Background: Injury causing wounds is a frequent event. Inadequate or inappropriate treatment of injuries can threaten individual
health. However, little is known about wound care knowledge, attitudes, and practices and mobile health (mHealth) use in the
home environment in Taiwan.

Objective: This study aimed to evaluate wound care knowledge, attitudes, and practices and mHealth technology use among
social network users.

Methods: A cross-sectional survey on social media platforms was conducted on adults aged 20 years and older. Data were
collected from social network users in the home environment.

Results: A total of 361 participants were enrolled. The mHealth technology use of participants was positively correlated with
wound care knowledge (r=.132, P=.01), attitudes (r=.239, P<.001), and practices (r=.132, P=.01). Participants did not have
adequate knowledge (correct rate 69.1%) and were unfamiliar with the guidelines of proper wound care (correct rate 74.5%).
Most participants had positive attitudes toward wound care and mHealth technology use. A total of 95.6% (345/361) of participants
perceived that the use of mHealth technology can improve wound care outcomes, and 93.9% (339/361) perceived that wound
care products should be optimized to be used with a mobile device. However, 93.6% (338/361) of participants had no experience
using mHealth technology for wound care.

Conclusions: Our study shows the potential of mHealth technology to enhance wound care knowledge among social network
users. Thus, government agencies and medical institutions in Taiwan should provide easy-to-use information products that enhance
wound care knowledge, promote adequate behavior toward wound care, and prevent unpredictable or undesirable outcomes.

(JMIR Mhealth Uhealth 2020;8(3):e15678)   doi:10.2196/15678

KEYWORDS

mobile health; wound; knowledge; attitudes; practices; home environment

Introduction

Injuries causing wounds occur frequently. In 2015, up to 50
million people worldwide incurred injuries because of road

traffic crashes resulting in additional indirect health
consequences associated with this growing epidemic [1].
Inadequate or inappropriate treatment of injuries can threaten
individual health. Injuries contribute to approximately 10% of
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mortality and 12% of morbidity worldwide [2]. In Taiwan, cases
of road traffic accidents increased from 216,927 in 2007 to
403,906 in 2016, and this, in turn, resulted in an increase in the
injury rate [3]. Similarly, in the United States, the number of
road traffic accidents increased (from 2,491,000 in 2007 to
3,144,000 in 2016), and accordingly, the injury rate increased
[4]. Wound care is one of the major challenges for health care
systems [5,6] and accounts for 2% to 3% of the medical care
budget [7]. Moreover, the demand for wound care is increasing.
Patients who do not receive medical care or are discharged from
medical institutions usually perform wound care by themselves
at home. A study has found that 38.2% and 58.7% of patients
returning from hospitals did not know how to change their
dressing at home or how to clean the wounds, respectively [8].
Up to 84% of patients with surgical wounds return for regular
follow-up [6]. If the wound is not properly treated, it may lead
to infection (3% to 15%) [9,10]. Signs of wound infection
include fever, swelling, pain, and purulent exudate. Factors such
as corticosteroid use, smoking, and poor general health affect
wound healing [11]. Patients who are not taught how to perform
wound care and neglect the consequences of improper wound
care experience a substantial economic burden and reduced
quality of life [12].

Mobile health technology offers an alternative by increasing
access to wound care resources [13,14] and involves the use of
information and communication technology such as computers,
mobile phones, personal digital assistants, and wearable sensors
to deliver medical service and information [6,15]. In Taiwan,
there were 29.31 million mobile communication users in 2019
[16]. The number of the population who are using a mobile
phone to accessing internet is increase from 35.3% in 2011 to
88.2% in 2018 [17]. Mobile phone apps are an emerging tool
for wound care [18]. Mobile health (mHealth) technology can
support wound care knowledge, attitudes, and practices of social
network users. Using mHealth technology (1) supports self-care
among patients, (2) improves wound outcomes, (3) reduces care
costs, (4) has built-in alerts, (5) enhances remote consultation,
(6) promotes accurate assessment of wounds using wound
images, (7) improves quality of life, and (8) supports
nonspecialized caregivers [6,19-21]. Research has demonstrated
that a lack of wound care knowledge and skills negatively affects
the prognosis of wounds and health information technology use
positively affects prognosis [8]. Users must be considered when
designing health information technology [22]. Thus, wound
care knowledge, attitudes, and practices and the mHealth
technology use of social network users in Taiwan should be
evaluated. However, little is known about these aspects.
Therefore, this study aimed to evaluate the wound care
knowledge, attitudes, and practices and mHealth technology
use of individuals in the home environment in Taiwan. Findings

regarding the use of mHealth technology among social network
users were compared with prior work.

Methods

Study Design
We evaluated the wound care knowledge, attitudes, and practices
and mHealth technology use of individuals in the home
environment in Taiwan using a Web-based questionnaire survey.
We conducted this Web-based questionnaire survey on a social
media platform in the home environment between December
2015 and March 2016. Our subjects were Taiwanese individuals
who had received wound care and sought health care
information. A cross-sectional survey and network sampling
were conducted to recruit subjects with background
characteristics [23]. The study was approved by the National
Yang-Ming University Human Research Ethics Committee (No
YM104116E). A 4-part questionnaire was composed. Parts 1,
2, 3, and 4 were written to understand participant demographics,
wound care experience, wound care competence, and mHealth
technology use toward wounds, respectively. In the weeks
preceding the formal investigation, a pretest was conducted in
December 2015 with 31 subjects to ensure the clarity,
conciseness, and readability of the scales and determine the
approximate time required to complete the questionnaire. The
formal investigation was anonymously conducted through a
Web-based questionnaire survey addressed to participants in
March 2016. Respondents were assured that their privacy was
protected, and their informed consent was secured. To avoid
duplicate responses, we only accepted the first response from
the same internet protocol (IP) address without informing
participants.

Participants and Recruitment
Participants aged 20 years and older who had experience using
computers, communication devices, or consumer electronics
(the “3C” products) and the ability to understand and complete
an online informed consent form were included. Participants
were recruited in March 2016 through social media platforms
including Facebook and Professional Technology Temple (PTT)
pages created specifically for the survey. PTT is one of the
largest social media platforms in Taiwan [24]. Participants who
did not meet the inclusion criteria and those who submitted
multiple responses were excluded. According to an instrumental
study, the sample size should be greater than 300 if the target
population is over 5000 [25]. This survey was conducted from
March 4 to March 31, 2016, and garnered 372 responses, with
11 responses excluded (1: aged younger than 20 years, 4:
incomplete responses, and 6: same IP address). A total of 361
responses were included in the data analysis (Figure 1). The
effective response rate was 97.0%.
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Figure 1. Flow chart of the study design and screening process.

Instrument
We developed an instrument and defined questions according
to the literature reviews [5,8,11]. With regard to questions
related to wound care knowledge and wound care practices,
correct-error scales (10=correct, 0=error) were used. Answers
were considered correct if the items selected followed the wound
care guidelines [5,8,11]; otherwise, answers were considered
incorrect. With regard to questions related to wound care
attitudes and mHealth technology use, arithmetic scales
(10=strongly agree, 7.5=agree, 5=neutral, 2.5=disagree,
0=strongly disagree) were used.

Validity
To determine whether the instrument was appropriate and
concise, we consulted wound care experts on content validity.
Three experts—a licensed dermatologist working in a 2300-bed
medical center; a nurse director at Taiwan Wound, Ostomy, and
Continence Nurses Association; and an experienced nurse
supervisor working in the burn center at a 1200-bed medical
center—examined the entire instrument and offered suggestions
and opinions on its content. These experts helped with
appropriate wording and examined each item and the grouping.
All the experts agreed that the four parts of the questionnaire
were appropriate and clear. This questionnaire used a 4-point
Likert scale with anchors ranging from 1=very inappropriate,
2=somewhat inappropriate, 3=appropriate, and 4=very
appropriate and a 4-point Likert scale with anchors ranging
from 1=very unclear, 2=somewhat unclear, 3=clear, and 4=very
clear. The content validity index was 0.97, which was
acceptable. After validation by the experts, the online instrument
was created using Google Forms (Google LLC) and distributed
to the enrolled participants.

Reliability
In the pilot study, 31 participants were invited to complete the
online instrument; this was used to examine whether the wound
care knowledge, attitudes, and practices items and mHealth

technology use items in the instrument had internal consistency.
Cronbach alpha for the study was 0.72, which indicated
acceptable internal consistency reliability [26].

The survey consisted of approximately 60 questions and took
between 15 and 20 minutes to complete. Participants were
permitted to discontinue the survey anytime. Participants who
completed the survey and provided an email address received
an NT $100 (US $3.32) gift card to a retail store. Only
completed questionnaires were included in the analysis.
Participant identifiers were removed from the survey before
data analysis.

Statistical Analysis
SPSS Statistics 23 software package (IBM Corporation) was
used to analyze the data. Numbers, percentages, mean, standard
deviation, and Pearson correlation (r) were used to examine the
relationships between wound care knowledge, attitudes, and
practices and mHealth technology use among the participants.

Results

Background Characteristics
A total of 361 social network users were included in this study.
The main wound care knowledge resource among participants
was health care professionals (367/1081, 34%), followed by
experience/self-study (258/1081, 23.8%) and social
media/internet/other (250/1081, 23.2%) (Table 1). Of
participants, 60.7% (219/361) and 69.5% (251/361) had received
medical treatment in the past 6 months and had incurred skin
injuries in the previous year, respectively; 15.2% (55/361) were
diagnosed with wound infection by a doctor; 24.4% (88/361)
were not taught how to perform wound care; 33.2% (352/361)
and 15.8% (342/361) used mobile phones and the internet,
respectively; and while 78.1% (282/361) had been using mobile
phones for more than 3 years, 93.6% (338/361) had never used
the phone to look for wound care advice.
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Table 1. Background characteristics of the participants (n=361).

ValueCharacteristic

Gender, n (%)

235 (65.1)Male

126 (34.9)Female

Age in years, n (%)

156 (43.2)20-24

114 (31.6)25-29

59 (16.3)30-34

32 (8.8)≥35

26.5 (5.7)Age in years, mean (SD)

Education level, n (%)

15 (4.1)Associate degree

270 (74.9)Bachelor’s degree

76 (21.0)Master’s/doctorate degree

Marital status, n (%)

37 (10.2)Married

324 (89.8)Not married

Children, n (%)

339 (93.9)No

22 (6.1)Yes

Wound care knowledge resource (select all that apply) (n=1081), n (%)

204 (18.9)School health education course

367 (34.0)Health care professionals

258 (23.8)Experience/self-study

250 (23.3)Social media/internet/other

Wound Care Experience
The mean wound length and width were 4.02 (SD 5.71) cm and
2.40 (SD 2.73) cm, respectively. The primary causes of wounds
were traffic accidents (124/361, 34.3%), penetrating injuries
(59/361, 16.3%), and surgeries/diseases (58/361, 16.1%). A
total of 48.5% (175/361) of participants incurred
abrasion/contusion, 19.9% (72/361) incurred cuts, and 11.6%
(42/361) other types of wounds. The primary causes of hospital
visits were abrasions/contusions (184/606, 30.4%), lacerations

(130/606, 21.5%), and cuts (105/606, 17.3%). Most of the
participants incurred a wound on the knee (120/432, 27.8%),
arm (87/432, 20.1%), or finger (86/432, 19.9%). Moreover,
89.8% (324/361) of participants applied the wound dressing by
themselves, and 80.6% (291/361) had experience treating their
own wound or treating others’ wounds at the hospital. Many
participants (260/361, 72.0%) were afraid or lacked confidence
in treating their own or others’ wounds. Wound care experience
of the participants is presented in Table 2.
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Table 2. Wound care experience of participants (n=361).

Value n (%)Characteristic

Primary cause of wound

124 (34.3)Traffic accident

59 (16.3)Penetrating injury

58 (16.1)Surgery/disease

57 (15.8)Falls

38 (10.5)Other/unclear

13 (3.6)Burn

12 (3.3)Bite/scratch

Number of wounds

226 (62.6)1

72 (19.9)2

31 (8.6)3

32 (9.1)>3

Type of wound

175 (48.5)Abrasion/contusion

72 (19.9)Cuts

42 (11.6)Other

32 (8.9)Laceration

24 (6.6)Unclear

7 (1.9)Scratch

5 (1.4)Insect bites

4 (1.1)Bruising

Type of wound requiring hospital visit, select all that apply (n=606)

184 (30.4)Abrasion/contusion

130 (21.5)Laceration

105 (17.3)Cuts

54 (8.9)Insect bites

50 (8.3)Unclear

47 (7.8)Bruising

36 (6.0)Other

Location of wound, select all that apply (n=432)

120 (27.8)Knee

87 (20.1)Arm

86 (19.9)Finger

41 (9.5)Leg

31 (7.2)Other

26 (6.0)Wrist

18 (4.2)Buttock

13 (3.0)Facial

10 (2.3)Head

Wound appearance

122 (19.4)No sign of infection
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Value n (%)Characteristic

97 (15.4)Dirty

181 (28.8)Partial thickness skin loss

201 (32.0)<10 cc bleeding

28 (4.5)>10 cc bleeding

Type of wound disinfectant used, select all that apply (n=550)

242 (44.0)Povidone-iodine solution

200 (36.4)Normal saline solution

74 (13.5)Antibiotic ointment

23 (4.1)Mercurochrome/acrinol

11 (2.0)Other

Type of wound dressing used, select all that apply (n=534)

216 (40.4)Gauze

135 (25.3)Adhesive bandage

107 (20.0)DuoDERM

30 (5.6)Antimicrobial dressing

27 (5.1)No dressing used

6 (1.1)Collagen dressing

6 (1.1)Chinese medicine dressing

7 (1.3)Other

Wound Care Knowledge, Attitudes, and Practices
For wound care knowledge, more participants could correctly
identify a photo of an abrasion wound than a diabetic foot or
pressure ulcer wound. The percentage of participants with
wound care knowledge was 69.1% (Table 3).

For wound care practices, most participants assessed wound
appearance before dressing (339/361, 93.9%). Most participants
washed their hands before the last wound dressing they
performed (327/361, 90.6%). Less than one-quarter of
participants (84/361, 22.4%) used a sterile cotton swab for

wound dressing. The mean rate of correct wound care practices
was 74.5% (Table 3).

For the wound care attitudes, 28.5% (103/361) of participants
showed that they had good knowledge of assessing a wound
(Table 4). Half of participants (183/361, 50.7%) worried about
lacking ability to perceive wound infection or complication.
Most participants (330/361, 91.5%) thought that the method of
managing wounds was important for wound healing. However,
only 27.1% (98/361) of participants had the confidence to care
for wounds correctly.
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Table 3. Wound care knowledge and practices (n=361).

RankScorea (Correct %)Topic

Wound care knowledge

19.9 (86.4b)Identify image of an abrasion wound

26.4 (63.7c)Identify image of a diabetic foot

34.3 (42.7d)Identify image of a pressure ulcer wound

110 (99.7)I believe not smoking promotes wound healing

29.4 (94.2)I believe nutrition may be a factor in promoting wound healing

39.3 (93.4)I believe getting enough sleep may be a factor in promoting wound healing

47.6 (75.6)I believe not using steroids may be a factor in promoting wound healing

55.8 (58.0)I believe keeping the moisture balance of the wound bed can help wound healing

64.0 (40.1)I believe appropriate exercise may be a factor in promoting wound healing

19.4 (93.6)I believe abnormal exudate may be a sign of wound infection

27.8 (77.6)I believe redness and swelling may be signs of wound infection

36.8 (67.6)I believe fever may be a sign of wound infection

46.3 (63.4)I believe pain may be a sign of wound infection

51.2 (11.6)I believe cold may be a sign of wound infection

Wound care practices

19.4 (93.9)Assess wound appearance before dressing (eg, redness, exudate)

39.1 (90.6)Wash hands before dressing wound

76.7 (67.1e)Remove gauze after rinsing wound with normal saline solution or boiled water

67.0 (69.6f)Use normal saline solution or boiled water to clean wound

82.2 (22.4g)Use sterile cotton swab to dress wound

29.3 (92.8h)Use dressing that covers wound margin by at least 1 cm all around

57.7 (76.8i)Contact position between the finger/clip and the dressing when covering

48.3 (82.9)Wash hands after dressing wound

aCorrect-error scales: 10=correct, 0=error.
bBruising (0.8%), laceration (10.2%), cuts (0.3%), burns (1.9%), arteriovenous ulcer (0.3%).
cBruising (2.5%), laceration (0.3%), abrasion/contusion (1.1%), burns (20.5%), arteriovenous ulcer (6.1%), pressure ulcer (5.8%).
dBruising (3.6%), laceration (5.5%), cuts (0.6%), abrasion/contusion (10%), burns (13.6%), diabetic foot (17.7%), arteriovenous ulcer (6.4%).
eRemoving sticking gauze directly (23.0%), removing gauze after rinsing with tap water (2.5%), removing gauze after rinsing with povidone-iodine
solution (2.5%), removing gauze after rinsing with alcohol-iodine solution (2.8%), removing gauze after rinsing with hydrogen peroxide solution (1.1%),
other (1%).
fNo cleaning of wound (5.8%), tissue (7.2%), gauze (5.3%), tap water (10.2%), other (1.7%).
gTissue (3.6%), gauze (15.5%), nonsterile cotton swab (22.4%), other (1.1%).
hSmaller than wound’s margin (2.2%); equal to wound’s margin (5%).
iThe wound contact side of dressing (23.2%).
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Table 4. Wound care attitudes (n=361).

Positive (score

7.5, 10a) n (%)
Neutral (score 5a)
n (%)

Negative (score 0,

2.5a) n (%)

Attitude

103 (28.5)195 (54.0)63 (17.5)I know very well how to assess wound.

68 (18.8)110 (30.5)183 (50.7)I am worried about my lack of ability to perceive wound infection or complication.

330 (91.4)25 (6.9)6 (1.7)I think that the method of managing a wound is important for wound healing.

98 (27.2)186 (51.5)77 (21.3)I am confident I am doing wound care correctly.

aArithmetic scale: 10=strongly agree, 7.5=agree, 5=neutral, 2.5=disagree, 0=strongly disagree.

Mobile Health Technology Use
Most of the participants responded neutral to positively to the
following (Table 5): it is important to use mHealth technology
in wound care (345/361, 95.6%); the use of mHealth technology
in wound care can be helpful in improving wound care outcomes
(345/361, 95.6%); wound care information products should be

optimized for mobile devices (339/361, 93.9%) and should be
easy to use (341/361, 94.4%); and I am interested in how
mHealth technology can help me take care of wounds (347/361,
96.1%). The mHealth technology use of participants was
positively correlated with wound care knowledge (r=.132,
P=.01), attitudes (r=.239, P<.001), and practices (r=.132,
P=.01).

Table 5. Mobile health technology use of participants (n=361).

Positive (score

7.5, 10a) n (%)
Neutral (score 5a)
n (%)

Negative (score 0,

2.5a) n (%)

Content

181 (50.2)164 (45.4)16 (4.4)It is important to use mobile health technology in wound care.

236 (65.4)109 (30.2)16 (4.4)The use of mobile health technology in wound care can be helpful in improving wound
care outcomes.

210 (58.2)129 (35.7)22 (6.1)Wound care information products should be optimized for mobile devices.

242 (67.0)99 (27.4)20 (5.6)Wound care information products should be easy to use.

255 (70.6)92 (25.5)14 (3.9)I am interested in how mobile health technology can help me take care of wounds.

aArithmetic scale: 10=strongly agree, 7.5=agree, 5=neutral, 2.5=disagree, 0=strongly disagree.

Discussion

Principal Findings
This study showed that most participants (345/361, 95.6%)
understood the importance of using mHealth technology and
96.1% (347/361) of participants were interested in using this
method to help them take care of wounds at home. Most
participants (324/361, 89.8%) had wound dressing experience,
but participants lacked confidence in their ability to assess and
perform wound care correctly (260/361, 72%). Most wounds
can be self-managed at home [27]. Hence, patients should be
taught how to perform basic wound assessment and determine
any signs of complications and infections [8]. Most participants
had a positive attitude toward wound care and mHealth
technology use, but they did not have adequate knowledge
(correct rate 69.1%) and were unfamiliar with the guidelines in
performing proper wound care (correct rate 74.5%). Removing
gauze sticking to the wound without wetting the gauze, which
might harm granulating tissue, was not commonly done. A total
of 30.4% of the participants did not use normal saline solution
or boiled, sterilized water in cleaning the wound. The use of
disinfectants to clean wounds with no sign of infection is not
conducive to wound healing; hence, cleaning uninfected wounds
with normal saline or boiled, sterilized water was suggested
[11]. In addition, the sterile concept should be explained since
patients used nonsterile cotton swabs, easily available at home,

to clean wounds. Additionally, whether nonsterile cotton swabs
can be used as an alternative to sterile cotton swabs in
nonhospital settings should be further studied.

Comparison With Prior Work
Wound care education can improve wound care attitudes and
reduce the fear of taking care of wounds [5,10]. Participant
wound care knowledge was positively correlated with wound
care practices [28,29]. Thus, improving the wound care
knowledge of the patient can enhance wound care skills [5].
Participants’ main resources for wound care knowledge were
health care professionals. Other studies have found similar
trends in which most social network users responded that contact
with online professionals was somewhat important or very
important [30]. Our study had similar results; in addition, we
showed that participant wound care competency was positively
correlated with mHealth technology use. Thus, policymakers
should focus on increasing mHealth technology use and wound
care competency among social network users in Taiwan. In
addition, 95.6% of participants presumed that the application
of mHealth technology can improve wound care outcomes, and
93.9% (339/361) perceived that wound care information
products should be optimized to use with a mobile device.
Developing software for mobile devices such as visual reality
simulation for wound care to increase the interaction with wound
care learners should be considered. In addition, developing
artificial intelligence that can determine wound type or signs
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of infection is recommended, and a health care professional
must be consulted to receive the correct care recommendations.

Limitations
This study had some limitations. A single platform was used in
selecting the sample. The findings of this study are limited to
adults living in Taiwan, and the mean age was 26.5 years.
Samples were not representative of all social network users in
Taiwan as there were restrictions in patients’ age and wound
type. Moreover, as self-report was adopted to understand the
wound care knowledge, attitudes, and practices, it is possible
that participants adhered to perceived social norms.

Conclusion
Our study showed the potential of mHealth technology in
enhancing wound care knowledge, attitudes, and practices
among social network users in Taiwan. Most participants
responded that it is important to apply mHealth technology in
wound care. However, most of them had not used mHealth
technology for wound care. Therefore, our results can serve as
an important reference for conducting further studies on the use
of mHealth technology in wound care among social network
users in the home environment. The association among wound
care knowledge, attitudes, and practices and mHealth technology
suggests that government agencies and medical institutions
should provide correct information for wound care knowledge
to promote appropriate behavior toward wound care and prevent
unpredictable or undesirable outcomes.
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Abstract

Background: Many public health programs and interventions across the world increasingly rely on using information and
communications technology (ICT) tools to train and sensitize health professionals. However, the effects of such programs on
provider knowledge, practice, and patient health outcomes have been inconsistent. One of the reasons for the varied effectiveness
of these programs is the low and varying levels of provider engagement, which, in turn, could be because of the form and mode
of content used. Tailoring instructional content could improve engagement, but it is expensive and logistically demanding to do
so with traditional training

Objective: This study aimed to discover preferences among providers on the form (articles or videos), mode (featuring peers
or experts), and length (short or long) of the instructional content; to quantify the extent to which differences in these preferences
can explain variation in provider engagement with ICT-based training interventions; and to compare the power of content
preferences to explain provider engagement against that of demographic variables.

Methods: We used data from a mobile phone–based intervention focused on improving tuberculosis diagnostic practices among
24,949 private providers from 5 specialties and 1734 cities over 1 year. Engagement time was used as the primary outcome to
assess provider engagement. K-means clustering was used to segment providers based on the proportion of engagement time
spent on content formats, modes, and lengths to discover their content preferences. The identified clusters were used to predict
engagement time using a linear regression model. Subsequently, we compared the accuracy of the cluster-based prediction model
with one based on demographic variables of providers (eg, specialty and geographic location).

Results: The average engagement time across all providers was 7.5 min (median 0, IQR 0-1.58). A total of 69.75% (17,401/24,949)
of providers did not consume any content. The average engagement time for providers with nonzero engagement time was 24.8
min (median 4.9, IQR 2.2-10.1). We identified 4 clusters of providers with distinct preferences for form, mode, and length of
content. These clusters explained a substantially higher proportion of the variation in engagement time compared with demographic
variables (32.9% vs 1.0%) and yielded a more accurate prediction for the engagement time (root mean square error: 4.29 vs 5.21
and mean absolute error: 3.30 vs 4.26).

Conclusions: Providers participating in a mobile phone–based digital campaign have inherent preferences for instructional
content. Targeting providers based on individual content preferences could result in higher provider engagement as compared to
targeting providers based on demographic variables.
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Introduction

The recent proliferation and adoption of information and
communications technology (ICT) have the potential to
transform learning among health professionals [1]. Riding the
technology wave, many public health programs and
interventions across geographies and therapeutic areas leverage
ICT-based interventions to train and sensitize health
professionals [2]. They provide a cost-effective mechanism to
reach professionals [3], especially to engage with geographically
distant or fragmented providers [4].

However, the evidence regarding the effects of ICT-based
interventions on provider knowledge, attitude, practice, and,
consequently, patient health outcomes is not unequivocal [5].
One of the reasons for their uncertain effectiveness is low [6]
and varying levels [7] of provider engagement within the
ICT-based interventions. Among various factors that could
explain heterogeneity [8], the format and mode of instructional
content are known to play an important role in improving
provider engagement with ICT-based interventions [9,10].

Prior research has shown that the customization of instructional
content could enhance the learning experience in academic
settings among medical students [11]. In the case of
nonacademic provider-focused training interventions as well,
customization of instructional content could improve provider
engagement, but it may not always be feasible. Especially, in
the case of traditional training methods such as lectures and
conferences, the assessment of learners’ preferences could be
expensive, and customized delivery of content could be
logistically demanding [12]. In contrast, ICT-based training
interventions make it feasible to tailor content to providers’
preferences, providing the much-needed learner-centric approach
[13].

This study aimed to determine content preferences among
providers in terms of form (articles or videos), mode (featuring
peers or experts), and length (short or long) of instructional
content. We used the inherent content preferences among
providers to explain variation in provider engagement with
ICT-based training interventions. We compared the magnitude

of variation in provider engagement explained by content
preferences with that explained by demographic variables. The
research questions have been addressed by analyzing data from
a mobile phone–based provider training intervention, which
was designed to improve tuberculosis (TB) diagnostic practices
among private providers in India.

Methods

Study Setting and Participants
We collaborated with a third-party mobile phone–based
platform, which helps providers to discuss real-life medical
cases with the provider community. At the start of the
intervention, more than 225,000 private providers were
registered on the platform. For our study, we chose providers
who logged into the platform at least once a month and further
narrowed our list by choosing providers from 5
specialties—general practice, internal medicine, obstetrics and
gynecology, pediatrics, and pulmonology—which account for
the bulk of patients with TB initiated on anti-TB treatment [14].
A total of 24,949 private providers spread across 1734 cities
and towns in India participated in the campaign, which ran from
February to November 2017.

Intervention
We launched a digital campaign on the mobile phone–based
platform through a dedicated page called ThinkTB. The digital
campaign focused on the dissemination of TB diagnostic best
practices among private providers in India. It showcased 10
content pieces—5 videos, 3 articles, and 2 interactive games
(Table 1). In the first phase, the campaign content aimed at
raising awareness and interest among providers. In the second
phase, it progressed to interactive content and games to inculcate
trial and advocacy. We tailored the content pieces according to
the providers’ specialty (Figure 1) to highlight their respective
roles in the diagnosis of TB. For example, for video 2 launched
in April 2017, the pediatricians were shown a video titled Role
of pediatricians in diagnosing TB, whereas the gynecologists
were shown a video titled Female genital tract TB: A diagnosing
challenge?
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Table 1. Details of content pieces delivered in the ThinkTB campaign.

Target specialtyTopicMonth and content

February 2017

Video 1 •• General practiceRole of GPa in the management of TBb in India
• Internal medicine and pulmonology• Keeping up with the changing diagnostic paradigms in TB
• Gynecology• Inability to conceive: could this be TB?
• General practice• Role of GP in the management of TB in India

March 2017

Article 1 •• General practiceRole of GPs in the management of TB in India
•• PediatricsVague presentation of TB in pediatric population
•• Obstetrics and gynecologyInability to conceive: could this be TB?

• •Comparative features of tests for diagnosis of tuberculosis Internal medicine and pulmonology

Webcast 1 •• General practiceRole of GPs in diagnosis of TB
•• GynecologyFemale genital TB: myths and facts
•• PulmonologistsRole of pulmonologists in diagnosing TB

• •Endorsed tests for diagnosis of pulmonary and extra-pulmonary TB Internal medicine

April 2017

Video 2 •• PediatricsRole of pediatricians in diagnosing TB
•• GynecologyFemale genital tract TB: a diagnosing challenge?
•• General practiceTuberculosis: a growing health concern

• •Tuberculosis: guide to early detection Internal medicine and pulmonology

Article 2 •• GynecologyFemale genital tuberculosis: a diagnosing challenge?
•• General practiceTuberculosis: a growing health concern
•• PediatricsPediatric tuberculosis: an overview

• •Tuberculosis: all you need to know Pulmonology
•• Internal medicineTuberculosis: guide to early detection

June 2017

GynecologyArticle Gyn • An article on drug resistant tuberculosis (10 principles for effective
management)

AllCalculator • Efficient diagnostic tool

September 2017

AllExpert video 1c • How does one diagnose and treat MDR-TBd?
• How does one treat tuberculosis?
• How to interpret discordant results?
• Complex case of tuberculosis
• Complex case of FGTBe

• Complex case of drug resistance

October 2017

AllBMJ training • Accredited E-training module extrapulmonary and pulmonary tuberculosis

November 2017

AllExpert video 2c • What are the recommended tests for pulmonary tuberculosis and which
tests are discouraged?

• What test can be used for diagnosing tuberculosis pleural effusion?
• What is the ideal or the best diagnostic algorithm for tuberculosis today?

aGP: general practitioner.
bTB: tuberculosis.
cThe mapping of expert videos with the specialty was 1 to many.
dMDR-TB: multidrug-resistant tuberculosis.
eFGTB: female genital tuberculosis.
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Figure 1. Mobile screenshots of content pieces from the ThinkTB campaign.

Data
We had access to 3 datasets pertaining to the providers, content
pieces, and the interaction of the provider with the content
pieces. The first dataset was unique at a provider level and
included provider information—provider specialty and city of
practice—which was recorded when the providers registered
on the mobile platform. The third-party platform had segmented
cities into 3 city tiers (tier 1, tier 2, and tier 3) based on a
classification used by the Indian government to set the minimum
daily wage for agricultural and industrial workers in India and
estimate the house rent allowance provided by the Central
Government of India to its employees [15]. The second dataset
was unique at the content piece level and included classification
of each content piece by its format (articles or videos), mode
(videos featuring either peers or subject matter experts from the
provider community), and length (long content, which is >10

min, or short content, which is ≤10 min) as shown in Table 2.
The third dataset was unique at the provider-content piece level
and recorded the engagement time defined as the time spent by
a provider on a content piece (reading or viewing). We defined
the content piece to be consumed if the engagement time
associated with the content piece was greater than zero.

We combined the 3 datasets to obtain a comprehensive dataset
with 24,949 observations, each representing a unique provider.
It contained the following variables: provider specialty; city;
city tier; the engagement time spent on each content piece; and
the format, mode, and length of the content pieces. We excluded
providers who had zero engagement time and further removed
outliers with engagement time greater than the sum of the third
quartile and 1.5 times the IQR. The remaining providers with
nonzero engagement time were taken into consideration for
analysis.
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Table 2. Categorization of content pieces.

ModeaLengthFormatContent piece

N/AbShortArticleArticle 1

PeerShortVideoVideo 1

PeerLongVideoWebcast 1

N/AShortArticleArticle 2

PeerShortVideoVideo 2

N/AShortArticleCalculator

N/AShortArticleArticle Gyn

ExpertShortVideoExpert video 1

ExpertShortVideoExpert video 2

N/ALongArticleBMJ training

aMode is only defined for videos.
bNot applicable.

Analysis
We used engagement time with the campaign as the primary
outcome to assess provider engagement. We conducted our
analysis in 2 steps as has been described in the following
subsections. As described in the subsection Discovering Content
Preferences Among Providers, providers were segmented into
clusters based on the proportion of time spent on content formats
and modes to discover their content preferences. As explained
in the subsection Predicting Provider Engagement, separate
regression models were fitted to assess the extent to which the
variation in engagement time can be explained by clusters and
demographic variables. All analyses were performed using R
3.4.3 (The R Foundation) [16].

Discovering Content Preferences Among Providers
We calculated 3 proportions of engagement time spent by a
provider using the content classifications described earlier. For
the 2 formats (text and video), read proportion was calculated
as the proportion of engagement time spent by a provider on
reading articles. For the 2 modes of videos (peer and expert),
expert proportion was calculated as the proportion of
engagement time spent by a provider on videos featuring an
expert. For the 2 types of lengths, short proportion was
calculated as the proportion of engagement time spent on
consuming short content pieces.

These 3 proportions were used to cluster providers using the
k-means algorithm [17]. The k-means algorithm partitioned
providers into clusters such that the providers were well matched
to other providers in their own clusters but were very different
from those in the other clusters. The optimal number of clusters
was determined using the average silhouette width method [18].
A higher value of silhouette width of observation indicates that
the observation is well matched to its cluster and poorly matched
to neighboring clusters. We varied the number of clusters from
2 to 15 to determine an optimal number of clusters. Moreover,
Chi-square tests were performed to assess the similarity of
clusters in terms of the city tier and specialty distribution among
them.

Predicting Provider Engagement
We estimated 2 linear regression models to explain the variation
in provider engagement with the campaign using engagement
time as the outcome variable. For the first model (model A),
clusters were used as a predictor variable. For the second model
(model B), provider-level demographic variables (specialty and
city tier) were used as predictor variables. The number of
providers in the regression models was 6482 after data cleaning,
as has been explained in previous sections.

The demographic variable–based model was compared with the
cluster-based model based on its predictive power. A 10-fold
cross-validation method was used, which is commonly used for
model selection [19]. For each dataset, 9 parts were used for
training the model and the tenth part for testing it. This process
was repeated 10 times, ensuring that each dataset partition
served as a test set. We then compared the average of
cross-validation root mean square error (RMSE) and mean
absolute error (MAE) for the 2 models.

Results

Dataset
The comprehensive dataset consisted of 24,949 providers. Table
3 shows the distribution of these providers by specialty and city
tier. On one hand, general practice physicians accounted for the
largest share of providers by specialty. On the other hand, tier
3 cities accounted for the largest share of providers by city tiers.
As shown in Figure 2, the mix of providers by specialty varied
across the 3 city tiers (Chi-squarePP<). The median engagement
time for 24,949 providers was 0 min (mean 7.5, IQR 0-1.58),
as 69.75% (17,401/24,949) of providers did not consume any
content. Moreover, 30.25% (7548/24,949) of providers
consumed at least one content piece. The engagement among
providers with engagement time greater than 0 min varied
significantly, as the median engagement time was 4.9 min (mean
24.8, IQR 2.2-10.1).

We excluded 69.75% (17,401/24,949) providers who had zero
engagement time and further removed 1.36% (339/24,949)
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outliers with engagement time greater than the sum of the third
quartile and 1.5 times the IQR. As described in the Analysis
section, we calculated read proportion, expert proportion, and
short proportion for providers. We excluded 2.91% (727/24,949)
providers who had undefined proportions (zero divided by zero)
for the calculated proportions. Our final dataset contained 6482
providers after removing outliers. The engagement time for
these providers, too, varied with median engagement time of
5.2 min (mean 6.6, IQR 2.42-9.83). It also varied by provider

specialty and city tier. Among provider specialty, general
practice physicians recorded the highest average engagement
of 7.2 min, whereas internal medicine physicians recorded the
lowest at 6.09 min. Among city tiers, tier 3 providers engaged
the highest with the platform, spending an average of 6.8 min,
whereas tier 1 providers engaged the lowest at 6.3 min. We
conducted one-way analysis of variance tests and found that the
engagement time was statistically different across specialty
(P<.001) and city tiers (P=.007).

Table 3. Provider participation by city tier and specialty.

Specialty, nCity tiers

TotalPulmonologyPediatricsObstetrics and gynecologyInternal medicineGeneral practice

71944351507176616101876Tier 1

87325881830211919092286Tier 2

90234421850207717302924Tier 3

24,94914655187596252497086Total

Figure 2. Provider count in the activity dataset by specialty and city tier.

Discovering Content Preferences Among Providers
The average silhouette width was the highest at 0.68 for 14
clusters (Figure 3). However, we chose the number of clusters

to be 4, with a marginally lower average silhouette width of
0.66 because of the ease of interpretability of the resulting
clusters. Table 4 describes the clusters and their characteristics,
which has been explained as follows.
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Figure 3. Optimal number of clusters using the average silhouette width method.

Table 4. Clusters and their characteristics.

Average silhou-
ette width

Engagement time spent on
expert-driven content, %

Engagement time spent
on short content, %

Engagement time spent
reading, %

Providers, nCluster

0.812.097.31.724251. Peer-driven mi-
crowatchers

0.7592.798.85.77722. Expert-driven mi-
crowatchers

0.343.187.550.79233. Peer-driven microread-
ers

0.612.320.55.923624. Peer-driven long
watchers

0.6613.168.110.76482Total

The largest cluster containing 2425 providers was labeled as
peer-driven microwatchers. It was also the cluster with the
highest average silhouette width (0.81), indicating that there
was higher homogeneity within the cluster when compared with
heterogeneity across other clusters. Providers in this cluster
spent 98.27% (8493/8642 min) of their time watching videos.
They spent 97.28% (8408/8642 min) of their time engaging
with short content. Between video modes, they preferred
peer-driven content, as they spent 97.95% (8097/8266 min) of
their time on peer-driven content.

The second cluster was labeled as expert-driven microwatchers,
which was the smallest cluster with 772 providers. Providers
in this cluster spent 94.27% (2850/3024 min) of their time
watching videos and 98.85% (2989/3024 min) of their time
engaging with short content. However, in contrast with providers
in the first cluster, providers in the second cluster spent 92.67%
(2526/2726 min) of their time watching expert-driven videos,

indicating that they preferred expert-driven content over
peer-driven content.

The third cluster was labeled as peer-driven microreaders. This
cluster had 923 providers and registered the smallest average
silhouette width of 0.34, indicating that the providers in this
cluster were less similar among themselves than providers in
other clusters. Providers in this cluster spent more time reading
(50.65%, 3870/7640 min) than watching (49.35%, 3770/7640
min). They preferred short content and peer-driven videos, as
they spent 87.52% (6687/7640 min) on short content and 96.95%
(3924/4047 min) of their time on peer-driven videos.

The fourth cluster with 2362 providers was labeled as
peer-driven long watchers. Providers in this cluster spent
94.06% (22,288/23,696) of their time watching videos and
97.70% (21,535/22,041 min) of their time watching videos that
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featured peers. Moreover, they spent 79.51% (18,841/23,696
min) of their time engaging with longer content.

Figures 4 and 5 show the composition of clusters by specialty
and city tier, respectively. The proportion of general practice
physicians was between 33.5% (259/772) and 44.88%

(1060/2362), whereas the proportion of tier 1 providers was
between 27.05% (639/2362) and 30.2% (233/772) across all 4
clusters. The Chi-square tests revealed that the city tier mix was
similar across the clusters (P=.17), but the specialty mix among
the clusters was different (P<.001).

Figure 4. Composition of clusters by specialty.

Figure 5. Composition of clusters by city tier.
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Predicting Provider Engagement
Table 5 shows the results from the linear regression models that
use clusters (model A) and demographic variables (model B)
to explain variation in provider engagement. For model A, the

R2 statistic was 0.329, whereas the R2 statistic for model B was
0.010. In other words, clusters were able to explain a
significantly higher proportion of the variation in engagement
time when compared with that explained by demographic
variables (32.9% vs 1.0%).

Table 5. Regression results for model A (cluster-based model) and model B (demographic variable–based model).

Dependent variable (engagement time)Independent variables

Model B- Coefficient (standard error)a,cModel A- Coefficient (standard error)a,b

N/Ae0.353d (0.177)Cluster 2

N/A4.713f (0.166)Cluster 3

N/A6.468f (0.124)Cluster 4

−1.116f (0.179)N/ASpecialty, internal medicine

−1.030f (0.182)N/ASpecialty, obstetrics and gynecology

−0.644f (0.187)N/ASpecialty, pediatrics

−0.902f (0.297)N/ASpecialty, pulmonology

0.364d (0.164)N/ACity tier, tier 2

0.393d (0.162)N/ACity tier, tier 3

6.934f (0.147)3.564f (0.087)Constant

aObservations used: 6482
bR2: 0.329; Adjusted R2: .0329
cR2: 0.010; Adjusted R2: .0.009
dP<.05.
eNot applicable.
fP<.01.

Table 6 compares the RMSE, R2 statistic, and MAE from the 2
predictive models based on the 10-fold cross-validation method.
In addition to being able to explain a significantly higher

proportion of variation in engagement time, we observed that
model A also resulted in 17.7% lower RMSE and 22.7% lower
MAE than that of model B.

Table 6. Comparison between regression models for engagement time based on 10-fold cross-validation error rates.

Difference (%; calculated as model B
−model A)/model B)

Model B based on demographic
variables (specialty, city tier)

Model A based on behavioral
variables (clusters)

Evaluation metrics

17.75.214.29Root mean square error

−3275.70.010.33R2 statistic

22.74.263.30Mean absolute error

Discussion

Principal Findings
This study analyzed a mobile phone–based campaign that
focused on educating private providers in India on TB diagnostic
practices. It was found that there is heterogeneity in provider
engagement with ICT-based training interventions. We also
found that providers have inherent preferences for the type of
instructional content. Content preferences were used to cluster
providers, and it was shown that these clusters explain the
variation in provider engagement better than the demographic
variables such as provider specialty and city tier.

ICT-based public health interventions are often low intensity,
have a wide reach, and witness low provider engagement [20].
In our study, providers spent an average of 7.5 min with the
yearlong ThinkTB campaign, which is lower than that observed
in similar interventions across the world [21]. However, the
relatively lower engagement may be because of a significantly
wider reach when compared with similar precedents, indicating
an engagement vs reach trade-off in provider training
interventions. Similar to previous studies, provider engagement
with the ThinkTB campaign varied significantly, which could
have affected the overall effectiveness of the campaign. The
variation in provider engagement is important because there is
some evidence that provider engagement and effectiveness of
public health interventions are closely related [22]. In particular,
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providers who have lower engagement with the intervention
often have worse patient outcomes [21,23].

Discovering Content Preferences Among Providers
Our clustering analysis identified groups of providers with
homogeneous content preferences despite inherent individual
content preferences among providers. Notably, it did not feature
all possible combinations of content format, mode, and length.
For example, there is no cluster of providers who prefer to watch
longer videos featuring experts. This is because, given the
number of clusters, the k-means algorithm chooses clusters with
the highest average silhouette width across clusters. An increase
in the number of clusters would mean poorer interpretability,
and thereby, lower feasibility of catering to those additional
clusters.

Our clustering analysis confirmed prior research, which shows
that health care professionals are known to have individual
content preferences [11]. One of the methods used to study
instructional content preferences among medical students is the
VARK model, which measures preferences for 4 content
forms—visual, auditory, reading/writing, and kinesthetic
(VARK) [23]. Our study differed from such studies in two ways.
First, prior work studied content preferences in an academic
context, largely to educate medical students. In contrast, we
studied content preferences among practicing providers through
a digital campaign geared toward changing their diagnostic
behavior. Second, our study identified preferences for
unexplored content types that are important for ICT-based
interventions to engage with practicing providers in a
nonacademic setting. For example, our campaign included 2 of
the 4 content forms proposed by the VARK model—visual
(videos) and reading/writing (articles). In addition to the content
format (video or article), our study also identified preferences
for other content types—mode (expert-driven or peer-driven)
and length (long or short)—which could provide insights for
designing future ICT-based interventions.

Our clustering analysis highlighted two themes that were
common for most of the providers. First, providers, on average,
preferred shorter content. This is an intuitive outcome, especially
for Indian health professionals who experience high burnout
rates and work-related stress [24,25]. Given the time constraints,
they would presumably prefer to consume shorter content on
ICT-based platforms. Second, most providers, on average,
preferred watching videos to reading articles. The VARK model
suggests that instructional content preferences among medical
students vary by study. In particular, there is no clear preference
between video and reading/writing content forms among medical
students [26-28]. However, our results showed that, on average,
providers have a strong preference for video content, as they
spent only 10.7% of their time reading articles (Table 4). This
difference in results could be because we studied content
preferences among practicing providers in a nonacademic
setting, unlike studies involving VARK models, which studied
content preferences among medical students in an academic
setting.

Although the literature is mostly equivocal on the impact of
catering to such preferences [29], there is some evidence that
customization could result in efficient and effective learning

[30]. Within health care settings as well, catering to individual
preferences of medical practitioners participating in health care
interventions is known to drive the effectiveness of health care
interventions [31]. Although content preferences may be
individual to every provider, our clustering analysis shows that
they could be identified at a group level too.

Predicting Provider Engagement
A comparison of prediction models revealed that clusters based
on content preferences predicted engagement time better than
demographic variables. We also showed that the composition
of clusters varied by specialty but not by city tier, thereby
implying that demographic variables may not always be
associated with content preferences, and hence, the ability of
demographic variables to explain the variation in behavior may
be different from that of clusters formed on the basis of content
preferences.

At first glance, better prediction of engagement using clusters
may seem obvious because clusters were created using a
measure of engagement time. However, it is important to note
that we used the proportion of engagement time spent by
providers on various types of content and not the absolute
magnitude of the engagement time. This implies that 1 cluster
can contain providers with varying levels of engagement (low
and high) as long as the proportions of time spent on different
content types are similar. Hence, clusters are not guaranteed to
provide a better prediction of engagement time by definition.

Recommendations
Using content preferences to engage with providers has
important implications for provider-focused training
interventions. Provider-focused training interventions often
target providers based on demographic variables, such as
geographic location (rural, urban, etc), provider specialty
(internal medicine, family practice, etc), or clinical setting
(university, private practices, etc) [32-34]. Such interventions
are unable to recognize and leverage heterogeneity in content
preferences at an individual level. Our study provides evidence
that suggests moving away from provider demographic
information. We propose that training interventions leverage
ICT-based platforms to learn individual preferences and deliver
customized content based on provider preferences instead of
demographic variables.

Learning provider preferences could be operationally
challenging, but ICT tools could act as the enabler of the
proposed approach. When compared with traditional
counterparts, such as physical outreach visits and conferences,
ICT-based training interventions are flexible in terms of training
timing and sequences and improved access to geographically
dispersed providers [35]. Their interactive nature allows
dynamic assessment of learners’ preferences without which
public health interventions resort to using demographic variables
for engaging with providers. In addition, ICT-based
interventions are adaptable to deliver customized content based
on individual content preferences [36]. Therefore, it is feasible
to customize instructional content for public health interventions
because of ICT-based solutions.
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Limitations
Our study has certain limitations. Providers may have left the
mobile screen open for a prolonged period without actually
engaging with the campaign. Hence, the engagement time
recorded on the platform might not reflect the actual time spent
by the provider. We partially addressed this issue by removing
outliers from our analyses.

Our study offers limited generalizability because of three
reasons. First, our clustering analysis and prediction models
excluded 69.75% (17,401/24,949) of providers, who had zero
engagement time with the campaign. We could not assess the
preferences of providers who did not engage with the campaign,
which may limit the generalizability of findings to providers
who did not engage with the content. A large proportion of
unresponsive providers may have also introduced a selection
bias. It is possible that providers who did not engage with the
campaign did not find ThinkTB relevant or did not engage with
the mobile platform at all. However, this did not affect our
insights into content preferences, as the heterogeneity in
engagement time of providers who had nonzero engagement
time allowed us to perform clustering.

Second, the fact that provider clusters in our study were based
on individual content preferences limits the generalizability of
our results. The content preferences are unique to a provider,
which limits the generalizability of our results to other contexts
such as another training subject with different content types
delivered via a technology platform that is not mobile phone
based. Nonetheless, the identification of unique preferences and
catering to those preferences is generalizable. On the basis of
our results, engaging with providers based on their individual
preferences instead of demographic variables could lead to
higher engagement with the intervention.

Third, the campaign focused on educating private providers in
India on TB diagnostic practices. Providers on the mobile
phone–based platform either may not be interested in this topic
or may not identify with the platform for this topic. Hence,

results from this study may not be generalizable to other clinical
contexts other than TB. However, the clinical context of TB in
itself is significant in scope. TB is the leading cause of death
from a single infectious agent, ranking above HIV/AIDS [37].
Eradication of TB therefore has been a global priority. The
World Health Organization (WHO) designed the End TB
Strategy in 2014 and subsequently, the United Nations General
Assembly included ending the TB epidemic as one of the
Sustainable Development Goals in 2015 [38]. Moreover,
India—the geographical focus of our study—contributes more
than a fourth of global TB incidence [37]. The private sector in
India is estimated to account for half of the patients with TB in
India [39] and is known to be suboptimal in their TB diagnostic
and treatment practices [40]. Private sector engagement models
in India are being scaled to multiple cities [41], but these
physical engagement models are resource intensive [42]. Our
campaign was one of the first ICT-based interventions that could
provide a more sustainable option of engaging with private
providers. Beyond India, too, engaging with private providers
is identified as a global priority. WHO asserted that engaging
with the private sector could account for 3.6 million missing
TB cases globally and proposed the adoption of the
Public-Private Mix model to improve TB detection and
treatment [43]. Therefore, our study has implications for
interventions aimed at engaging with private providers for TB
care across the globe.

Conclusions
Our study shows that providers participating in a mobile
phone–based digital campaign have inherent preferences for
the instructional content. It also shows that targeting providers
by catering to individual provider content preferences could
result in a higher provider engagement when compared with
targeting them based on demographic variables. A higher
provider engagement could maximize provider learning and
improve the effectiveness of public health interventions. ICT
allows us to cater to individual content preferences and could
be leveraged to design provider-centric health interventions.
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Abstract

Background: Exercise is predicted to have a positive effect among hepatocellular carcinoma (HCC) patients. However, these
patients are hesitant to start and build up an exercise program for one major reason: the vague fear of developing hepatic
decompensation, a potentially fatal condition that can lead to death. Integrating mobile health (mHealth) with individualized
exercise programs could be a possible option for promoting physical capacity among HCC patients.

Objective: The aim of this study was to evaluate the efficacy and safety of rehabilitation exercises, which have been individually
prescribed via an mHealth app, on physical fitness, body composition, biochemical profile, and quality of life among HCC
patients.

Methods: A total of 37 HCC patients were enrolled in a 12-week course with an mHealth app program targeted to HCC patients.
The wearable wristband device Neofit (Partron Co) was provided to participants, and recorded daily physical data, such as the
number of steps, calorie expenditure, exercise time, and heart rate. Each participant was given an individualized rehabilitation
exercise program that was prescribed and adjusted at the 6-week midintervention period based on the assessment results. At
baseline, 6-week, and 12-week sessions, participants’ physical fitness levels (ie, 6-minute walk test, grip strength test, and
30-second chair stand test) were measured. Physical activity levels, as measured by the International Physical Activity
Questionnaire-Short Form (IPAQ-SF); body composition (ie, body mass index, body fat percentage, and muscle mass); biochemical
profiles; and quality of life, as measured by the European Organization for Research and Treatment of Cancer Quality-of-Life
Questionnaire C30, were assessed at baseline and at the end point. At the 6-week midpoint, exercise intensity was individually
adjusted.

Results: Of the 37 patients, 31 (84%) completed the 12-week intervention. Grip strength improved significantly after 12 weeks
of the intervention. The 30-second chair stand test and the 6-minute walk test showed significant improvement from 0 to 6 weeks,
from 0 to 12 weeks, and from 6 to 12 weeks. Muscle mass and the IPAQ-SF score increased significantly after 12 weeks of the
intervention without biochemical deterioration.

Conclusions: Following 12 weeks of mHealth care, including an individually prescribed rehabilitation exercise program, we
saw significant improvements in physical fitness, body composition, and physical activity without any complication or biochemical
deterioration among compensated HCC patients who had completed therapy.
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Introduction

Physical activity has been proven to have a positive influence,
both biologically and functionally, in patients with cancer, such
as breast or prostate cancer [1-3]. Recent studies indicate that
even patients undergoing acute cancer treatments can benefit
from individualized exercise programs [4]. However, little is
known about the role of exercise on hepatocellular carcinoma
(HCC), which is the fifth- and seventh-most common cancer
worldwide in men and women, respectively [5].

Among the few studies regarding the effect of exercise in HCC,
one study reported that continuous regular exercise improved
physical ability without deteriorating liver function in HCC
patients with chronic liver disease (CLD) [6]. An experimental
study using a rat model found that regular physical activity
reduced the risk of the primary development of HCC [7].
Although the positive effect of exercise is quite predictable in
HCC patients, these patients are hesitant to start and build up
an exercise program for one major reason: the vague fear of
developing hepatic decompensation. Hepatic decompensation
is a potentially fatal condition that can be encountered by
patients with HCC, which includes hepatic encephalopathy,
esophageal varices, or ascites. Therefore, in order to safely boost
exercise capacity, a delicate supporting system is needed to
monitor physical activity and alert such vulnerable patients
before hepatic decompensation occurs.

Integrating mobile health (mHealth) with individualized exercise
programs could be a possible option for promoting physical
capacity of HCC patients. Following the explosive increase in
smartphone penetration globally, mHealth has been spotlighted
as a novel technology for promoting exercise programs, not
only among healthy populations but also among patients with
various diseases, such as diabetes, heart disease, and cancer
[8-10]. Several recent studies have reported the effectiveness
of mHealth in patients with solid cancers and survivors of breast
cancer and colorectal cancers [4,11]. mHealth promotes physical
activity among cancer patients by motivating them to exercise
and by providing real-time feedback [12,13]. Because mHealth
can provide large amounts of information and even lower the
barrier of communication with health care providers, it is an
ideal tool for helping HCC patients to exercise safely outside
the hospital.

In this study, we evaluated the efficacy and safety of exercises
that were individually prescribed to compensated HCC patients

after anticancer therapy. We analyzed changes in physical
fitness, body composition, biochemical profile, and quality of
life (QoL) after 12 weeks of an mHealth exercise intervention.

Methods

Participants
HCC patients who visited the outpatient cancer rehabilitation
clinic of a tertiary hospital from November 2017 to February
2018 were prospectively enrolled in this study. The inclusion
criteria were as follows: HCC patients aged 19-69 years, patients
at stage I or II of the modified Union for International Cancer
Control (mUICC) staging system, patients with a Child-Pugh
class A or B score, patients who could walk independently for
30 minutes, and patients who had a mobile phone. Exclusion
criteria were as follows: patients who required exercise
restrictions for severe cardiopulmonary or renal disease, patients
with musculoskeletal or neurological deficits, patients with
cognitive impairments that interfered with mobile phone
utilization, or patients who were unable to give written consent.

App Development
Based on our previous experience of, and knowledge about,
developing mHealth apps for specific cancer patients, we
recruited app engineers and five health care professionals from
a comprehensive cancer center [4]. Health care professionals
were recruited to help in the development of a comprehensive
mHealth care system tailored to HCC patients, in order to
provide health information, self-monitoring, and connections
with health care professionals. The app included the following
features: exercise management, nutritional information, health
information, my activity analysis, and in-app chat service (see
Figure 1).

The exercise management feature provided daily, personalized
aerobic and anaerobic exercises based on clinical evidence. The
health information content changed daily, including general
health information about HCC, medication, adverse effects of
anticancer therapy, and nutrition. Real-time communication
with a medical professional was available through the in-app
chat service. The wearable Internet of Things (IoT) device,
which connected with the mobile app, gathered real-time
physical data to monitor both physical activity and the health
of the participants. A clinical evidence-based care system with
the above functions was implemented through the mHealth app.
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Figure 1. App screenshots and configuration. Screenshots of the main page (far left) and exercise management page (middle right) are shown, along
with respective diagrams of explanations to the right of each screenshot.

Intervention

mHealth Care App
All participants received a 12-week course of an individually
prescribed exercise program through the mHealth app using
their own mobile phones and an interconnected wearable IoT
device worn on their wrists. The participants were told to
download the mobile app to their mobile phones. The mobile
app consisted of general medical information on HCC,
disease-specific exercise care, nutritional information, and a
real-time chat service that directly connected participants to the
study coordinator. The wearable IoT device—Neofit (Partron
Co)—which we provided to the participants, recorded daily
physical data, such as the number of steps, calorie expenditure,
exercise time, and heart rate. Each participant was given an
individualized rehabilitation exercise program that was
prescribed and adjusted at the 6-week midintervention period
based on the assessment results.

Individually Prescribed Rehabilitation Exercises
The patients were recommended to participate in individually
tailored regular rehabilitation exercises. Video clips were
provided by the app and were composed of warm-up, stretching,
aerobic, and muscle-strengthening exercises for the upper and
lower extremities. Participants were asked to watch the video
clips and perform the exercises daily. During the baseline
assessment, participants received instructions for standardized
warm-up and stretching exercises and individualized aerobic
and muscle-strengthening exercises. The aerobic and
muscle-strengthening exercise prescriptions were modified
based on each participant’s altered physical fitness levels
measured at the 6-week midpoint session (see Figure 2).

The intensity (ie, light walking, light running, mountain
climbing, and cycling) and target heart rate for the aerobic
exercise were set from the results of the 6-minute walk test
(6MWT). This result was compared with an individualized
reference value calculated using each participant’s age, height,
and weight [14]. If the 6MWT result was higher than the
individualized reference value, the recommended exercise
intensity and target heart rate were increased.

All the major muscle groups of the upper extremities, lower
extremities, and trunk were included in the muscle-strengthening
exercise program. Three steps of resistance exercises (ie,
maximum, moderate, and minimum resistance) were provided.
The results of the 30-second chair stand test and grip strength
test were compared with reference values based on the healthy,
normal, Korean population from the Korea Sports Promotion
Foundation. Appropriate intensity levels for the strengthening
exercises were determined according to those results.

After 6 weeks of participation, fitness levels (ie, 6MWT, grip
strength test, and 30-second chair stand test) were assessed in
all participants. According to the results of this midpoint
assessment, the intensity of the aerobic exercise and level of
strengthening exercises were adjusted. The target intensity and
target heart rate of the aerobic exercise were altered according
to the results of the 6MWT. We increased the recommended
exercise level if the participant’s 6MWT distance increased.
The level of the resistance exercises was altered according to
the results of the grip strength test and the 30-second chair stand
test. Participants’ conditions, as a result of their exercise
programs, were communicated through the app’s real-time chat
service. Participant compliance with the exercise program was
checked by calculating the total aerobic exercise time completed
and the number of resistance exercise video clips watched.
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Figure 2. Procedure for adjusting participants' individually prescribed rehabilitation exercise programs in the mHealth app. 6MWT: 6-minute walk
test.

Measures
At baseline and at the end point of the study, we collected
demographic characteristics and related medical data (ie, blood
tests and body composition analyses); in addition, participants
completed questionnaires for physical activity and QoL. The
outcome measures for physical fitness level were performed at
baseline, midintervention (ie, 6 weeks), and at the intervention
end point (ie, 12 weeks).

Blood tests, completed at baseline and at the study end point,
consisted of a complete blood count (ie, white blood cell count,
hemoglobin, and platelets), chemistry panel (ie, albumin,

cholesterol, total bilirubin, creatinine, and osteocalcin), liver
function tests (ie, aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, and gamma glutamyl
transferase), and a coagulation study (ie, prothrombin time
[international normalized ratio]).

Data for the body composition analyses were collected using a
bioelectric impedance device—Inbody 720 (Biospace). Muscle
mass and body fat percentages were obtained. Body mass index

(BMI) was calculated as body weight/height (kg/m2).

The International Physical Activity Questionnaire-Short Form
(IPAQ-SF) was used to measure participants’ physical activity
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[15]. This questionnaire contains nine questions about the
minutes per day or days per week spent doing activities of
vigorous and moderate intensity and about time spent walking
or sitting during the past 7 days. Using this questionnaire, we
calculated the total number of metabolic equivalents (METs)
per week. The calculated physical activity was classified into
three groups according to the IPAQ-SF scoring system: inactive,
minimally active, and highly active. The inactive group
consumed less than 600 METs of physical activity, the
minimally active group consumed more than 600 METs but
less than 3000 METs, and the highly active group consumed a
minimum of 3000 METs.

QoL related to general health was assessed by the European
Organization for Research and Treatment of Cancer
Quality-of-Life Questionnaire C30 (EORTC-QLQ-C30) [16].
This questionnaire contains 30 items regarding general health
status, five functional scales (ie, physical, role, cognitive,
emotional, and social functioning), three symptom scales (ie,
fatigue, pain, and nausea or vomiting), and six single-item scales
(ie, dyspnea, appetite loss, constipation, diarrhea, financial
difficulties, and insomnia). Each scale includes a different set
of items, which are calculated using specific coding procedures.
Higher scores for the general health status and the functional
scales imply positive results, whereas the symptom and the
single-item scales are interpreted inversely [17].

Physical fitness was measured with the grip strength test, the
30-second chair stand test, and the 6MWT. A hand-held
dynamometer—SH 5001 (Saehan Corp)—was used to assess
upper-extremity muscle strength. In an upright posture with
slightly abducted arm and slightly flexed elbow, the participants
were instructed to hold the dynamometer with the arm and wrist
both in a neutral position. After holding it for 3 seconds,
maximal power was measured. This grip strength test was
repeated three times and the average power was recorded [18].
Lower-limb strength was assessed by the 30-second chair stand
test, which counts the maximum number of times a participant
can stand up from a chair in 30 seconds. At the start, each
participant was seated straight up in a chair without leaning on
the backrest and with both arms folded across the chest. For 30
seconds, they repeated complete stand-up and sit-down motions
as quickly as possible, and the total number of complete standing
motions was counted [19]. To measure the level of
cardiopulmonary endurance, the 6MWT was conducted in a
15.2-meter hallway. The total distance walked at maximal speed
for 6 minutes was recorded. The physical fitness data were
compared with age-specific, normal, Korean fitness values from
the National Fitness 100 project from the Korean government
[20].

Statistical Analysis
SPSS Statistics for Windows, version 24.0 (IBM Corp), was
used for statistical analyses, and statistical significance was
established as P<.05. General and clinical subject characteristics
were analyzed using descriptive statistics. One-way,
repeated-measures analysis of variance (ANOVA) was used to
analyze changes in physical fitness over time. Because body
composition, physical activity levels, and biochemical profiles
were checked at baseline and after 12 weeks of the intervention,
the paired t test or the Wilcoxon signed-rank test was used to
determine the effects of the exercise intervention.

Ethics Approval and Consent to Participate
All decisions regarding this study were approved by the
Institutional Review Board of Samsung Medical Center after a
complete review of clinical trial protocols (approval number:
2017-06-050). All participants provided written informed
consent.

Results

Demographics and Clinical Characteristics
A total of 37 patients diagnosed with HCC were enrolled in this
study. Among the 37 patients, 31 of them—26 (84%) males and
5 (16%) females—completed the 12-week intervention using
the mHealth app program on a mobile phone with an
interconnected wearable device. The 6 patients (6/37, 16%) who
did not use the mHealth app and did not respond to our
communications regarding the 6-week midintervention
evaluation were removed from the study. The demographic and
clinical characteristics of the study participants are presented
in Table 1. Their mean age was 56.7 years (SD 7.7) and 84%
(26/31) of them were male. Participants’ mean BMI was 25.39

kg/m2 (SD 3.00) and mean muscle mass was 28.98 kg (SD 5.20).
Participants’ initial mean body fat percentage was 26.29% (SD
8.01), which is in the upper-normal range (normal range:
18.0%-28.0%). As for underlying CLD, 24 out of 31 (77%)
patients had liver cirrhosis and 7 (23%) had chronic hepatitis.
In total, 74% (23/31) of our patients had been diagnosed with
HCC for more than 1 year, and 4 patients out of 31 (13%) were
long-term patients of more than 5 years. In total, 19% (6/31) of
patients had previously experienced hepatic decompensation,
mainly variceal hemorrhage. The most common therapeutic
method was surgery (17/31, 55%), followed by combination
treatments (11/31, 35%) and locoregional therapies (ie,
radiofrequency ablation or transarterial chemoembolization)
(3/31, 10%).
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Table 1. Demographic and clinical characteristics of participants, (N=31).

ValueCharacteristic

56.7 (7.7)Age (years), mean (SD)

Gender, n (%)

26 (84)Male

5 (16)Female

166.9 (8.2)Height (cm), mean (SD)

71.0 (11.3)Weight (kg), mean (SD)

25.39 (3.00)Body mass index (kg/m2), mean (SD)

26.29 (8.01)Body fat (%), mean (SD)

28.98 (5.20)Muscle mass (kg), mean (SD)

Underlying chronic liver disease, n (%)

24 (77)Liver cirrhosis

5 (16)Chronic viral hepatitis

1 (3)Nonalcoholic fatty liver disease

1 (3)Alcoholic liver disease

Diagnosis date, n (%)

5 (16)0-6 months ago

3 (10)6 months-1 year ago

11 (35)1-3 years ago

8 (26)3-5 years ago

4 (13)More than 5 years ago

Comorbidity, n (%)

7 (23)Diabetes mellitus

10 (32)Hypertension

1 (3)Dyslipidemia

1 (3)Cardiopulmonary disease

Previous experience of hepatic decompensation, n (%)

25 (81)None

6 (19)More than once

Treatment, n (%)

3 (10)Locoregional therapies (ie, transarterial chemoembolization or radiofrequency ablation)

17 (55)Surgery

11 (35)Combination treatment

Physical Fitness Measures and Compliance Rate
Table 2 and Figure 3 present the serial changes in the objective
physical fitness measures at baseline and after using the mHealth
app with individually prescribed rehabilitation exercises for 6
and 12 weeks. From baseline to final measurement, grip strength
was graded as poor according to the Korean national fitness
normal value for 55-59-year-old males. However, compared
with baseline, grip strength did improve significantly after 12
weeks of the intervention (P=.02). The 30-second chair stand

test also showed significant improvement after 6 and 12 weeks,
compared with baseline (P<.001 and P<.001, respectively), and
from 6 to 12 weeks (P<.001). Likewise, the 6MWT showed
significant improvement after 6 and 12 weeks, compared with
baseline (P<.001 and P<.001, respectively), and from 6 to 12
weeks (P=.01).

For aerobic exercise, the stiffest decline in compliance took
place at 6-7 weeks, whereas for the strengthening exercises, the
most rapid decline was at 4-5 weeks (δ=9.68% and δ=11.29%,
respectively).
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Table 2. Changes in physical fitness measures.

Baseline vs
12 weeks, P
value

6 weeks vs
12 weeks, P
value

Baseline vs
6 weeks, P
value

12 weeks, mean
(SD)

6 weeks, mean
(SD)

Baseline, mean
(SD)

Measure

.02.31.6941.10 (10.52)39.98 (9.69)39.35 (9.98)Grip strength (kg)

<.001<.001<.00123.26 (3.79)20.55 (3.03)18.10 (3.29)30-second chair stand test (seconds)

<.001.01<.001604.07 (51.59)591.19 (49.61)572.90 (49.15)6-minute walk test (meters)

Figure 3. Changes in physical fitness measures. BL: baseline; wks: weeks.

Body Composition and Self-Reported Physical Activity
As shown in Table 3 and Figure 4, muscle mass increased
significantly after 12 weeks of prescribed exercise (P=.03). The
change in BMI was insignificant, and body fat percentage
declined but without statistical significance (P=.08 and P=.51,
respectively). At baseline, the mean, weekly, physical activity

score reported on the IPAQ-SF was 2031.95 (SD 2236.60),
placing participants in the minimally active group. After
completing 12 weeks of the exercise intervention, the mean
IPAQ-SF score increased to 3479.71 (SD 2640.08), which places
participants in the highly active group. The increase in the
IPAQ-SF score was significant after 12 weeks of the intervention
(P=.01) (see Table 3 and Figure 4).

Table 3. Changes in body composition and self-reported physical activity.

P value12 weeks, mean (SD)Baseline, mean (SD)Measure

.0825.57 (3.08)25.39 (3.00)Body mass index (kg/m2)

.5126.07 (7.86)26.29 (8.01)Body fat (%)

.0329.34 (5.31)28.98 (5.15)Muscle mass (kg)

.013479.71 (2640.08)2031.95 (2236.60)IPAQ-SFa (METsb)

aIPAQ-SF: International Physical Activity Questionnaire-Short Form.
bMETs: metabolic equivalents.

Figure 4. Changes in body composition and self-reported physical activity. BL: baseline; BMI: body mass index; IPAQ-SF: International Physical
Activity Questionnaire-Short Form; METs: metabolic equivalents.
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Biochemical Profile and Complications
Serum levels of aspartate aminotransferase, alanine
aminotransferase, alkaline phosphatase, and gamma glutamyl
transferase, which indicate liver function, showed no significant
change after 12 weeks of exercise. Insignificant results were
seen in albumin and creatinine, which are synthesized in liver
cells, and in total bilirubin and prothrombin time (ie,
international normalized ratio). No significant difference was
observed in osteocalcin, which is inversely related to
nonalcoholic fatty liver disease (NAFLD); cholesterol, which
increases in NAFLD; or complete blood count. During 12 weeks
of exercise, no complications were reported through the in-app
chat service, including hepatic decompensation in the form of

variceal hemorrhage, ascites, jaundice, or hepatic
encephalopathy.

Quality of Life
Table 4 presents the changes in QoL after 12 weeks of
monitored, individualized exercise via our mHealth app. Based
on the EORTC-QLQ-C30, the most common symptom was
fatigue, followed by dyspnea and insomnia. After 12 weeks of
individually prescribed exercise through the mHealth app, all
symptoms improved insignificantly, except pain, which
decreased significantly (P=.04). Global health status and all
functional scales trended toward improvement after 12 weeks
of the intervention, though without statistical significance.

Table 4. Changes in quality of life.

P valueScore at 12 weeks, mean (SD)Score at baseline, mean (SD)EORTC-QLQ-C30a item

.4374.44 (17.63)72.50 (17.52)Global health status and quality of lifeb

Functional scale b

.4387.55 (11.30)85.77 (10.31)Physical functioning

.3889.44 (16.65)87.22 (13.62)Role functioning

.2887.50 (12.90)84.16 (18.48)Emotional functioning

.0686.11 (11.64)80.55 (13.19)Cognitive functioning

.0893.33 (12.06)85.55 (24.65)Social functioning

Symptom scale or single itemc

.4823.33 (15.25)25.18 (12.69)Fatigue

.662.17 (6.31)2.22 (5.76)Nausea and vomiting

.046.11 (11.14)10.55 (14.17)Pain

.3517.77 (24.34)22.22 (26.74)Dyspnea

.8014.44 (20.86)15.55 (22.71)Insomnia

.715.55 (12.63)6.66 (16.14)Appetite loss

.8011.11 (15.98)12.00 (17.83)Constipation

.7111.11 (15.98)12.00 (17.83)Diarrhea

.207.77 (16.80)13.33 (25.67)Financial difficulties

aEORTC-QLQ-C30: European Organization for Research and Treatment of Cancer Quality-of-Life Questionnaire C30.
bHigher scores imply positive results.
cLower scores imply positive results.

Discussion

Principal Findings
In this study, we found that it was safe and effective for
compensated HCC patients who have completed anticancer
therapy to undergo 12 weeks of individually prescribed
rehabilitation exercises using our mHealth app and
interconnected IoT wearable device. Our surveillance system,
composed of the wearable IoT device and real-time
communication chat service with health care professionals,
found no complications or biochemical deterioration during the
12 weeks of the intervention. Compared to baseline, statistically
significant improvements were found in the physical fitness
measures (ie, grip strength, 30-second chair stand test, and

6MWT), body composition (ie, muscle mass), self-reported
amount of physical activity (ie, IPAQ-SF), and pain. All
symptoms trended toward improvement in the QoL scales (ie,
EORTC-QLQ C30) after 12 weeks of the intervention.
Compliance with the aerobic and strengthening exercises
decreased slightly but was maintained overall throughout the
intervention period. To the best of our knowledge, this was the
first study to use an mHealth app and interconnected IoT device
for individually prescribed rehabilitation exercises in
compensated HCC patients after anticancer treatment.

Growing interest had led to many studies investigating the
association of cancer and exercise. Increased risks for several
solid cancers, including breast, endometrial, prostate, and
colorectal, were inversely associated with physical activity [21].
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Recent studies indicate that even after diagnosis with those solid
cancers, regular exercise resulted in more survival years and a
lower tumor recurrence rate [22-24]. The biochemical
mechanisms of such findings are still being discovered, but
exercise-dependent regulation of the tumor microenvironment
is currently held to be the primary mechanism. In experimental
models, chronic exposure to exercise stimulated interorgan
signaling through the complex control of hormones, cytokines,
and growth factors. Consequently, reprogramming of the
systemic milieu was stimulated, resulting in regulation of the
tumor microenvironment through angiogenesis, immune
regulation, and metabolism [25].

The potential benefit of exercise on liver disease was first
studied in NAFLD, of which the key pathophysiological
mechanism is insulin resistance [26]. In terms of HCC, a
Taiwanese cohort study [27], which was later confirmed by the
National Institutes of Health [28], found that a degree of physical
activity correlated with a decline in HCC risk. The antitumoral
effect of exercise on HCC is mainly associated with decreases
in body weight, insulin resistance, and chronic inflammation
[29]. In a previous experimental study with a rodent model of
nonalcoholic steatohepatitis, regular exercise inhibited HCC
development by stimulating adenosine monophosphate-activated
protein kinase and inhibiting mammalian target of rapamycin
complex 1 [7].

However, only a few studies have considered the potential
therapeutic effects of exercise after the development of HCC.
One Japanese study had HCC patients work out at their
anaerobic thresholds from 1 month preoperation until 6 months
postoperation. The exercise group showed decreased whole-body
mass, fat mass, and fasting serum insulin; they even showed
improvement in the anaerobic threshold, peak oxygen
consumption, and insulin resistance [30]. Contrary to our
intervention period of 12 weeks, the Japanese study’s program
began before hepatectomy and lasted for 6 months postoperation.
Also, that study’s exercise intervention was targeted to the
anaerobic threshold and consisted only of stretching and
walking, whereas our study’s exercise protocol combined
stretching, aerobic, and muscle-strengthening exercises. Both
studies adjusted the exercise program during the intervention.
Most importantly, compared to the Japanese patients who visited
the study center three times a week for 60-minute exercise
sessions with an exercise trainer, our participants exercised
freely outside the hospital via the mHealth program. In our
study, exercise compliance and safety were monitored via the
mHealth devices.

Another study reported that a median of 13 days of in-hospital
exercise among HCC patients with underlying CLD did not
worsen the Child-Pugh class, maintained the 6MWT distance,
and significantly improved heart rate variability [6]. Compared
to the thorough exercise program for upper and lower extremities
in our study protocol, the exercise program of that previous
study contained stretching, strengthening, and balance training
for only the lower extremities. Unlike our study, the exercises
in the previous study were not tailored according to individual
fitness levels nor adjusted during the intervention period. Also,
those exercises were initiated 1 day after anticancer treatment
for HCC. Though the previous study evaluated 6MWT and

biochemical profiles by blood sampling, the relatively short
exercise period (ie, median 7.5 days) of that in-hospital study
was not long enough to show physiological or biological
changes.

Contrary to malignancies that occur without any underlying
condition, HCC commonly arises in cirrhotic liver or viral
hepatitis. Most HCC patients suffer from CLD for several years
before developing HCC, so their QoL is low and worsens after
cancer treatment. One global survey study found that among
HCC patients, 81% receiving sorafenib (ie, tyrosine kinase
inhibitor), 45% receiving selective internal radiation therapy,
and 32% receiving transarterial chemoembolization reported
impaired QoL [31]. Our unpublished previous survey study also
found that CLD patients, including those with HCC, reported
a low level of health-related QoL and physical activity, being
minimally active. Boosting the low physical fitness levels of
chronically ill HCC patients is a complex process, involving
both motivating and safely leading these patients to exercise
properly.

As the chronicity of the underlying CLD in HCC patients
deteriorates their general physical activity levels, we used an
mHealth app via a mobile phone and interconnected wearable
IoT device. This system allowed close monitoring of patients’
vital signs and exercise compliance, which allowed all
participants to complete the 12-week exercise program without
any complications or biochemical deterioration. Despite
increasing interest and studies on mHealth for cancer patients,
studies involving the use of IoT devices among cancer patients
are scarce. A few studies using wearable IoT devices and
mHealth apps were conducted to promote physical activity in
breast cancer survivors and childhood cancer survivors [32-34].
Only two studies used an IoT device among cancer patients
under treatment: one is our previous study involving colorectal
cancer patients receiving chemotherapy, and the other study
estimated the symptom severity of chemotherapy with a
wearable IoT device in gastrointestinal cancer patients [4,35].
We are the first to apply mHealth with an IoT device to HCC
patients. According to the satisfaction survey after 12 weeks of
our mHealth program for HCC patients, 84% of participants
reported medium-to-high satisfaction with the mHealth program.
A total of 87% of participants wanted to continue to use the
program after the study ended.

This study has several limitations. First, the study population
was small and the intervention period was short. In most of the
previously conducted feasibility or pilot studies regarding new
protocols of exercise interventions among a cancer population,
10-30 patients were enrolled [36-39]. Since this was the first
study to apply an IoT-based individualized exercise program
among compensated HCC patients who had completed therapy,
we considered that the final participant number of 31 was
sufficient. The intervention period was selected based on
previous interventional studies using mobile apps among cancer
patients. Most studies were conducted for 12 weeks or 3 months
[11,18,40]. Further studies with large sample sizes and
longitudinal intervention periods will support the results of this
study. Second, the completion rate of this study was low. The
completion rate in exercise intervention studies of cancer
populations differs based on the traits of the population, such
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as dominant gender, mean age, severity of cancer, general
condition, needs of exercise, and type of ongoing anticancer
therapy. For example, one study that compared the physical
fitness effect of mHealth and conventional exercise using a
brochure among breast cancer patients—all female patients,
mean age 50.3 years, and 12-week follow-up—showed a 95.2%
completion rate [18]. In contrast, 73.9% of participants
diagnosed with prostate cancer—all male patients, mean age
68.4 years, and 12-week follow-up—completed the 12-week
course of a home-based exergaming intervention [41]. The
completion rate of 84% (31/37) in this study—84% male
patients, mean age 56.7 years, and 12-week follow-up—is not
lower than that of the previous prostate cancer exercise
intervention. Also, without a previous study of a 12-week
exercise intervention among HCC patients, it is difficult to
confirm that the completion rate of our study is low. Third, we
used no control group in this study. Inclusion of a sex- and
age-matched control group could have strengthened our results.
However, as this was the first study to apply an mHealth-based
exercise program to HCC patients, comparing the outcome
measures of the initial, 6-week, and 12-week visits of the
mHealth exercise group without a control group yielded

significant results. Finally, because this study was conducted
among compensated HCC patients after cancer therapy, it would
be inappropriate to generalize these results. Further studies with
a larger sample size and a randomized controlled study involving
HCC patients with diverse medical statuses are needed.

Conclusions
In this study, compensated HCC patients after therapy underwent
12 weeks of comprehensive cancer care through an mHealth
app. The app provided general medical information on HCC,
nutritional information, real-time communication with a health
care provider, and an individually prescribed rehabilitation
exercise program. The exercise program was monitored through
an IoT device. The intervention significantly improved physical
fitness, body composition, and self-reported physical activity
without any complications or biochemical deterioration. We
found it safe and effective for compensated HCC patients after
cancer treatment to exercise using the mobile app and
interconnected IoT wearable device. This advanced technology
allows effective and practical, patient-centered, supervised home
exercise therapy to be an alternative to conventional, unfeasible,
hospital-oriented exercise programs.
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Abstract

Background: In recent years, the considerable increase in the number of mobile health (mHealth) apps has made health care
more accessible and affordable for all. However, the exponential growth in mHealth solutions has occurred with almost no control
or regulation of any kind. Despite some recent initiatives, there is still no specific regulation procedure, accreditation system, or
standards to help the development of the apps, mitigate risks, or guarantee quality.

Objective: The main aim of this study was to propose a set of criteria for mHealth-related apps on the basis of what is available
from published studies, guidelines, and standards in the various areas that are related to health app development.

Methods: We used three sources of information to identify the most important criteria. First, we conducted a systematic review
of all the studies published on pain-related apps. Second, we searched for health app recommendations on the websites of
professional organizations. Third, we looked for standards governing the development of software for medical devices on the
specialized websites of regulatory organizations. Then, we grouped and subsumed the criteria we had identified on the basis of
their shared characteristics. Finally, the comprehensibility and perceived importance of the resulting criteria were evaluated for
face validity with a group of 18 stakeholders.

Results: We identified a total of 503 criteria from all sources, which, after close analysis, were grouped into eight different
categories, including 36 important criteria for health apps. The resulting categories were usability, privacy, security, appropriateness
and suitability, transparency and content, safety, technical support and updates, and technology. The results of the preliminary
analysis showed that the criteria were mostly understood by the group of stakeholders. In addition, they perceived all of them as
important.

Conclusions: This set of criteria can help health care providers, developers, patients, and other stakeholders to guide the
development of mHealth-related apps and, potentially, to measure the quality of an mHealth app.

(JMIR Mhealth Uhealth 2020;8(3):e13057)   doi:10.2196/13057

KEYWORDS

mHealth; mobile apps; review; medical device; standards

Introduction

Background
Public health care systems worldwide are facing major
challenges (eg, a shortage of resources and a steady increase in
demand), which can make them increasingly unsustainable [1].
It is in this environment that what is known as mobile health

(mHealth) is proving to be of key importance [2-4]. In the last
few years, mHealth has undergone considerable development
because of its potential to make health care more accessible and
affordable for all [2,5-7].

However, mHealth solutions have grown exponentially with
almost no control or regulation of any kind. In fact, very few
of the health apps available have undergone a thorough
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validation process, and this causes a lack of confidence among
health professionals [8,9]. For example, a recent review of the
mobile apps available for chronic pain—which is one of the
most prevalent health problems, with an enormous economic
cost to individuals, families, and society [10]—highlighted that
of the 283 apps available at the time, just a handful had
undergone usability and validity tests [7]. This situation has
been identified as preventing the field from improving and
advancing [9].

In this so-called strategic field, progress depends not only on
what each research group is doing but also on developing
general standards and improving certification procedures
[11,12]. There are some local and international initiatives to
help in this process. For example, Catalonia approved a strategic
action plan to support the development of mHealth (ie, The
Mobility Master Plan: mHealth solutions [13]), which includes
AppSalut [14], an accreditation system and guide [15] created
to certify the quality of health– and social-related apps. At the
international level, the European Commission published a Green
Paper on mHealth [16] and launched a public consultation to
identify potential barriers to and problems in the development
of mHealth. Despite these initiatives, there is still no specific
regulation procedure, accreditation system, or standards to help
the development of apps, mitigate risks, and guarantee quality.

Therefore, the certification process is weighed down by the lack
of clear standards to guide users through the different stages of
the process. This is a problem not only for the safety of end
users (ie, patients and health care professionals) but also for
professional developers. Clearly, having a set of common criteria
would be instrumental in helping the field to make progress in
a consensual way and overcome potential risks for all
stakeholders. There has been one recent attempt to develop a
rating scale for mobile apps that could be used to help overcome
this problem. Stoyanov et al [17] developed a scale (Mobile
App Rating Scale [MARS]) to classify and rate the quality of
mHealth apps. This scale was on the basis of a review of the
papers published between 2000 and 2013, which contained
explicit app-related quality rating criteria. However, this scale
was created from a very narrow perspective for assessing already
developed apps. That is to say, although the authors used
information from studies on existing mobile apps, they failed
to include information from other relevant sources that had been
used, which would have increased the reliability and validity
of their work (eg, standards governing the development of
software for health or medical devices). Therefore, this scale
does not seem to be suited for use by all stakeholders. Some
more recent attempts to provide alternatives to assess mHealth
apps also share some of these weaknesses (eg, developed for
one specific group of stakeholders and using one specific source
of information) [18,19].

Objectives
The general aim of this study, then, is to go beyond what is
already available and provide a standard for mHealth-related
apps by studying the published studies, guidelines, and standards
available in the field of health app development. In particular,
we want to identify a set of criteria that are used, and which of
these are strategic, so that they can be recommended and

integrated into a general standard (ie, a guide) that can help the
field move forward on solid grounds.

Methods

Procedure
We used three strategies to identify criteria. First, we conducted
a systematic review of all the studies published on pain-related
apps. Second, we searched the websites of professional
organizations. Finally, we analyzed the standards governing the
development of software for medical devices. Although these
regulations are not specific for health apps, they can provide
information of interest and complement the information
collected.

Information From the Systematic Review
For the systematic review, to address an otherwise
unmanageable amount of information, we limited our search to
mobile apps related to pain, one of the most prevalent health
problems causing millions of visits to health care professionals.
In so doing, we followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analysis guidelines [20] and
searched the following databases: Web of Science, Scopus,
PubMed, and ScienceDirect. We used the search terms (pain
OR *ache) AND (smartphone* OR mobile) AND (app OR
apps), and also hand searched the reference lists from relevant
articles. Only peer-reviewed articles published in English or
Spanish between 2008 (the release date of the first apps stores
[21]) and December 2017 were included.

Information on Websites From Professional
Organizations
The second strategy consisted of searching websites from
professional organizations that had guidelines and
recommendations for health apps. We decided to focus our
search on those regions where the mHealth market is most
significant and, therefore, where these regulations are most
likely to be found. According to a forecast of revenues of the
world mHealth market [22], in 2017, the main mHealth markets
by regions were Europe, North America, and Asia–Pacific,
representing 30%, 28%, and 30% of the world market,
respectively. In addition, the 15 most attractive countries for
digital health solutions in 2017 were located in the regions
mentioned above [23]. Therefore, we limited our search to those
three areas. Again, and to make the search feasible, we limited
our analysis to those countries that are the main markets in each
region. In Europe, we included the United Kingdom and Spain
as they had the same importance in terms of mHealth markets;
in North America, the United States; and in Asia–Pacific,
Australia.

Information From Standards Governing the
Development of Software for Medical Devices
Finally, in our search for information, we also searched for
standards governing the development of software for medical
devices on the specialized websites of regulatory organizations.
To conduct this search, we also focused on the regions and
countries where the mHealth market has been shown to be most
significant, as described above. In this analysis, we focused the
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search on those standards with criteria related to health apps,
added to our list only those criteria that are specific to health
apps, and left all others out of our scrutiny (eg, protection against
radiation and chemical properties).

Development of a Common Set of Criteria and
Categories
We first compiled a list of the criteria identified in (1) published
studies, (2) guidelines, and (3) standards governing the
development of software for medical devices. Next, we grouped
the criteria in categories on the basis of their shared
characteristics. That is, each criterion was closely analyzed to
identify what its general purpose was (eg, the criterion the
functionality is adapted to the purpose of the app was considered
related to usability, and this opened a group or category that
was labeled usability). All criteria underwent the same scrutiny.
In the case that no category existed, a new one was created and
labeled. If the category already existed, then the criterion was
subsumed under that existing category. As a result of this
analysis, we obtained a list of unique criteria classified into
categories according to their similarity.

Preliminary Analysis of the Set of Criteria
The resulting set of criteria underwent a preliminary analysis
of their face validity by asking stakeholders to report on the
comprehensibility and perceived importance of all the criteria.
Specifically, in this analysis, we requested the collaboration of
a group of individuals from different groups of stakeholders (ie,

final users, potential patients, health care professionals, and
developers or engineers). Final users or potential patients and
health care professionals were approached by the authors while
at the university hospital (while they were visiting for a health
checkup and while at work, respectively). Engineers were
professors or technicians working at the university. Before the
participation of stakeholders, we first requested and obtained
permission from the Ethics Committee of the School of
Education Sciences and Psychology for the study procedures.
Participants had to sign a consent form. All were asked to
respond to two questions in relation to each criterion: (1) “Do
you understand the criterion?” and (2) “How important is this
criterion for a health-related mobile application?” The first one
was responded with yes, no, or partially to the question, whereas
the second one was to be responded by providing a number that
best represented the importance of the criterion, between 0 (not
important at all) to 10 (utmost important).

Results

Information From the Systematic Review
Our review of the scientific databases identified 283
nonduplicated papers. Of these, only 43 were of interest for our
purposes. Studies that were not related to pain or that did not
describe health-related apps were deemed irrelevant, and not
included in the analysis (see Figure 1). In this search, 168 criteria
were identified (the full list is provided in Multimedia Appendix
1).

Figure 1. Flowchart of systematic review selection process.
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Information From Websites of Professional
Organizations
Following the planned strategy, we found just 4 organizations
that had developed guidelines and recommendations for
health-related apps. Of these, 3 were of national
coverage—Andalusian Agency for Healthcare Quality (Spain),
TIC Salut Social Foundation (Spain), and National Health
Service (United Kingdom)—and 1 of supranational or
international coverage, the European Commission (European
Union [EU]). No similar information was found in the other
searched regions. From each of the guidelines, we collected
only the criteria that were specifically related to mobile phone
apps and discarded the criteria related to other technologies (eg,
wearables and websites): Andalusian Agency for Healthcare
Quality, 31 criteria; European Commission, 58 criteria; National
Health Service, 78 criteria; and TIC Salut Social Foundation,
115 criteria (see Multimedia Appendix 1).

Information From Standards Governing the
Development of Software For Medical Devices
As planned, in our search of the main mHealth markets, we also
looked at the specialized websites of regulatory organizations
and searched through standards in the regulations of medical
devices. In so doing, we found just two standards that were of
interest: (1) Mobile Medical Applications: Guidance for Food
and Drug (the United States) and (2) Regulation of medical
software andmobile medical “apps” (Australia). In this analysis,
we added to our list only those criteria that were specific to
health apps and left all others out of our scrutiny (eg, protection
against radiation and chemical properties). We identified 42
and 11 criteria, respectively (see Multimedia Appendix 1).

Development of a Common Set of Criteria and
Categories
Then, the set of criteria were grouped in categories according
to their similarity. That is to say, the criteria of the same class
were grouped and subsumed together (see Table 1), resulting
in eight categories. The categories were the following: usability
(this includes criteria that are related to user experience), which
contained eight criteria; privacy (ie, criteria related to data

protection, compliance with the law, and treatment of users’
data), which contained six criteria; security (ie, criteria related
to cybersecurity, encryption mechanisms for the storage and
transmission of data, and measures against vulnerabilities),
which contained four criteria; appropriateness and suitability
(ie, criteria related to the adaptation of the app for the benefit
of the targeted user), which contained three criteria;
transparency and content (ie, criteria related to the sharing of
information in relation to the development of the app), which
contained five criteria; safety (ie, criteria related to the
identification and prevention of harm to end users), which
contained two criteria; technical support and updates (ie, criteria
related to helping the user to solve problems in using the app),
which contained four criteria; and technology (ie, criteria related
to the proper functioning of the app), which contained four
criteria (see Table 1).

Preliminary Analysis of the Set of Criteria
A total of 18 individuals participated: 7 final users or potential
patients, 6 health care professionals, and 5 developers, all of
whom were approached and consented. Participants’age ranged
from 18 to 53 years, with an equal distribution of females and
males in the sample. At the time of participation, all were
attending school or working. They all had experience with
mobile phones and in using mobile apps.

The results of this analysis are summarized in Table 1, which
includes information about the percentage of participants within
each group that understood the criteria, and the mean of the
perceived importance of each one.

The criteria were understood by most of the participants in the
three groups. However, at least one participant in one or more
groups reported being unsure about the exact meaning. All the
issues were related to the use of technical vocabulary or lack
of some very specific (technical) knowledge; nevertheless, with
additional explanation, the issues were solved. In addition, all
criteria were perceived as important; 7 (on a 0-10 numerical
rating scale) was the lowest rating received by any criterion,
and most ratings were between 8 and 10 (Table 1 summarizes
the information).
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Table 1. Comprehensibility and perceived importance of the criterion by stakeholders.

Perceived importance (0-10)Comprehension, n (%)Category and criterion

EngineersCliniciansPatientsEngineers
(N=5)

Clinicians
(N=6)

Patients
(N=7)

Usability

9.48.68.95 (100)5 (83)7 (100)The app has been tested by potential users before being made available
to the public.

78.5105 (100)6 (100)6 (86)It has instructions or some kind of assistance for use.

99.39.65 (100)6 (100)7 (100)It is easy to use (ie, navigation is intuitive).

7.977.54 (80)5.5 (92)7 (100)It follows the recommendations, patterns, and directives in the official
manuals of the different operating systems (Android, iOS, or others).

8.88.395 (100)6 (100)7 (100)The interface design follows the same pattern. That is, all graphic el-
ements (typographies, icons, and buttons) have a consistent appear-
ance. The function of each element (navigation menu, lists, and photo
gallery) is clearly identified.

8.88.59.65 (100)5.5 (92)7 (100)The functionality is adapted to the purpose of the app.

8.48.68.35 (100)5.5 (92)7 (100)The information of the app must be able to be accessed in the shortest
possible time. All users must be able to access all resources regardless
of their capabilities.

7.27.48.35 (100)5.5 (92)7 (100)The app can be consulted in more than one language. All languages
adapt appropriately to the content interface.

Privacy

98.59.55 (100)6 (100)7 (100)The app gives information about the terms and conditions of purchases
in the app and personal data recorded.

9.48.89.65 (100)5.5 (92)7 (100)It gives information about the kind of user data to be collected and
the reason (the app must only ask for user data that is essential for
the app to operate). It gives information about access policies and
data treatment and ensures the right of access to recorded information.
It describes the maintenance policy and the data erasure procedure.
It gives information about possible commercial agreements with third
parties.

99.29.95 (100)6 (100)7 (100)It guarantees the privacy of the information recorded. It requires users
to give their express consent. It warns of the risks of using the app.

9.48.39.35 (100)6 (100)7 (100)It tells users when it accesses other resources of the device, such as
their accounts or their social network profile.

8.29.78.75 (100)5.5 (92)7 (100)It takes measures to protect minors in accordance with the current
legislation.

9.49.29.65 (100)6 (100)7 (100)Confidential user data are protected and anonymized, and there is a
privacy mechanism so that users can control their data.

Security

8.68.39.95 (100)6 (100)7 (100)The app has encryption mechanisms for storing, collecting, and ex-
changing information. It has password management mechanisms.

8.48.29.55 (100)6 (100)7 (100)The cloud services used have the relevant security measures. It states
the terms and conditions of cloud services.

9.67.59.65 (100)6 (100)7 (100)The authorization and authentication mechanisms protect the users’
credentials and gives access to their data. It limits access to data that
is only necessary for the user.

8.48.39.35 (100)5.5 (92)7 (100)It detects and identifies cybersecurity vulnerabilities, possible threats,
and the risk of being exploited. It applies the appropriate security
measures to cybersecurity vulnerabilities in the face of possible threats.

Appropriateness and suitability

8.47.78.25 (100)6 (100)7 (100)The end users for whom the app is designed are explicitly indicated
or actually intuitable (the name identifies the app) to the audience to
whom it is set out.
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Perceived importance (0-10)Comprehension, n (%)Category and criterion

EngineersCliniciansPatientsEngineers
(N=5)

Clinicians
(N=6)

Patients
(N=7)

7.5795 (100)6 (100)7 (100)The benefits and advantages of using the app are explained.

99.785 (100)5.5 (92)6.5 (93)The app has been validated or created by experts (eg, a group of spe-
cialized professionals, a health organization, or a scientific society).

Transparency and content

8.48.585 (100)6 (100)7 (100)The app identifies the authors of the content and their professional
qualifications.

8.48.27.25 (100)6 (100)7 (100)It gives transparent information about the owners’ identity and loca-
tion.

777.55 (100)6 (100)7 (100)It gives information about its sources of funding, promotion and
sponsorship, and possible conflicts of interests. Any third parties or
organizations who have contributed to the app development are
clearly identified.

99.3105 (100)6 (100)7 (100)It uses scientific evidence to guarantee the quality of the content. It
is based on ethical principles and values.

878.25 (100)6 (100)7 (100)The sources of the information are indicated. Concise information is
given about the procedure used to select the content.

Safety

8.68.99.55 (100)6 (100)7 (100)The possible risks to users are identified. Users are warned that the
app does not intend to replace the services provided by a professional.

8.68.58.55 (100)6 (100)7 (100)Potential risks for users caused by bad usage or possible adverse ef-
fects are explained.

Technical support and updates

77.28.55 (100)6 (100)7 (100)It gives a warning if updates modify or affect how the app functions.
It gives a warning if updates can influence insensitive data.

78.28.24.5 (90)5.5 (92)7 (100)Frequent security updates are guaranteed. Every time an update of a
third-party component is published, the change is inspected, and the
risk evaluated.

777.74.5 (90)6 (100)7 (100)The frequency with which the content of the app is revised or updated
is shown.

8.499.25 (100)6 (100)7 (100)Users have support mechanisms (email, phone, and contact form) for
solving doubts, problems, or issues related to the health content, and
technical support.

Technology

98.59.55 (100)6 (100)7 (100)It works correctly. It does not fail during use (eg, blocks). Functions
are correctly retrieved after context changes (eg, switch to another
app and return), external interruptions (eg, incoming calls or mes-
sages), and switching off the terminal.

8.27.88.95 (100)6 (100)7 (100)It does not waste resources excessively: battery, central processing
unit, memory, data, or network.

77.27.95 (100)5.5 (92)7 (100)It can work in flight mode and deal with network delays and any loss
of connection.

7784.5 (90)5.5 (92)6.5 (93)It supports multiple versions of data structures or formats (eg, to
support different operating systems).

 

Discussion

Principal Findings
To the best of our knowledge, this study is the first one to
provide a guide to help with the design, development, and
analysis of mHealth-related apps, in the form of a list of criteria
and categories. This guide is based on an in-depth analysis of

criteria that have been described in published studies on
pain-related mHealth apps, guidelines, and best practices, as
designated on the websites of professional and regulatory
organizations from the most significant regions and countries
of the world mHealth market.

In this study, we identified 36 criteria that are important to the
design, development, and analysis of mHealth-related apps,
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which were grouped and subsumed into eight categories
according to their similarity: (1) usability (ie, the app must be
adapted to the targeted population), (2) privacy (ie, compliance
with the law and treatment of users’ data), (3) security (ie, data
protection, authorization mechanisms, and detection of
vulnerability), (4) appropriateness and suitability (ie, the
benefits and advantages for the end users are explained), (5)
transparency and content (ie, scientific evidence and sources
information), (6) safety (ie, the potentiality of risk to end users),
(7) technical support and updates (ie, there is a policy about
the maintenance of the app after it has been launched), and (8)
technology (ie, the app works smoothly and does not fail
abruptly).

In addition, this set of criteria underwent a test, and the
preliminary data have shown that the criteria are understood by
potential users. Furthermore, they have been reported to be of
high importance by the group of stakeholders. Of particular
importance (ie, a criterion that was valued as 9 or higher by all
stakeholders groups on a 0-10 numerical rating scale) were the
following: (1) It is easy to use (ie, navigation is intuitive); (2)
It guarantees the privacy of the information recorded. It requires
users to give their express consent. It warns of the risks of using
the app; (3) Confidential user data is protected and anonymized,
and there is a privacy mechanism so that users can control their
data; and (4) It uses scientific evidence to guarantee the quality
of the contents. It is based on ethical principles and values.

Our work improves previous proposals as it brings together
information from a variety of internationally relevant sources
(ie, research studies, data from websites of professional
organizations, and standards governing the development of
software for health or medical devices), whereas available ones
have been developed narrowly, mostly using just one source
(eg, studies on mobile apps [17]), sometimes using data of
unknown scientific value (ie, mobile apps available on
Web-based stores that have not undergone usability or validity
studies [19]). This might be responsible, at least in part, for
missing information in available guides. For example, in the
case of the MARS [17], which is one of the most used rating
systems, authors have failed to include some very basic items
on their scale. Of particular concern are the issues of privacy
and security of users’ information, which are not on the scale.
The protection of users’ information is mandatory by law, so it
is fundamental for all scales to include this as part of an integral
evaluation of a mobile app. Likewise, the scale attaches little
importance to whether an app is evidence-based or trialed in
well-controlled studies. For example, a recent study that used
MARS [24] to assess the quality of pain-related mobile apps
showed that of the 18 apps, the 2 that had been scientifically
tested were given the worst scores on the scale, and 1 of these
had already been awarded a seal of quality from a public agency.
It does seem that with MARS, the so-called commercial apps
are better rated than those that have been scientifically tested
and shown to provide valid and reliable information. This goes
against the current trend in the area, which is seeking apps that
have been scientifically tested and designed on the basis of
evidence [25-27]. Furthermore, Salazar et al [24] showed that
when MARS is used, an app developed with a highly specific
objective in mind (eg, to measure pain intensity) will show

lower scores (and will, therefore, be assumed to provide worse
measurements) simply because of its specificity. Finally, the
questions on the rating scale developed by Stoyanov et al [17]
were mostly written to be answered by end users and require
responses that are highly subjective or cannot be answered by
a person who is not an expert in the field (eg, “Is app content
correct, well written, and relevant to the goal or topic of the
app?”).

In addition, the preliminary data on the comprehension of the
criteria showed that they can be understood by different profiles
of stakeholders, as intended. However, a few of them reported
having problems with some criteria, which were solved after
giving additional explanations. Therefore, it is important that
the information is presented with the least technical wording
possible to facilitate comprehension. Nevertheless, additional
studies with more participants to validate and extend the findings
are warranted.

The resulting guide with this set of criteria describes the standard
to follow, identifies the main categories of criteria, and provides
stakeholders with a systematic approach by which they can
determine the general requirements of a mobile app if it is to
be considered of high quality. An app that meets these criteria
is one that will provide users with the greatest security and
confidence in performance and the objectives being fulfilled.

Limitations
This study has limitations that should be considered when
interpreting the results. First, our search strategy was limited
to papers written in English or Spanish, pain-related apps, and
guidelines and standards published in specific regions and
countries. We made these choices because it was what we could
feasibly do, but we cannot be certain that we have included all
the important criteria. For example, some issues could be seen
as more important by developers of pain-related apps compared
with developers of apps related to sexual health (eg, pain-related
apps are biased toward treatment rather than diagnosis;
pain-related apps may primarily be targeted at the patient, rather
than health professionals or carers). We analyzed the studies
on pain-related apps, and the information was combined with
that from the most important markets for mHealth apps and on
guidelines and standards available, as a way to complement
each other and solve the potential limitations. Nevertheless, the
final result of our analysis is limited in ways that we cannot
completely foresee. Therefore, future studies on the validity
and reliability of this set of criteria are warranted. Second, the
comprehension test was conducted with a small group of 18
individuals from three groups of stakeholders. Although the
number of participants was enough for a preliminary analysis,
the sample is not representative. Thus, additional studies,
including samples with more participants, are needed. Despite
these limitations, this study provides important new information
to help advance the field.

Conclusions
This set of criteria can be readily used by health care providers,
engineers and developers, researchers, patients, and regulators.
The data have shown them to be comprehensible and of
importance for a group of stakeholders. Nevertheless, future
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studies will have to empirically test the validity, reliability, and
suitability of this set of criteria. Furthermore, they should be
analyzed in terms of their significance to all stakeholders so

that the set of criteria could also be used as a guide to the quality
of the apps by all interested parties.
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Abstract

Background: Nomophobia or phobia of no mobile phone is the fear of being without a mobile phone or being unable to contact
others via a mobile phone. It is a newly emerging psychiatric disorder among mobile phone users.

Objective: There are no psychometric scales available in China for examining nomophobia, although China has become the
largest mobile phone handset consumer market in the world. Therefore, this study aimed to translate the original English version
of a psychometric scale into Chinese and further examine its reliability and validity among Chinese college students.

Methods: The original version of the Nomophobia Questionnaire (NMP-Q) was first translated into Chinese using the backward
and forward translation procedure. An exploratory factor analysis (a principal component analysis plus varimax rotation) and a
confirmatory factor analysis (CFA) were performed to examine the underlying factor structure of the translated questionnaire.
The internal consistency reliability of the scale was determined by computing the Cronbach alpha coefficient, the test-retest
reliability, and the corrected item-total correlation. A multivariate regression analysis was used for examining associations between
nomophobia and independent variables among the college students.

Results: A total of 2000 participants were included in the study. Their ages ranged from 16 to 25 years, with 51.95% (1039/2000)
being male participants. The Chinese version of NMP-Q retained 18 items. The eigenvalues, total variance explained, and scree
plot jointly support a 4-factor structure of the translated questionnaire. The CFA reached the adaptive standard, and the discriminant
validity of the scale was good. The Cronbach alpha coefficient of this scale was .925, and the Cronbach alpha coefficients of the
subscales were .882, .843, .895, and .818. The test-retest reliability was 0.947. Corrected item-total correlation ranged from 0.539
to 0.663. The significant predictors for each of the dimensions of nomophobia and total score of the questionnaire were the average
number of hours spent on a mobile phone daily and gender.

Conclusions: The Chinese version of the NMP-Q exhibited satisfactory psychometric properties.

(JMIR Mhealth Uhealth 2020;8(3):e13561)   doi:10.2196/13561
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Introduction

Background
The mobile phone embodies the latest evolution of modern
information and communication technologies [1]; in recent
years, it has become increasingly widespread within the Chinese
society. In fact, China has become the largest mobile phone
handset consumer market in the world, and the market is
expected to grow rapidly in the coming years [2]. As of
December 2016, there were 695 million mobile phone
subscribers with access to the internet in China, according to
China’s 39th Statistical Report on Internet Development [2].
Indeed, in addition to the traditional phone function for the
purpose of communication, mobile phones nowadays are more
akin to powerful portable computers, providing a number of
other intellectual functions such as internet browser, camera,
email services, real-time information, social networking, and
personal diary. All these powerful functions of the mobile phone
make our life unprecedentedly more dynamic, effective, and
convenient, thereby making the use of mobile phones
increasingly widespread among individuals from different
countries and regions [1-3].

Despite the countless benefits associated with mobile phone
use, it is severely damaging to our health, both physically and
mentally. Previous studies suggest that mobile phone overuse
exists among many people, which seriously interferes with their
daily lives, safety, and health status. These health-related
problems include blurred vision, pain in the wrists or neck,
“screen dermatitis,” tumors, infertility, and, in many cases,
traffic accidents [4-6]. Moreover, smartphone overuse also
harms mental health, leading to “smartphone dependence or
addiction” [2,7,8], which is characterized by compulsive phone
use, intolerance, withdrawal, and functional impairment. Other
terms describing mobile phone–related mental disorders include
“SMS texting addiction,” “compulsive selfie-taking behavior,”
“sexting,” “phubbing,” and the recently emerged “nomophobia”
[1,9-11].

Nomophobia, the contraction of no mobile phone phobia, is a
recently emerging neologism to describe the anxiety and distress
among mobile phone users when they are without a smartphone
or mobile phone and are unable to get access to the services and
real-time information it provides and feel disconnected. The
characterized symptoms of nomophobia include overuse of a
mobile phone and the resultant feeling of disturbance when
there is a lack of network coverage, the battery is out of power,
or the balance between the two is not enough. In addition, people
with nomophobia would frequently check their phones for
messages or missed calls, and they are repeatedly under the
illusion of hearing a mobile phone ring or vibrate. All these
symptoms because of the problematic use of a mobile phone
would inevitably affect people’s social life, work productivity,
and academic performance in a negative way. To evaluate this
situational phobia status affecting mobile phone users, Yildirim
and Correia [12] first developed the Nomophobia Questionnaire
(NMP-Q) in the United States in the English language as an
effective instrument. To the best of our knowledge, since the
advent of the English version of NMP-Q, it has only been

translated into 4 other languages, Italian [1], Persian [13],
Spanish [14], and most recently Chinese [15], with proven
reliability in each version. In 2018, Jianling Ma and Chang Liu
translated the English version of NMP-Q based on the cultural
background and language habits of the Chinese and explored
the applicability of the Chinese version of the scale among 966
college students in southern China, and the results showed that
the reliability and validity were good. However, whether the
NMP-Q scale can be directly used to evaluate the level of
nomophobia of college students in northern China needs to be
confirmed.

Objectives
The aims of this study were to translate the original NMP-Q
into simplified Chinese and further confirm its reliability and
validity among college students in northern China.

Methods

Instrument
NMP-Q is a 20-item scale developed by Yildirim and Correia
[12] through a thorough procedure comprising qualitative and
quantitative phases. NMP-Q comprises 4 factors (Factor 1:
losing connectedness; Factor 2: giving up convenience; Factor
3: not being able to communicate; Factor 4: not being able to
access information). A 7-point Likert scale ranging from 1
(strongly disagree) to 7 (strongly agree) is applied to each
NMP-Q item, leading to a summed total score. After obtaining
permission from the original authors, the Chinese NMP-Q was
developed by using the original English version and the classical
“backward and forward” procedure [1]. The final Chinese
NMP-Q (Multimedia Appendix 1) was then administered to
2000 college students in their universities in Jinzhou, along with
a general questionnaire to record the variables of age, gender,
whether having a girlfriend or boyfriend, average daily hours
of mobile phone use, residence, and grade.

Participants and Procedure
This was a cross-sectional study, and the participants comprised
college students aged 16 to 25 years from 3 universities in
Jinzhou, China. The participants who possessed a mobile phone
were recruited in this study via a convenience sampling method.
The research procedures complied with the ethical standards of
the institutional research committee, as well as the 1964 Helsinki
declaration and its later amendments. All these students had
been given written informed consent.

Statistical Analysis
Statistical analysis was performed using SPSS 22.0 and AMOS
21.0 (IBM Corporation). Continuous data were presented as
mean (SD), whereas categorical data were expressed as
percentages. Skewness and kurtosis were computed for each
item, and the data were considered normally distributed when
the values ranged from -2 to +2 [1]. To investigate the
underlying factor structure of the translated questionnaire, an
exploratory factor analysis (EFA) and a confirmatory factor
analysis (CFA) were performed. The sample of 2000 cases was
randomly divided into 2 groups, one (n=1022) for EFA and the
other (n=978) for CFA. In EFA (n=1022), a principal component
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analysis (PCA) with varimax rotation was performed on the 20
items of the questionnaire. Varimax rotation is the most
commonly used orthogonal technique that minimizes factor
complexity with a maximized variance of factor loading. The
sampling adequacy for the factorability was assessed using the
Kaiser-Meyer-Olkin (KMO) [16] measurement and Bartlett test
[17] of sphericity. Only when the Bartlett test of sphericity was
significant (P<.05) and the KMO was >0.60, the dataset was
considered appropriate for PCA. The factors were extracted
based on the comprehensive consideration of eigenvalues,
explained total variance, and a visual inspection of the scree
plot. AMOS (IBM Corporation) was used to perform the CFAs
of NMP-Q, analyzing the fit of models and its respective
parameter estimates.

Discriminant validity is the total score of the NMP-Q scale,
which was ranked from high to low; the top 27% of the scores

were grouped into the high-score group, the bottom 27% of the
scores were grouped into the low-score group, and the scores
of each item in the 2 groups were analyzed by using a two-tailed
independent samples t test. If the scores of each item in the 2
groups reached the significance level (P<.05), discriminant
validity was considered good.

Reliability for internal consistency of the scale was examined
by calculating the Cronbach alpha coefficient, the test-retest
reliability, and the corrected item-total correlation. The
minimum acceptable Cronbach alpha coefficient was set at .7
[18]. The corrected item-total correlation, representing the
correlation between each item and the sum of the other items
in a scale, was performed using the standard of 0.3 for inclusion
[18,19]. A multivariate regression analysis was performed to
explore the underlying independent variables of nomophobia.
The flow of the study is presented in Figure 1.

Figure 1. Diagram showing the flow of the study.

Results

Descriptive Statistics
This investigation was conducted among 2000 college students,
with ages ranging from 16 to 25 years. A total of 51.95%
(1039/2000) of participants were males. Regarding daily mobile
phone use, 5.70% (114/2000) of participants usually spent less
than 2 hours on their mobile phones, 25.35% (507/2000) of

participants spent between 2 and 4 hours, 42.40% (848/2000)
of participants spent between 4 and 6 hours, 13.85% (277/2000)
of participants spent between 6 and 8 hours, 6.65% (133/2000)
of participants spent between 8 and 10 hours, and 6.05%
(121/2000) of participants spent more than 10 hours.

The mean (SD) score of each item of the Chinese NMP-Q is
shown in Table 1. These data were normally distributed
according to the skewness and kurtosis figures.
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Table 1. Mean (SD) scores with skewness and kurtosis figures (N=2000).

KurtosisSkewnessMean (SD)Item number

-1.0250.1933.61 (1.785)1

-1.0780.2153.57 (1.787)2

-0.6160.5393.10 (1.636)3

-1.127-0.1784.04 (1.808)4

-1.146-0.3114.28 (1.907)5

-1.169-0.2144.14 (1.882)6

-1.284-0.1584.11 (1.958)7

-1.125-0.2494.24 (1.850)8

-0.785-0.4704.47 (1.737)9

-0.617-0.6534.74 (1.761)10

-0.597-0.6604.75 (1.764)11

-0.723-0.5634.62 (1.763)12

-1.027-0.1784.17 (1.791)13

-1.076-0.0613.96 (1.785)14

-1.055-0.1024.01 (1.794)15

-0.9920.1923.63 (1.772)16

-0.7570.4403.24 (1.711)17

-1.0220.2263.51 (1.778)18

-0.3320.7132.87 (1.649)19

-1.0450.2483.45 (1.828)20

Construct Validity Analysis
Before commencing an EFA, the factorability of the matrix of
a sample (n=1022) was first examined. The Bartlett test [17] of

sphericity was significant (χ2
190=12,413.0; P<.001), and the

KMO index [16] was 0.934, which is greater than the minimum
acceptable value of 0.6. Therefore, the matrix is not an identity
matrix and is appropriate for factor extraction.

It was shown that the vast majority of the items (16/20) were
loaded on a single factor, and the loadings on other factors were

much lower. The loading of items 4, 14, 15, and 20 was greater
than 0.4 on 2 different factors [20]. After a discussion with
experts, items 14 and 15 were deleted as they were similar to
item 13 in Chinese. For college students in northern China,
items 4 and 20 were reserved because of their influence and
contribution rate on the scale structure. A re-exploratory factor
analysis was performed after deletion; the Bartlett test [17] of

sphericity was significant (χ2
153=10,609.0; P<.001), and the

KMO index [16] was 0.928. The results are shown in Table 2.
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Table 2. Factor loadings of the Nomophobia Questionnaire (N=1022; salient factor loadings are indicated in italics).

Factor 4Factor 3Factor 2Factor 1Item number

0.2350.1330.1230.84617

0.1630.0920.0510.83419

0.1540.1090.2550.80018

0.1360.2110.2570.74616

0.0790.1080.4520.58420

0.2480.1040.8000.1636

0.3140.1870.7530.1215

0.1180.2870.6790.2339

0.1790.1800.6550.2397

0.2090.3720.5640.1898

0.1040.8890.1930.08611

0.1160.8500.1720.13112

0.1100.8170.3070.08610

0.2780.6730.1160.29113

0.7700.1600.2920.1392

0.7540.1510.0780.3853

0.6460.1530.4810.0704

0.5860.1810.3420.2271

The first PCA was run to determine the likely number of factors.
As a result, 4 factors that explained a total of 68.93% of the
variance had initial eigenvalues >1 each. The 4-factor structure
was further confirmed by the scree plot, as the descending
tendency became weak after the fourth point. After varimax
rotation, these 4 extracted factors explained 43.39%, 11.24%,
8.66%, and 5.65% of the variance. The scree plot is shown in
Figure 2. A CFA was performed on the sample (n=978). In the

model fitness index, the chi-square degree of freedom was 4.967,
goodness-of-fit index was 0.933, adjusted goodness-of-fit index
was 0.909, parsimonious goodness-of-fit index was 0.687,
incremental fit index was 0.952, Tucker Lewis index was 0.942,
comparative fit index was 0.952, root mean square error of
approximation was 0.064, and standardized root mean residual
was 0.049. The CFA results are shown in Figure 3.

Figure 2. Screen plot of exploratory factor analysis for Chinese version of the Nomophobia Questionnaire.
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Figure 3. Standardized four-factor structural model of the Nomophobia Questionnaire (n=978). F1 (losing connectedness, five items), F2 (giving up
convenience, five items), F3 (not being able to communicate, four items), F4 (not being able to access information, four items).

Discriminant Validity and Correlations Among Factors
The total score of the NMP-Q scale was ranked from high to
low; the top 27% of the scores were grouped into the high-score
group, and the bottom 27% of the scores were grouped into the
low-score group. In this study, critical value scores were 83 and

58, respectively, and the score of each item in the 2 groups was
analyzed by using a 2-tailed independent samples t test. The
results showed that the score of each item in the 2 groups
reached the level of significance (P<.05). The results are shown
in Table 3. The results of correlations among factors in the
Chinese version of NMP-Q are shown in Table 4.
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Table 3. Score comparison between high-score and low-score groups (N=2000).

P valuet test (df)High-score group (n=567),
mean (SD)

Low-score group (n=553),
mean (SD)

Item

<.001-35.077 (1108.951)5.07 (1.444)2.21 (1.286)1

<.001-33.217 (1109.057)5.00 (1.480)2.22 (1.319)2

<.001-30.634 (967.443)4.35 (1.596)1.90 (1.024)3

<.001-36.917 (1036.226)5.51 (1.165)2.52 (1.514)4

<.001-41.765 (998.128)5.86 (1.099)2.52 (1.536)5

<.001-38.591 (1085.682)5.64 (1.274)2.45 (1.479)6

<.001-34.609 (1081.911)5.63 (1.351)2.58 (1.584)7

<.001-38.609 (1011.067)5.71 (1.115)2.62 (1.521)8

<.001-33.304 (921.158)5.76 (1.044)2.98 (1.673)9

<.001-32.446 (821.716)6.00 (0.929)3.21 (1.802)10

<.001-30.136 (819.922)5.98 (0.959)3.29 (1.866)11

<.001-30.476 (918.955)5.85 (1.093)3.18 (1.759)12

<.001-36.585 (1068.760)5.57 (1.216)2.61 (1.474)13

<.001-36.109 (1115.903)5.15 (1.412)2.20 (1.319)16

<.001-33.970 (1041.411)4.65 (1.525)1.94 (1.125)17

<.001-37.104 (1100.063)4.97 (1.415)2.05 (1.213)18

<.001-26.223 (906.649)4.02 (1.743)1.80 (1.000)19

<.001-32.421 (1057.658)4.86 (1.629)2.06 (1.245)20

Table 4. Correlations among factors in the Chinese version of the Nomophobia Questionnaire (N=2000).

Factor 3Factor 2Factor 1Factor

——b0.556aFactor 2

—0.569a0.443aFactor 3

0.465a0.663a0.542aFactor 4

aSignificant correlation at the .01 level (two-sided).
bNot available.

Reliability Analysis
Reliability analysis results showed that the Chinese version of
NMP-Q has ideal internal consistency, with the overall Cronbach
alpha coefficient being .925 and Cronbach alpha coefficients
for the 4 factors being .882, .843, .895, and .818, all greater
than the minimum acceptable value of .7. The change in the
Cronbach alpha value when a given item is excluded from the

questionnaire is listed in Table 5. As seen in Table 5, the
deletion of each item each time exclusively led to a decrease in
the Cronbach alpha coefficient of the questionnaire (.925). In
addition, the corrected item-total correlation of the items ranged
from 0.539 to 0.663, that is, all greater than 0.3. As such, 18
items are integral to the questionnaire. After 2 weeks, 30
students were randomly selected for retesting; the test-retest
reliability was 0.947.
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Table 5. Cronbach alpha coefficient if the item was deleted and corrected item-total correlation (N=2000).

Corrected item-total correlationCronbach alpha if the item was deletedItem

0.600.9211

0.585.9222

0.577.9223

0.632.9214

0.663.9205

0.649.9206

0.586.9227

0.637.9218

0.620.9219

0.617.92110

0.588.92211

0.592.92212

0.636.92113

0.652.92016

0.622.92117

0.634.92118

0.539.92319

0.596.92220

Sex Differences and Prevalence of Nomophobic
Behavior
The independent t test found that females (mean 75.61, SD
20.32) had a higher total nomophobia score than males (mean
65.82, SD 21.23; t2000= -10.52; P<.001). To evaluate the
prevalence of nomophobic behavior in Chinese college students,
a total nomophobia score was calculated for each participant
and transformed into a Z-score in the sample (N=2000). A
Z-score lower than -1 was regarded as demonstrating the absence
of nomophobia. A Z-score between -1 and the mean was seen
as demonstrating a low level of nomophobia. A Z-score above
the mean but lower than 1 was taken as demonstrating a mild
level of nomophobia. Finally, a Z-score greater than 1 but lower
than 2 was recognized as demonstrating a severe level of
nomophobia, and a Z-score above 2 was classified as a very
severe level of nomophobia. Specifically, there were 15.85%
(317/2000), 31.75% (635/2000), 36.95% (739/2000), 13.20%
(264/2000), and 2.25% (45/2000) of participants in the without,
low, mild, severe, and very severe levels of nomophobia groups,
respectively.

Multivariate Regression Analysis of the Total Scores
of Nomophobia and Scores of Various Factors
On the basis of the multivariate regression analysis results shown
in Table 6, the NMP-Q total score correlated with daily hours
of mobile phone use, gender, and residence, although no
statistically significant associations were found with age, grade,
and whether or not having a boyfriend or girlfriend.

Identical patterns were found for the total score of the subscale,
“not being able to access information.” The total score of the
subscale, “giving up convenience,” showed correlations with
daily hours of mobile phone use, gender, and grade. “Not being
able to communicate” correlated with daily hours of mobile
phone use, age, gender, grade, and residence. “Losing
connectedness” correlated with daily hours of mobile phone
use, gender, grade, and residence.

In conclusion, the daily hours of mobile phone use and gender
correlated with all the 4 subscales of the questionnaire, whereas
age, grade, residence, and whether or not having a boyfriend or
girlfriend only associated with certain subscales. Age had no
association with the 4 subscales.
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Table 6. A multivariate regression analysis on the impact of variables on total scores of the scale and subscales (N=2000).

P valuet test (df)BetaSDBModel

Overall

<.0013.595 (6)—a8.59730.910Constant

<.0019.131 (6)0.1950.3833.497Number of hours of mobile phone use

.101.643 (6)0.0420.4420.726Age (years)

<.0019.740 (6)0.2090.9178.927Gender

.550.600 (6)0.0160.8660.520Grade

.0052.787 (6)0.0600.9132.545Residence

.12-1.569 (6)-0.0341.013-1.589Having a boyfriend or girlfriend or not

Not being able to access information

.022.285 (6)—2.3115.279Constant

<.0016.632 (6)0.1440.1030.683Number of hours of mobile phone use

.231.210 (6)0.0320.1190.144Age (years)

<.0018.659 (6)0.1890.2462.133Gender

.241.171 (6)0.0310.2330.273Grade

.032.132 (6)0.0460.2450.523Residence

.82-0.233 (6)-0.0050.272-0.063Having a boyfriend or girlfriend or not

Giving up convenience

.0013.369 (6)—2.9599.967Constant

<.0019.657 (6)0.2080.1321.273Number of hours of mobile phone use

.141.482 (6)0.0380.1520.225Age (years)

<.0019.040 (6)0.1950.3152.852Gender

.004-2.850 (6)-0.0740.298-0.850Grade

.111.621 (6)0.0350.3140.509Residence

.20-1.286 (6)-0.0280.349-0.449Having a boyfriend or girlfriend or not

Not being able to communicate

<.0013.527 (6)—2.5529.000Constant

<.0014.069 (6)0.0890.1140.463Number of hours of mobile phone use

.022.329 (6)0.0620.1310.305Age (years)

<.0017.974 (6)0.1760.2722.169Gender

.001-3.430 (6)-0.0910.257-0.882Grade

.012.474 (6)0.0540.2710.671Residence

.06-1.888 (6)-0.0420.301-0.568Having a boyfriend or girlfriend or not

Losing connectedness

.022.294 (6)—2.9056.663Constant

<.0018.339 (6)0.1790.1291.079Number of hours of mobile phone use

.730.347 (6)0.0090.1490.052Age (years)

<.0015.727 (6)0.1230.3101.774Gender

<.0016.761 (6)0.1750.2931.979Grade

.0062.727 (6)0.0580.3090.841Residence

.14-1.489 (6)-0.0320.342-0.510Having a boyfriend or girlfriend or not

aNot available.
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Discussion

Principal Findings
This study translated NMP-Q, developed by Yildirim and
Correia [12], into Chinese and tested its psychometric properties
among a large number of Chinese college students to investigate
whether the Chinese NMP-Q can be applied to college students
in China. Our findings supported a structure comprising 18
items falling into 4 factors, which is identical to the structure
of the original version of the measure; items 14 and 15 were
deleted because of double loadings and because their Chinese
meanings are similar to item 13 in the understanding of college
students in northern China. Construct validity, discriminant
validity, and reliability analysis confirmed that the scale is
reliable and valid for assessing nomophobic behavior in Chinese
college students.

To the best of our knowledge, our results differ from those of
Jianling Ma and Chang Liu in China [15]. One possible reason
might be the cultural, territorial, and sample differences. China
is a vast country divided into north and south regions, and
people’s personalities are different; the southern people are
more sensitive than the northern people. The sample of our
survey was from northern China, whereas the sample that
Jianling Ma and Chang Liu surveyed was from southern China.
Therefore, the understanding of items 13, 14, and 15 may be
different. The other reason is the sample size (2000 students
instead of 966). Therefore, our results may be more appropriate
for college students in northern China. The original scale has
already been validated in Spain [14], Iran [13], and Italy [1],
and in these cases, the content and structural validity of the scale
were supported. The Spanish version of NMP-Q showed 4
factors consistent with the original scale. However, in the
Persian version, although the 4-factor model was also supported,
items 9 and 14 were deleted because of low factor loadings [13].
The Italian version of NMP-Q showed 3 factors [1]. One
possible reason might be the cultural and sample differences:
although we selected college students, the Persian version used
teenagers aged between 13 and 19 years. The Italian version
surveyed 403 people, and we surveyed 2000 people, and the
people we surveyed were younger than those in the Italian
sample (mean 19.07, SD 1.25 years vs mean 27.91, SD 8.63
years, respectively). Therefore, the results are different.

The total scores, both of the scales and all subscales, correlated
with the daily hours of mobile phone use and gender, which
confirmed the validation of the Chinese version of NMP-Q.
Another interesting finding of this study is that gender had a
significant influence on nomophobia; specifically, female

students were more negatively affected by being without a
mobile phone compared with their male counterparts. Our
present data are in line with previous studies showing that
females were at greater risk of mobile phone addiction [21-23],
which may be related to women’s stronger desire for social
relationships [21]. In fact, the association between gender and
problematic use of mobile phones is quite complex, and, to date,
the investigation regarding the effect of gender on nomophobia
has produced conflicting results [1,21,24,25]. The discrepancy
among studies, including ours, is difficult to understand and
might be related to the difference in ethnicity and subgroup of
the population included in different studies. In addition, the
differential interpretation of the item content and factor
structures between genders because of different brain structures
might also have an impact on the results [13,26]; this issue
warrants further exploration.

Several limitations should be taken into account when
interpreting the findings in this study. First, the sample was
conveniently obtained; therefore, there is a lack of
representativeness. Furthermore, only college students were
included in the study. Hence, our results should be generalized
with caution. Second, bias was inevitable because of the
self-reporting nature of this investigation. Third, data regarding
other psychiatric disorders, such as depression, anxiety, and
obsessive-compulsive disorders, have not been taken into
account, and these may become underlying confounding factors.
Besides, because of a dearth of research on this topic, it is
difficult to have a proper discussion involving a comparison
with the findings of previous studies. Nevertheless, this
concurrently highlights the novelty, fun, and readability of this
study.

Conclusions
Nomophobia is an emerging psychological disorder related to
problematic mobile phone use and is increasingly studied by
health care researchers. Research on this condition might have
greater significance for China, as it has become the largest
mobile phone handset consumer market in the world. The
Chinese version of this instrument, supporting a 4-factor
structure, turned out to be reliable; therefore, it can be employed
for investigating nomophobia in the Chinese society. Future
research should be encouraged to examine the psychometric
properties of this translated NMP-Q across different groups in
China, to determine underlying comorbidities, and to explore
the relationship of nomophobia with other technopathy. In
addition, the underlying predictors of nomophobia should be
further identified.
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Abstract

Background: The number of mobile health apps (MHAs), which are developed to promote healthy behaviors, prevent disease
onset, manage and cure diseases, or assist with rehabilitation measures, has exploded. App store star ratings and descriptions
usually provide insufficient or even false information about app quality, although they are popular among end users. A rigorous
systematic approach to establish and evaluate the quality of MHAs is urgently needed. The Mobile App Rating Scale (MARS)
is an assessment tool that facilitates the objective and systematic evaluation of the quality of MHAs. However, a German MARS
is currently not available.

Objective: The aim of this study was to translate and validate a German version of the MARS (MARS-G).

Methods: The original 19-item MARS was forward and backward translated twice, and the MARS-G was created. App description
items were extended, and 104 MHAs were rated twice by eight independent bilingual researchers, using the MARS-G and MARS.
The internal consistency, validity, and reliability of both scales were assessed. Mokken scale analysis was used to investigate the
scalability of the overall scores.

Results: The retranslated scale showed excellent alignment with the original MARS. Additionally, the properties of the MARS-G
were comparable to those of the original MARS. The internal consistency was good for all subscales (ie, omega ranged from
0.72 to 0.91). The correlation coefficients (r) between the dimensions of the MARS-G and MARS ranged from 0.93 to 0.98. The
scalability of the MARS (H=0.50) and MARS-G (H=0.48) were good.

Conclusions: The MARS-G is a reliable and valid tool for experts and stakeholders to assess the quality of health apps in
German-speaking populations. The overall score is a reliable quality indicator. However, further studies are needed to assess the
factorial structure of the MARS and MARS-G.

(JMIR Mhealth Uhealth 2020;8(3):e14479)   doi:10.2196/14479
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Introduction

Mobile phones are an integral part of modern life. In Europe,
67% of the population owns smartphones, and the number of
smartphone users is rising worldwide [1]. It has been reported
that 30% of Germans have 11 to 20 apps installed on their
smartphones [2]. The use of mobile apps to improve mental
health and well-being is becoming increasingly common, with
roughly 29% of Germans currently using at least one health app
[3].

Globally, between 95 million and 130 million people speak
German, making it the 11th most spoken language worldwide
[4,5]. Elderly individuals and people with basic education are
commonly monolingual in Germany [6]. Yet, these populations
have a high need for assistance in developing and maintaining
health behaviors and could benefit from the use of mobile health
apps (MHAs). A German MHA rating scale could help
researchers and health care providers assess the quality of health
apps quickly and reliably in their mother tongue. Furthermore,
it would be easy to rate a German app with a German scale.

MHAs offer unique and diverse possibilities for health
promotion. They allow ecological momentary assessments [7,8]
and interventions [8,9]. Additionally, they can be used
irrespectively of geographical, financial, and social conditions;
can simultaneously target nonclinical and clinical populations;
and have the capacity to provide diverse health-management
strategies in an ecological setting [10]. Moreover, they support
individuals, including those from high-need high-cost
populations (eg, those with chronic or lifestyle diseases), in
managing their health [9]; reduce help-seeking barriers; and
offer a wide range of engagement options [10].

Despite the recent proliferation of MHAs [11], there are no
universally accepted criteria for measuring and reporting their
quality [8,12]. Therefore, it is necessary to support researchers,
users, and health care providers (eg, physicians,
psychotherapists, and physiotherapists) in selecting high-quality
MHAs. Safe and reliable use of MHAs requires evidence of
efficacy and quality, information about data protection,
information about routines for emergencies (eg, self-harm and
adverse effects), and overall consideration of associated risks
[10].

Boudreaux and colleagues [13] suggested the following seven
strategies to evaluate MHA quality: (1) Review the scientific
literature; (2) Search app clearinghouse websites; (3) Search
app stores; (4) Review app descriptions, user ratings, and user
reviews; (5) Conduct a social media query within professional
and, if available, patient networks; (6) Pilot the apps; and (7)
Elicit feedback from users. This process might be too demanding
for health care providers and end users when making treatment
choices. A standardized and reliable quality assessment tool
could facilitate this process.

Several MHA evaluation scales exist to date. The American
Psychological Association released an app evaluation model
comprising 33 items across the following five scales:
background information, risk/privacy and security, evidence,
ease of use, and interoperability [12]. The main aim of this

model is to assess the likelihood of harm [9]. However, the
validity and reliability assessment of this rating instrument has
not yet been reported, and there is no agreement regarding its
application [14].

Baumel and colleagues [15] developed the Evaluation Tool for
Mobile and Web-Based eHealth Interventions (ENLIGHT),
according to a comprehensive systematic review of relevant
criteria. The tool allows the evaluation of app quality in terms
of seven dimensions (usability, visual design, user engagement,
content, therapeutic persuasiveness, therapeutic alliance, and
general subjective evaluation) with 28 items. ENLIGHT also
provides a checklist to assess credibility, evidence base, privacy
explanation, and basic security.

The Mobile App Rating Scale (MARS) [16] is the most
commonly used app evaluation tool that allows electronic health
experts to rate MHAs. It includes 19 items comprising four
subscales on objective MHA characteristics (engagement,
functionality, esthetics, and information quality) and a further
10 items comprising two subscales on subjective characteristics
(subjective app quality and perceived impact). The subscale and
overall scores indicate the quality of MHAs. The MARS has
been used to scientifically assess app quality in the following
fields: weight management, physical activity, heart failure, diet
in children and adolescents, medication adherence, mindfulness,
back pain, chronic pain, smoking cessation, and depression
[8,17-24]. Thus, it is the most widely used MHA quality rating
tool in the scientific community. Furthermore, numerous
international efforts promoting safe MHA use (eg, Mobile
Health App Database, PsyberGuide or App Script, Reachout,
Kinds Helpline, Health Navigator, and Vic Health) are based
on the MARS.

The original version of the MARS is in English, but culture-
and language-specific app ratings are needed globally. Spanish
and Italian versions of the MARS have been developed [25,26].
A German MARS is necessary considering the growing and
unregulated MHA market in Germany. Therefore, this study
aimed to develop and validate a German version of the Mobile
App Rating Scale (MARS-G) and to investigate the scalability
of the overall MARS score with Mokken scale analysis—an
approach that is closely related to item response theory.

Methods

Adaptation and Translation
The MARS was translated from English into German by two
independent bilingual scientists (EMM and TP). After review
and discussion of both forward translations, a pilot version of
the MARS-G was created. This pilot version underwent blind
back translation by two bilingual speakers with different
backgrounds (a postdoctoral psychologist [AB] and a
nonacademic individual [LMZ]). Thereafter, the back translation
was compared with the original English version by the bilingual
scientists (EMM and TP), and the penultimate version of the
MARS-G was created. This version was evaluated for
comprehensibility by three researchers and three nonacademics.
After addressing their comments, the final version of the
MARS-G was created and used in this study. The MARS-G can
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be downloaded from the supplementary materials or obtained
from the authors on request.

Search and Procedure
The MARS-G was validated within the framework of a study
on the quality of apps targeting anxiety (E M Messner et al,
unpublished data, 2020). Apps were identified using the
following search terms: anxiety, fears, anxiety attack, anxious,
anxiousness, anxiety disorder, fear, dread, fearful, panic, panic
attacks, worry, and worries. Each search term was provided
separately, as no truncation or use of logic operators (AND,
OR, and NOT) was possible in the Google Play Store and iOS
Store.

The inclusion process was divided into three steps (searching,
screening, and determining eligibility). (1) Using the search
terms mentioned above, the initial app pool was identified. (2)
App details on the store sites were screened, and apps were
downloaded and reviewed if they were developed for anxiety,
were available in German or English, were downloadable
through the official Google Play Store or iOS Store, and met
no relevant exclusion criteria (app bundles [many applications
only available as a group]). (3) All downloaded apps were
assessed and excluded if they did not address anxiety, were not
in German or English, were malfunctioning, or met relevant
exclusion criteria (device incompatibility and development/test
phase). We identified 3562 MHAs from the app stores.
However, we excluded 810 duplicate apps, 2577 apps considered
inappropriate on screening, and 71 apps considered ineligible.
The remaining 104 apps were rated using the MARS and
MARS-G by two independent trained raters. The raters tested
all MHAs for 15 minutes. Quality was assessed immediately
after the testing period in both languages. The assessment of
the MARS-G is present in a review evaluating the quality of
MHAs available for anxiety (E M Messner et al, unpublished
data, 2020).

Rater Training
We followed the rating methodology in the original study by
Stoyanov and colleagues [16]. We created a YouTube video
with an introduction on MARS-G rating and an exercise on how
to rate an app used as an exemplary health app
(TrackYourTinnitus) [27]. This video can be requested from
the corresponding author. Each rater was trained using this
video, and five predefined apps were then rated to ensure that
each rater was appropriately trained. If the individual rating
score was different from our standard rating score by at least 2
points, the difference was discussed until agreement. All raters
had at least a bachelor’s degree in psychology to ensure a
necessary minimum psychodiagnostic competence standard.

German Version of the Mobile Application Rating
Scale
We added the following items in the app description section for
the MARS-G: theoretical background (cognitive-behavioral,
therapy, systemic therapy, etc), methods (eye movement
desensitization and reprocessing, tracking, feedback, etc),
category in the app store (lifestyle, medicine, etc), embedding
into routine care (communication with therapist, etc), type of
use (prevention, treatment, rehabilitation, etc), guidance

(stand-alone, blended care, etc), certification (medical device
law, etc), and data safety (log in, informed consent, etc). The
four sections of the original MARS were expanded with an
additional section focusing on the therapeutic gain associated
with the app. The derived items were as follows: gain for the
patient; gain for the therapist; risks and adverse effects; and
ease of implementation in routine health care.

Analyses

Intraclass Correlation
The included MHAs were rated independently by two trained
raters. The intraclass correlation coefficient (ICC) was calculated
to assess the extent of agreement between the raters. An ICC
of <0.50 indicated poor correlation, 0.51-0.75 indicated
moderate correlation, 0.76-0.89 indicated good correlation, and
>0.90 indicated excellent correlation [28]. According to the
findings of previous studies, an ICC >0.75 was considered to
indicate sufficient correlation [8,29,30].

Internal Consistency
Internal consistency of the MARS-G and its subscales was
assessed as a measure of scale reliability, similar to the original
MARS [16]. Omega was used instead of the widely adopted
Cronbach alpha to assess reliability, as it provides a more
unbiased estimation of reliability [31-33]. For estimations, the
procedure introduced by Zhang and Yuan [34] was used to
obtain robust coefficients and bootstrapped bias-corrected
confidence intervals. Reliability of ω <0.50 indicated
unacceptable internal consistency, 0.51-0.59 indicated poor
consistency, 0.60-0.69 indicated questionable consistency,
0.70-0.79 indicated acceptable consistency, 0.80-0.89 indicated
good consistency, and >0.90 indicated excellent consistency
[35].

Validity
We assessed correlations between corresponding subscales of
the MARS and MARS-G, as well as the overall correlation
between the MARS total score and MARS-G total score. A r
value >0.8 was a priori considered by the author group as an
indicator of a strong and sufficient association between the
MARS and MARS-G. Additionally, mean comparisons were
performed between the dimensions of the MARS and MARS-G,
using two-sided t tests. For all comparisons, a P value <.05 was
considered significant.

Mokken Scale Analysis
Mokken scale analysis (MSA) is a scaling approach closely
related to nonparametric item response theory [36]. The
preconditions to use MSA are monotonicity and nonintersection.
The key parameter in the MSA is Loevinger H. Hi is the scaling
parameter for item i, and the overall scalability of all items
clustering onto scale k is Hk. Hi indicates the strength of the
relationship between a latent variable (app quality) and item i.
A high scalability score indicates a high probability that an
increase in item i is accompanied by an increase in the latent
variable. A scale is considered weak if H is <0.4, moderate if
H is ≥0.4 but <0.49, and strong if H is >0.5 [36]. This approach
has been described in detail previously [36-39]. For both the
MARS and MARS-G, the MSA was conducted to assess the
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scalability of the mean scores. As recommended by van der Ark
[36], the reliability of the scales was additionally assessed using
the Molenaar-Sijtsma method (MS) [40,41], lambda-2 [42], and
latent class reliability coefficient (LCRC) [43]. The MSA has
been described previously [36].

Analysis Software
R software (R Foundation for Statistical Computing, Vienna,
Austria) [44] was used for all analyses, except intraclass
correlation. The MSA was conducted using the R package
mokken [36,38]. Correlations and internal consistency were
calculated using the psych (version 1.8.12) [45] and
coefficientalpha packages (version 0.5) [34]. The
coefficientalpha package includes the calculation of omega with
missing and nonnormal data. The ICC was calculated using
IBM SPSS 24 (IBM Corp, Armonk, New York) [46].

Results

Descriptive Data and Mean Comparisons
The ICCs for the MARS and MARS-G were high (ICCMARS:
0.84, 95% CI 0.82-0.85; ICCMARS-G: 0.83, 95% CI 0.82-0.85).
The mean and standard deviation scores of the items in the
MARS-G are presented in Table 1. The mean and standard
deviation scores of the items in the MARS are reported
elsewhere (E M Messner et al, unpublished data, 2020). The
mean scores of the dimensions engagement (t206=0.12; P=.91),
functionality (t205=0.39; P=.70), esthetics (t206=−0.012; P=.99),
and information quality (t204=0.45; P=.66) and the overall rating
(t206=0.27; P=.80) were equivalent between the MARS and
MARS-G.

Table 1. Summary of item and scale scores for the German version of the Mobile App Rating Scale.

Score, mean (SD)Dimension

2.52 (0.70)Engagement

2.64 (0.93)Item 01

2.79 (0.90)Item 02

2.19 (1.00)Item 03

1.86 (0.79)Item 04

3.15 (0.72)Item 05

4.12 (0.69)Functionality

4.13 (0.82)Item 06

4.24 (0.77)Item 07

4.09 (0.74)Item 08

4.03 (0.78)Item 09

3.21 (0.94)Esthetics

3.40 (0.93)Item 10

3.20 (1.09)Item 11

3.04 (0.99)Item 12

2.75 (0.60)Information quality

3.60 (0.76)Item 13

2.63 (0.68)Item 14

2.67 (0.76)Item 15

2.61 (0.88)Item 16

3.66 (0.68)Item 17

1.87 (0.89)Item 18

3.00 (N/Aa)Item 19

3.11 (0.58)Overall mean

aThis item on information quality could be rated for only 1 app, for the rest it was rated not applicable.

Internal Consistency
The internal consistency for the MARS dimension engagement
was good (ω=0.84, 95% CI 0.77-0.88). The internal
consistencies for functionality (ω=0.90, 95% CI 0.85-0.94) and

esthetics (ω=0.91, 95% CI 0.92-0.96) were excellent. The
internal consistency for information quality was acceptable
(ω=0.74, 95% CI 0.14-0.99; α=.75, 95% CI 0.67-0.83). The
internal consistency of the overall MARS score was good
(ω=0.81, 95% CI 0.74-0.86).
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The internal consistencies of the MARS-G dimensions were
almost identical to those of the original MARS (engagement:
ω=0.85, 95% CI 0.78-0.89; functionality: ω=0.91, 95% CI
0.87-0.94; esthetics: ω=0.93, 95% CI 0.90-0.95; information
quality: ω=0.72, 95% CI 0.33-0.81). The internal consistency
of the overall score was good (ω=0.82, 95% CI 0.76-0.86).

Validity
The correlation coefficients between corresponding dimensions
of the MARS and MARS-G ranged from 0.93 to 0.98, and P
values were adjusted for multiple testing according to the
Holmes method [47] (Table 2). Correlations between the
respective items are presented in Multimedia Appendix 1. There
were no associations between user ratings and quality ratings
(Table 1).

Table 2. Validity of the German version of the Mobile App Rating Scale (r and P value).

Star ratingInformation qualityGEREstheticsGERFunctionalityGEREngagementGER
aDimension

−0.03 (.99)0.52 (.001)0.73 (<.001)0.49 (<.001)0.97 (<.001)EngagementENG
b

0.06 (.99)0.36 (.002)0.43 (<.001)0.98 (<.001)0.45 (<.001)FunctionalityENG

0.12 (.99)0.41 (.001)0.97 (<.001)0.41 (<.001)0.69 (<.001)EstheticsENG

0.25 (.19)0.93 (.001)0.47 (<.001)0.34 (.004)0.55 (<.001)Information qualityENG

—c0.26 (.19)0.12 (>.99)0.07 (>.99)−0.03 (>.99)Star rating

aGerman version.
bEnglish version.
cNot applicable.

Mokken Scale Analysis
The MSA of the MARS revealed strong scalability (H=0.50;
SE 0.062). There were no violations of monotonicity and
nonintersection. The internal consistency of this scale was

acceptable (MS=0.74; lambda 2=0.73; LCRC=0.72). The MSA
of the MARS-G revealed good scalability (H=0.48; SE 0.060).
The internal consistency of this scale was acceptable (MS=0.74;
lambda 2=0.72; LCRC=0.74). The scalability results of the
MARS and MARS-G are presented in Table 3.

Table 3. Summary of the Hk coefficient (overall scalability of all items in the scale) for the Mobile App Rating Scale (MARS) and the German version
of the Mobile App Rating Scale (MARS-G).

MARS-GMARSDimension

0.570.59Engagement

0.410.43Functionality

0.510.51Esthetics

0.410.45Information quality

0.480.50Total scale

Discussion

Principal Findings
This study developed and evaluated the MARS-G for MHAs.
The results showed that the MARS-G is a reliable and valid
tool for experts to assess the quality of MHAs. The validity and
reliability of the MARS-G were comparable to those of the
original MARS. With regard to the reliability of the dimension
information quality, the confidence interval of omega was
overestimated owing to planned missingness. The planned
missingness originated from the response option not applicable,
which allows raters to skip an item if the app does not have any
health information (eg, diary apps and brain games). There were
no differences in reliability between the MARS-G and original
MARS.

The MSA revealed that the use of the MARS-G total score is
appropriate. Furthermore, there was good correspondence

between the MARS-G and original MARS, indicating good
validity. Our results are consistent with the findings of a study
that introduced and tested an Italian version of the MARS [25].

The MARS-G has been presented in Multimedia Appendix 2
and can be obtained from the authors on request. It can be used
freely for research and noncommercial MHA-evaluation
projects. To reach satisfactory interrater reliability, completion
of an online training exercise provided by the corresponding
author is highly recommended. Furthermore, a training dataset
of five apps can be obtained from the corresponding author on
request. The MARS-G ratings should be revised until an
appropriate level (ie, ICC >0.75) of interrater reliability is
achieved.

To assist in MHA selection, standardized high-quality ratings
of MHA are needed in German-speaking countries. Overall, a
publicly available database presenting reliable, valid, and
standardized expert ratings, like MARS-G ratings, could
contribute to informed health care decisions on which app to
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use for a specific disease or purpose. The mobile health app
database [48] is one example of such a tool that assists users
and health care providers in selecting appropriate apps for
different health-related purposes.

Limitations
This study has several limitations. First, convergent validity
was only evaluated by comparing the MARS and MARS-G.
Comparisons with other app rating scales, such as ENLIGHT
[15] and the American Psychological Association app evaluation
model [12], are necessary in future studies. Second, the focus
on anxiety apps limits generalization. Further studies are needed
to confirm that these findings can be generalized to other mobile
health domains. Such studies would require expert raters who
are familiar with the specific domain. Finally, a confirmatory
factor analysis of the MARS and MARS-G should be conducted
in future studies with larger samples to ensure that the
predefined subscales of the MARS and MARS-G can be
confirmed.

Future Research
This translation study of the MARS led to the discovery of
several research gaps. Future studies should focus on the
improvement of app quality assessment and therefore the
augmentation of safe MHA use on a broad scale. A challenge
in this research is that the sequence in which apps are presented
in the app store is incomprehensible and differs depending on
which account is used for the search. In future studies, a web
crawler could be used to search European app stores with

keywords in order to build an unbiased database of available
MHAs. Such a database already exists in China, and it contains
all MHAs available in the United States, China, Japan, Brazil,
and Russia [49].

Future studies should also shed light on the correlation between
real-life user behavior and MARS or MARS-G ratings. As the
MARS and MARS-G capture app quality, they could help
predict the ability of users to download and use digital resources.
Such research has already been conducted for ENLIGHT and
real-life user engagement [50]. The efficacy of MHAs is strongly
related to user adherence [50-52]; thus, high-quality apps might
need to include adherence facilitation strategies to reach their
potential.

Moreover, patient involvement should be taken into account.
The user version of the MARS (uMARS) [53] should be
translated and tested for reliability and validity as well, so that
expert ratings of the MARS-G can be complemented with user
ratings of the uMARS-G in German-speaking countries. In
addition, there is a need for additional studies in the future to
investigate the MARS-G and uMARS-G for apps related to
specific health problems.

In conclusion, the MARS-G could be used by various
stakeholders, such as public health authorities, patient
organizations, researchers, health care providers (eg, physicians
and psychotherapists), and interested third parties, to assess
MHA quality. Furthermore, app developers could use the
MARS-G as a tool to improve the quality of their apps.
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Abstract

Background: Although there are many wearable devices available to help people lose weight and decrease the rising prevalence
of obesity, the effectiveness of these devices in long-term weight management has not been established.

Objective: This study aimed to systematically review the literature on using wearable technology for long-term weight loss in
overweight and obese adults.

Methods: We searched the following databases: Medical Literature Analysis and Retrieval System Online, EMBASE, Compendex,
ScienceDirect, Cochrane Central, and Scopus. The inclusion criteria were studies that took measurements for a period of ≥1 year
(long-term) and had adult participants with a BMI >24. A total of 2 reviewers screened titles and abstracts and assessed the
selected full-text papers for eligibility. The risk of bias assessment was performed using the following tools appropriate for
different study types: the Cochrane risk of bias tool, Risk Of Bias In Nonrandomized Studies-of Interventions, A MeaSurement
Tool to Assess systematic Reviews, and 6 questions to trigger critical thinking. The results of the studies have been provided in
a narrative summary.

Results: We included five intervention studies: four randomized controlled trials and one nonrandomized study. In addition,
we used insights from six systematic reviews, four commentary papers, and a dissertation. The interventions delivered by wearable
devices did not show a benefit over comparator interventions, but overweight and obese participants still lost weight over time.
The included intervention studies were likely to suffer from bias. Significant variances in objectives, methods, and results of
included studies prevented meta-analysis.

Conclusions: This review showed some evidence that wearable devices can improve long-term physical activity and weight
loss outcomes, but there was not enough evidence to show a benefit over the comparator methods. A major issue is the challenge
of separating the effect of decreasing use of wearable devices over time from the effect of the wearable devices on the outcomes.
Consistency in study methods is needed in future long-term studies on the use of wearable devices for weight loss.

Trial Registration: PROSPERO CRD42018096932; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=96932

(JMIR Mhealth Uhealth 2020;8(3):e13461)   doi:10.2196/13461

KEYWORDS

telemedicine; mHealth; eHealth; mobile health; obesity; wearable electronic devices; wearable technology; wearable device;
digital technology; weight loss; overweight; fitness trackers
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Introduction

Obesity is a rising concern worldwide [1]. By 2030, obesity
prevalence in the United States is predicted to be 50% to 51%
in men and 45% to 52% in women, and it is estimated that in
the United Kingdom, 41% to 48% of men and 35% to 43% of
women will be obese [2]. Obesity is well known to be a risk
factor for different medical conditions, leading to increased
morbidity and mortality [2,3]. Various interacting factors
influence the prevalence of obesity, including people’s
upbringing, lifestyle, environment, and genetics [4]. Over the
past decades, numerous strategies for losing weight have been
developed that mainly focus on reducing calorie intake and
increasing energy expenditure [1]. It is important to tackle
obesity early on, as the ability of a person to increase his or her
activity levels decreases as his or her weight increases
(particularly BMI >40) [4].

The rapid development of technology has led to a growing
market of wearable devices claiming to help people lose weight.
Over 100 million wearable devices were sold in 2016, and sales
were expected to continue to rise over the next years [5].
Wearable technology refers to any electronic device that is worn
on the body, commonly being fitness trackers containing some
form of an activity monitor.

In combination with an effective weight management
intervention based on a behavior change model, wearable
technologies can help people lose weight through various means,
eg, by promoting physical exercise, by monitoring food
consumption, or by encouraging interuser communication and
support [6]. Research on the effectiveness of interventions
delivered by wearable devices suggests that these interventions
can help lose weight [7]. However, long-term weight loss (>1
year) is often unsuccessful [8]. Wearable devices have only
demonstrated a statistically significant weight loss lasting for
a few weeks, which greatly reduces the potential usefulness of

these devices [7]. Digital wearables could be a novelty that
wears off over time, rather than being part of a sustained lifestyle
change [9].

Previous research on weight loss interventions without wearable
technology has shown that over a 5-year period, only 20% of
individuals maintained a weight loss of more than 5 kg (after
an initial loss of around 10 kg) [10,11]. Therefore, this review
focused on studies that can aid long-term weight loss. Evidence
on the long-term effects of wearables to manage or prevent
obesity could be relevant for people seeking to reach a healthy
weight and for their medical practitioners [12].

This study systematically reviewed the use of wearable devices
for long-term weight loss in overweight and obese adults. This
review had four objectives: (1) to investigate the effects of using
wearable devices on physical activity and weight outcomes, (2)
to examine the duration of wearable technology use, (3) to assess
the accuracy of wearable technology vs self-reporting, and (4)
to explore the use of wearable technology by people with
specific medical conditions.

Methods

Protocol
A protocol was registered with the International Prospective
Register for Systematic Reviews (CRD42018096932), with the
review structure following the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines
(Multimedia Appendix 1). We narrowed down the review
question of the protocol, focusing on long-term weight
management.

Eligibility Criteria
Textbox 1 summarizes the inclusion and exclusion criteria for
the participant, intervention, comparators, outcomes, and study
types of this systematic review.

Textbox 1. Inclusion and exclusion criteria for study selection.

• Population: We included studies with obese or overweight adult participants. Overweight was defined as having a BMI ranging between 25 kg/m2
and 29.99 kg/m2 or as defined by the study. Obese was defined as having a BMI of 30 kg/m2 or more. Participants in hospital settings were
excluded as these studies were unlikely to focus on long-term effects and as they do not represent the real-world use of wearable devices.

• Intervention: Interventions included digital wearable technologies used for monitoring or managing weight. Studies that only included a mobile
phone app were excluded.

• Comparators: Comparators included traditional behavioral weight loss approaches, usual care, or another intervention. Studies that did not have
a comparator were also included if they met the other inclusion criteria.

• Outcomes: The primary outcome was change in physical activity and weight after using digital wearable technology for at least a year. Secondary
outcomes were the duration of wearable technology use, the accuracy of wearable technology vs self-reporting, and the use of wearable technology
by people with specific medical conditions.

• Study types: All types of studies were included. Owing to the rapid advances in technology, studies from only the past 10 years were used—from
2008 onward.

Information Sources and Search
We searched the following databases: Medical Literature
Analysis and Retrieval System Online, Compendex,
ScienceDirect, Cochrane Central, Scopus, and EMBASE through
Ovid. Multimedia Appendix 2 outlines the search terms. Data
published before 2008 were not included as these data are not

reflective of the rapid change in the use of mobile phones and
wearables. Keywords related to participant, intervention,
comparators, and outcome items were used to search for relevant
papers. A librarian was consulted for advice on the searches.
The search was adjusted and modified for each database.
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Study Selection
The references found were imported into EndNote X9 (Clarivate,
Pennsylvania), and duplicates were removed. Overall, 2
reviewers conducted title and abstract screening. Any differences
in the chosen studies were discussed until a consensus was
reached. The full texts of potentially eligible studies were
retrieved and analyzed for eligibility by 2 reviewers.

Data Collection Process and Items
A standardized data extraction sheet was used to extract data.
The extracted data included the title, the research question, the
data sources, how the data were analyzed, the main findings,
and the conclusions.

Quality Appraisal of Individual Studies
All included studies underwent a methodological quality
appraisal. Relevant appraisal tools were used for different study
designs. The Cochrane risk of bias tool was used for randomized
controlled trials (RCTs), Risk Of Bias In Nonrandomized
Studies-of Interventions was used for nonrandomized studies
of interventions, A MeaSurement Tool to Assess systematic

Reviews was used for systematic reviews, and 6 questions to
trigger critical thinking were used for qualitative papers [13-16].

Synthesis of Results
We have provided a narrative overview and tabular summary
of the findings. A meta-analysis of the studies could not be
conducted because of the heterogeneity in their interventions,
participants, and outcomes.

Results

Study Selection and Characteristics
We found 1116 references, and after removing duplicates and
adding six references identified through searching reference
lists of included studies, 684 titles and abstracts were screened
(Figure 1). Furthermore, 44 full texts were assessed for
inclusion, of which 28 were excluded (Multimedia Appendix
3). We included five intervention studies: four RCTs and one
nonrandomized study of an intervention as shown in Table 1.
In addition, we used insights from six systematic reviews, four
commentary papers, and a dissertation for additional insights
(Table 2).

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram showing the selection of included studies.
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Table 1. Included intervention studies.

Type of paperTitleAuthor (year)Study

Randomized con-
trolled trial

Change in physical activity during a weight management intervention for breast cancer
survivors: Association with weight outcomes

Fazzino et al (2017) [17]1

Randomized con-
trolled trial

Potential impact of wearable technology as part of a multidisciplinary treatment strategy

for weight regain following RYGBa
Chiang et al (2017) [18]2

Randomized con-
trolled trial

Effect of wearable technology combined with a lifestyle intervention on long-term weight
loss: The IDEA randomized clinical trial

Jakicic et al (2016) [19]3

Randomized con-
trolled trial

Effect of a stepped-care intervention approach on weight loss in adults: A randomized
clinical trial

Jakicic et al (2012) [20]4

Nonrandomized study
of an intervention

Long-term outcomes of a Web-based diabetes prevention program: 2-year results of a
single-arm longitudinal study

Sepah et al (2015) [21]5

aRYGB: Roux-en-Y gastric bypass.

Table 2. Secondary research and other papers.

Type of paperTitleAuthor (year)Study

Systematic reviewCritical review and meta-analysis of multicomponent behavioural e-health interventions
for weight loss

Podina and Fodor (2018)
[16]

6

Systematic reviewA systematic review and meta-analysis of mobile devices and weight loss with an inter-
vention content analysis

Lyzwinski (2014) [22]7

Systematic reviewTechnology-assisted weight management interventions: Systematic review of clinical
trials

Allen et al (2014) [23]8

Systematic reviewPersuasive system design does matter: A systematic review of adherence to Web-based
interventions

Kelders et al (2012) [24]9

Systematic reviewThe impact of interventions that integrate accelerometers on physical activity and weight
loss: A systematic review

Goode et al (2017) [25]10

Systematic reviewTechnology interventions to curb obesity: A systematic review of the current literatureCoons et al (2012) [26]11

CommentWearable technology and long-term weight lossKulick (2017) [27]12

CommentWearable technology and long-term weight loss-ReplyJakicic and Belle (2017)
[28]

13

CommentAdvancing models and theories for digital behavior change interventions [6]Hekler et al (2016)14

CommentWearable fitness device does not help maintain weight loss, study finds: Fitness device
doesn’t maintain weight loss

Dyer (2016) [29]15

DissertationEvidence-based psychotherapeutic interventions and mHealth for weight management
in overweight: A biopsychosocial framework

Assar (2018) [30]16

Risk of Bias Within Studies
There was a large variation in bias in all the included papers
(Multimedia Appendix 4). In most of the RCTs, there was a
high risk of bias because of the lack of blinding of participants,
as a blinded version of a wearable device intervention is not
possible. All the included RCTs used random sequence
generation to generate groups, although information about
allocation concealment was missing in half of them.

Synthesis of Results
Table 3 outlines the studies that contributed findings to the
fulfillment of the objectives of this review: physical activity
and weight outcomes, duration of wearable technology use,
accuracy of wearable technology over self-reporting, and use
by people with specific medical conditions.
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Table 3. Included intervention studies and findings.

Population with a spe-
cific medical condi-
tion

Accuracy com-
pared with self-
reporting

Long-term usePhysical activ-
ity and weight
outcomes

DescriptionAuthor (year)Study

Breast cancer preven-
tion

YesYesYesAn RCTa assessing the effects of mobile
health weight management on physical
activity, weight loss, and weight mainte-
nance

Fazzino et al (2017)
[17]

1

After repair of failed
Roux-en-Y gastric by-
pass

NoNoYesAn RCT on the weight loss after repaired

RYGBb surgery, with and without wear-
able devices

Chiang et al (2017)
[18]

2

NoYesYesYesAn RCT comparing outcomes of technol-
ogy-enhanced interventions with standard
behavioral interventions

Jakicic et al (2016)
[19]

3

NoNoYesNoAn RCT comparing a standard and
stepped-care intervention in weight loss

Jakicic et al (2012)
[20]

4

PrediabetesNoYesNoA diabetes prevention study measuring
the outcomes of weight and hemoglobin
A1c

Sepah et al (2015)
[21]

5

aRCT: randomized controlled trial.
bRYGB: Roux-en-Y gastric bypass.

Association Between Weight Outcomes and Change
in Physical Activity
The three studies reporting on weight loss and physical activity
outcomes concluded that using wearable devices had a benefit
on these outcomes, but not compared with the comparator
groups. Study 1 showed a significant rise in
moderate-to-vigorous physical activity over 18 months and
divided participants into high or low original weight loss and
high or low weight regain groups. At 6 months, the high weight
loss groups had significantly higher level of
moderate-to-vigorous physical activity than the low weight loss
group. However, at 12 and 18 months, the high loss and high
regain groups’ level of moderate-to-vigorous physical activity
fell, leaving the high loss and low regain group with a
significantly higher level of moderate-to-vigorous physical
activity than all other groups.

Study 2 compared 27 individuals using wearable devices with
260 individuals who were not using a wearable device. A total
of 8000 steps per day was recommended for the intervention

group, but it is not noted whether the comparator group were
given similar recommendations. A significant benefit was only
found at 2 years (P=.03).

In both the standard and wearable device groups of study 3,
there was an increase in the duration of moderate-to-vigorous
physical activity sessions ≥10 min over a 12-month period, but
there was no statistically significant difference between the two
groups. The percentage of weight lost did differ, with
significantly greater weight loss in the comparator group
compared with the wearable devices group from 12 months
onward. Study 3 did not find an association between physical
activity and weight loss within its groups.

Maintenance of Wearable Technology Use
Retention was fairly high in four studies, but study 2 did not
provide data (Table 4). Study 4 was the only study mentioning
to offer a monetary incentive for assessments (US $10-$25).
Study 4 compared a standard intervention with a stepped-care
intervention, where the intensity of support (such as telephone
intervention and additional individual sessions) increased if
certain goals were not met.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e13461 | p.464https://mhealth.jmir.org/2020/3/e13461
(page number not for citation purposes)

Fawcett et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Table 4. Retention rate across included intervention studies.

NotesRetention at 24
months, %

Retention at 18
months, %

Retention at 6
months, %

DescriptionAuthor (year)Study

80% maintained intervention
use at 18 months but without
valid accelerometer data.

N/A68N/AbAn RCTa assessing the effects of
mobile health weight manage-
ment on physical activity, weight
loss, and weight maintenance

Fazzino et al (2017)
[17]

1

N/AN/AN/AN/AAn RCT on the weight loss after

repaired RYGBc surgery, with
and without wearable devices

Chiang et al (2017)
[18]

2

N/A75N/AN/AAn RCT comparing outcomes of
technology-enhanced interven-
tions with standard behavioral
interventions

Jakicic et al (2016
[19]

3

N/AN/A72N/AAn RCT comparing a standard
and stepped-care intervention in
weight loss

Jakicic et al (2012)
[20]

4

N/A70.1N/A79.1A diabetes prevention study
measuring the outcomes of
weight and hemoglobin A1c

Sepah et al (2015)
[21]

5

aRCT: randomized controlled trial.
bN/A: not applicable.
cRYGB: Roux-en-Y gastric bypass.

Accuracy of Wearable Technology Versus
Self-Reporting
Accuracy was reported by two studies. Study 1 found that
self-reported moderate-to-vigorous physical activity was
significantly higher than that recorded by the wearable device.
The groups with poorer outcomes (low loss or high regain) had
larger discrepancies between the two methods. The self-reported
and accelerometer-derived moderate-to-vigorous physical
activities were most similar to the high loss and low regain
group. the moderate-to-vigorous physical activity data from
self-reporting and the accelerometer were, however, collected
on different weeks. However, the high loss and low regain group
still overestimated moderate-to-vigorous physical activity, and
the overestimation did not reduce over time. Study 1 suggested
“social desirability to report physical activity adherence,” with
participants inflating self-reported moderate-to-vigorous
physical activity.

Use of Wearable Technology by People With Specific
Medical Conditions
Overall, three out of the five studies focused on populations
with a specific medical condition (Table 4). This included a
history of breast cancer (study 1), repair of failed Roux-en-Y
gastric bypass (study 2), or prediabetes (study 5). Study 1
analyzed those who attended the visits but had invalid or missing
data and found no significant difference in cancer
treatment–related variables. Study 5 measured blood glucose
(hemoglobin A1c) levels and showed a significant beneficial
reduction over 24 months.

Discussion

Principal Findings
This review showed some evidence that wearable devices can
improve long-term physical activity and weight loss outcomes,
but there was not enough evidence to show a benefit over the
comparator methods. The comparator interventions differed
among studies, which adds to the difficultly in determining the
impact on outcomes. Although the term standard was used,
there was no standardization in the comparators’ intervention,
with different levels of support and procedures.

Overall physical activity levels increased from baseline, but
there was no difference between wearable and comparator
interventions. Study 1 found that those who sustained higher
physical activity levels were more likely to maintain weight
loss. Retention was fairly high in the included intervention
studies. The mechanism through which wearable devices have
an effect compared with other methods was not known as diet
and physical activity were not different. The accuracy of
wearable devices varied, which could be explained by the
different features and technology of wearables. A total of three
included studies focused on populations with a specific medical
condition. The difference in populations added a challenge to
comparing the studies as the results of a study on the weight
management of patients with one medical condition may not
apply to patients with another medical condition or the general
population.

Limitations
There were only five studies with a relatively small sample size
assessing the long-term use of wearable devices. It was not
possible to undertake a meta-analysis because of the
heterogeneity among participants, wearables, methods, and
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outcomes. The included studies were likely to suffer from bias.
Wearable device interventions cannot be blinded to the user.
Only outcome assessors could have been blinded, which most
studies did not attempt to do. The use of wearables in these
studies may not be applicable to real-world scenarios as the
companies selling these wearable devices do not offer the
support that was offered by researchers in the studies. A
limitation of this review is that we only conducted a basic search
limited to a few keywords and phrases. In addition, databases
such as Institute of Electrical and Electronics Engineers Xplore
and Cumulative Index of Nursing and Allied Health Literature
for clinical and behavioral science research were not searched.

Comparison With Prior Work
It is important to retain participants in studies to separate the
effect of the study design and intervention [31]. Study 5
compared a standard intervention with a stepped-care
intervention where the intensity of support (such as telephone
intervention and additional individual sessions) increased if
certain goals were not met. Interventions of this kind have been
shown to reduce attrition [32]. Other strategies for improving
long-term data collection are offering incentives, reducing
barriers by offering alternative data collection modes, and
reminder calls [32]. Improving adoption and retention through
methods such as monetary incentives could be counterproductive
as this is not possible in real-life settings.

Consciously or subconsciously, self-reported physical activity
levels are often overestimated [33]. Wearable devices are more
accurate at estimating physical activity levels than self-reporting,
though a truly objective method is currently not available for
everyday purposes. Accelerometers, which were used in the
wearable devices in the included studies, can lead to different
estimates, even when using the same device [34]. The accuracy
of heart rate monitors has been reported to be higher but still
insufficient [35].

Wearable devices have shown benefit in managing medical
conditions, eg, diabetes [36]. Studies with populations having

medical conditions or risk factors could suffer from higher
dropout because of the higher risk of a medical event. However,
having a specific condition or medical event could be a stronger
motivation than having a vaguer risk factor such as being
overweight or obese [37].

Recommendations for Future Work
Different aspects of weight loss maintenance and wearable
devices have been studied, but large areas are still unknown.
These include the mechanisms through which using wearable
devices can lead to weight loss and studies into the usefulness
of wearable devices for long-term weight management.

Those who managed to sustain raised physical activity levels
had a weight maintenance benefit. Not all groups managed to
sustain increased activity levels, and it would be valuable to
understand why. Individuals who sustained exercise could have
been more likely to commit to other lifestyle changes around
weight management.

Investigating the reasons for dropout could help to understand
to what extent this is caused by study design and/or flaws in
wearable devices. Discovering how wearable devices are being
used, and whether their use is improved through outside support,
would give valuable information for designing more effective
wearable devices. It could also help health care practitioners to
advice and support people who are trying to lose weight and
are interested in using wearable devices.

Conclusions
We found a small number of long-term studies showing some
evidence that wearable devices can improve long-term physical
activity and weight loss outcomes, but there was not enough
evidence to show a benefit over the comparator methods. A
major issue is the challenge to separate the effect of the
decreasing use of wearable devices over time from the effect
of wearable devices on the outcomes. Consistency in study
methods is needed in future long-term studies on the use of
wearable devices for weight loss.
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Abstract

Background: Gait impairments including shuffling gait and hesitation are common in people with Parkinson’s disease (PD),
and have been linked to increased fall risk and freezing of gait. Nowadays the gait metrics mostly focus on the spatiotemporal
characteristics of gait, but less is known of the angular characteristics of the gait, which may provide helpful information pertaining
to the functional status and effects of the treatment in PD.

Objective: This study aimed to quantify the angles of steps during walking, and explore if this novel step angle metric is
associated with the severity of PD and the effects of the treatment including the acute levodopa challenge test (ALCT) and deep
brain stimulation (DBS).

Methods: A total of 18 participants with PD completed the walking test before and after the ALCT, and 25 participants with
PD completed the test with the DBS on and off. The walking test was implemented under two conditions: walking normally at
a preferred speed (single task) and walking while performing a cognitive serial subtraction task (dual task). A total of 17 age-matched
participants without PD also completed this walking test. The angular velocity was measured using wearable sensors on each
ankle, and three gait angular metrics were obtained, that is mean step angle, initial step angle, and last step angle. The conventional
gait metrics (ie, step time and step number) were also calculated.

Results: The results showed that compared to the control, the following three step angle metrics were significantly smaller in
those with PD: mean step angle (F1,48=69.75, P<.001, partial eta-square=0.59), initial step angle (F1,48=15.56, P<.001, partial
eta-square=0.25), and last step angle (F1,48=61.99, P<.001, partial eta-square=0.56). Within the PD cohort, both the ALCT and
DBS induced greater mean step angles (ACLT: F1,38=5.77, P=.02, partial eta-square=0.13; DBS: F1,52=8.53, P=.005, partial
eta-square=0.14) and last step angles (ACLT: F1,38=10, P=.003, partial eta-square=0.21; DBS: F1,52=4.96, P=.003, partial
eta-square=0.09), but no significant changes were observed in step time and number after the treatments. Additionally, these step
angles were correlated with the Unified Parkinson's Disease Rating Scale, Part III score: mean step angle (single task: r=–0.60,
P<.001; dual task: r=–0.52, P<.001), initial step angle (single task: r=–0.35, P=.006; dual task: r=–0.35, P=.01), and last step
angle (single task: r=–0.43, P=.001; dual task: r=–0.41, P=.002).

Conclusions: This pilot study demonstrated that the gait angular characteristics, as quantified by the step angles, were sensitive
to the disease severity of PD and, more importantly, can capture the effects of treatments on the gait, while the traditional metrics
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cannot. This indicates that these metrics may serve as novel markers to help the assessment of gait in those with PD as well as
the rehabilitation of this vulnerable cohort.

(JMIR Mhealth Uhealth 2020;8(3):e16650)   doi:10.2196/16650

KEYWORDS

Parkinson’s disease; gait; angular velocity; inertial sensor; step angle; deep brain stimulation; acute levodopa challenge test

Introduction

Gait impairment, which is induced by diminished locomotor
control [1], is highly prevalent in Parkinson’s disease (PD) [2].
People with PD often suffer from multiple symptoms of gait
impairment, including freezing of gait, hesitation at the
beginning of walking, festination, and difficulty in stopping at
the end of walking [3]. These gait impairments often lead to
increased risk of falls, loss of functional independence in daily
life, and even increased risk of morbidity and mortality [4].
Studies have linked the subtle changes in PD gait to other
diseases and conditions such as dementia and history of head
trauma [5]. It is thus of great clinical significance to measure
and characterize the gait in PD, which will ultimately provide
insights into the pathophysiology of PD and help optimize the
therapeutic strategies such as deep brain stimulation (DBS).

Multiple instruments including motion capture systems [6],
pressure mats [7], wearable sensors [8,9], and smartphone apps
that use an accelerometer and gyroscope [10] have been
developed to quantify the gait metrics of patients with PD [11].
Wearable sensors have become a rapidly growing solution to
quantitatively assess the symptoms of PD, allowing more
convenient testing protocol and remote and longer-term
assessment and tracking of the functionality of people suffering
from PD [12]. The wearable sensor can provide multiple
spatiotemporal gait metrics of great clinical importance in PD
assessment [12]. For example, the step time (or stride interval)
[13,14] and step number (or step count) [13,15] can quantify
the severity of locomotor dysfunction in those with PD and
distinguish between the stages of PD. Additionally, gait speed
[16-18], stride length [16,18], and cadence [17,18] can help
identify abnormalities caused by PD and evaluate the efficacy
of treatment.

Many impairments in PD, such as festinating gait, shuffling
gait, hesitation, and start-stop difficulty have a visible
resemblance (ie, the angles in the sagittal plane, the anatomical
boundary dividing the left and right parts of the body, of the
leg will shrink while walking). Several studies [19,20] observed
significant correlation between the changes in the sagittal plane
characteristics of the lower limbs and the clinical score,
suggesting that such angular changes in the sagittal plane can
provide meaningful clinical evaluations of PD. However, less
is known about the angular characteristics of the sagittal plane
gait in people with PD.

In this study, we aimed to explore if the angular characteristics
of gait, especially in the sagittal plane, are sensitive to the
clinical and functional characteristics of PD by measuring the
step angles using wearable sensors fixed on the ankles. The
mean step angle, step angle within the initiation of walking, and

step angle within the end period of walking were measured. We
hypothesize that the step angle would be significantly different
between people with PD and those without PD (ie, control
group); would be sensitive to the treatment (ie, medication and
DBS) and cognitive demands; and would be significantly
correlated to the Unified Parkinson's Disease Rating Scale, Part
III (UPDRS-III) score.

Methods

Participants
A total of 30 participants with PD and 17 age-matched
participants without PD were recruited. All participants provided
written informed consent as approved by the institutional review
committee of the Nanjing Brain Hospital. The inclusion criteria
for the PD cohort were: having idiopathic PD as diagnosed by
experienced clinicians based on the Chinese Diagnostic Criteria
of Parkinson's Disease (2016), a surgery plan of DBS within 2
months, and able to stand and walk unassisted for more than 10
minutes. The exclusion criteria were: being younger than 40
years, having any other major neurological diseases (eg, stroke,
dementia), and having ongoing psychiatric disturbances such
as hallucinations.

Experimental Protocol
Before and after the treatments (ie, the acute levodopa challenge
test [ALCT] or DBS), each participant in the PD group
completed one 10-meter walking test for each of the following
conditions: walking normally (ie, single task) and walking while
performing a cognitive task (ie, dual task). The cognitive task
was the serial subtraction of 3 or 7 from a random three-digit
number. The UPDRS-III was also completed before and after
the treatments and was used to assess the severity of PD. The
healthy cohort completed one study visit consisting of the same
single and dual task walking trials.

All trials were completed in the same room. One study personnel
stood at the end of the walkway, and their position was fixed.
No markers were used in the room, as the marker may give a
cue to the participants in the PD group, and the pathway was
not approaching a wall or doorway, which could interfere with
participants’ gait. Each participant stood in front of a wooden
chair on one side of the pathway at the beginning of the trial
and was instructed to walk along the pathway and stop at the
same position as the study personnel. During each walking trial,
two wearable sensors were used and attached to each ankle. The
kinematic signals of walking including the angular velocity
were then recorded and used to quantify the gait metrics.

Wearable Sensor
The wearable sensors (Figure 1) used in the study were
developed by our team and embedded with inertial measurement
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units (chip MPU-9250, IvenSense Inc, San Jose, CA). The
sensors captured triaxial acceleration, angular velocity, and
magnetic field intensity signals. The size of the sensors was 52
mm by 37 mm by 13 mm, and they each weighed 26.3 g. The

average operating current of the sensors was 38.1 mA allowing
for 13 hours of continuous recording. The sampling rate was
100 Hz, and the range of measurement for the gyroscope was
±1000 °/sec with a resolution of 0.06 °/sec/least significant bit.

Figure 1. Two sensors to measure the angular velocity of each ankle separately and the software interface of the sensors.

Acute Levodopa Challenge Test and Deep Brain
Stimulation
The ALCT was performed in the morning using the established
formulation to observe the clinical improvement in the PD group
following withdrawal of all antiparkinsonian medication and
overnight fasting [21]. The ALCT was used in clinics to screen
patients who could use DBS based on their response to
medication [21], that is if patients’ UPDRS-III score reduced
by more than 30% after the ALCT, they would benefit from
DBS.

DBS is a type of neurosurgical surgery that sends electrical
impulses through implanted electrodes to specific brain nuclei
and alleviates the burden of multiple movement disorders such
as tremors in PD [22]. In this study, the DBS surgery was
conducted after a minimum 1-week break from the ALCT. The
pulse of the DBS was set up using the width of 60 μs and a
frequency of 130 Hz. On the DBS visit, which was during
participants’ perioperative period, participants completed the
walking test with the DBS off and on without taking any
medicine.

Data Processing
Figure 2 shows the pipeline of the data processing. First, we
removed isolated noise points by using a 5-point median filter,
and a band-pass filter was applied to remove fluctuations of
frequency greater than 12 Hz and lower than 0.1 Hz. Second,
the angular velocity of the axis with the largest variance was
selected (Figure 3A). We observed that the angular changes in
the sagittal plane during walking were obvious and much greater
than the changes in other planes, so we focused on the angular
characteristics of gait in this plane. Third, to divide gait cycles
accurately, a threshold was set to exclude the influence of small
displacements of the legs, and only the peaks and valleys that
were greater than the threshold (ie, the heel strikes or toe-offs)
were identified and used. The threshold was calculated as the
mean of this signal plus or minus √2 / 2 SD (Figure 3B). The
next step is the transformation from angular velocity to the
degree of angle. The degree of angle was converted by the
integral of the processed velocity signal. Finally, the step angle
of each step was calculated as the difference of angle, A(i),
between a peak of the wave, that is the angle of the maximum
threshold=Tmax(i), and the adjacent valley, that is the angle of
the minimum threshold=Tmin(i), in the angle degree series (Figure
3C).

Figure 2. The procedure of data processing.
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Figure 3. One signal in different steps of data processing: (A) 3-axis angular velocity signals; (B) the selected signal Y and thresholds; (C) the calculation
of step angle.

Gait Metrics
Five gait metrics were calculated from the angular velocity
signal, including 2 conventional gait metrics (step time and step
number) and 3 new metrics (mean step angle, initial step angle,

and last step angle). The definition of step angle is the angular
change of the ankle in the sagittal plane within 1 gait cycle. The
definitions of all 5 gait metrics are provided in Textbox 1. All
the metrics here were obtained by averaging the left and right
legs.

Textbox 1. Gait metrics and their definitions.

Conventional metrics

• Step time: the mean time to complete steps in 1 walking trial

• Step number: the total number of steps in 1 walking trial

New metrics

• Mean step angle: the arithmetic average of step angles in 1 walking trial

• Initial step angle: the angle of the first step in 1 walking trial

• Last step angle: the angle of the last step in 1 walking trail

Data Analysis
The statistical analysis was performed using SPSS 20 (IBM
Corp, Armonk, NY). To examine the effects of group and task
on step angle, 2-factor multivariate analyses of variance
(MANOVAs) were used. The outcomes measured before the
ALCT were used as the baseline outcomes of the PD group, as
there was no influence for the implanted DBS electrodes. The
dependent variables were mean step angle, initial step angle,
and last step angle measured before the treatment (ie, baseline)
in each model, and the model effects included the groups (ie,
PD vs healthy), tasks (ie, single vs dual task), and their
interactions. Similar models were also used to examine the
effects of group and task on the two traditional metrics (ie, step
time and number). To explore the effects of the ALCT on the
UPDRS-III score and gait metrics, a 2-way MANOVA was
used. The dependent variables were the 5 gait metrics and the
UPDRS-III score. The model effects were time (before and
after), task condition (single and dual task), and their interaction.
The effects of DBS were then examined using the same models.
If the interaction effect was significant, the analysis of simple
effect was applied to further analyze the differences of the 5
gait metrics (dependent variables) between two levels of one
independent variable while fixing another factor. The Bonferroni
correction was used for multiple comparisons, where the
significance level was set at P<.01. Partial eta-square was

calculated for the effect size of the MANOVA. For partial
eta-squares, 0.01, 0.06, and 0.14 were considered as small,
medium, and large effect sizes, respectively [23].

Then a partial correlation analysis adjusted for age, gender, and
status of treatment was used to explore the association between
the UPDRS-III score and gait metrics at baseline. In addition,
the independent-samples t test (two-tailed) and the
Mann-Whitney U test were used to examine the differences in
age and gender, respectively, between the two groups. A
Bonferroni correction was used for the multiple comparisons,
and the significance was set as P<.01.

The significance level was set at P<.05, not including those
corrected by the Bonferroni correction.

Results

Demographics and Clinical Characteristics
A total of 18 participants in the PD group completed the tests
at baseline (ie, before the ALCT), after the ALCT, and after the
DBS surgery. In addition, 25 participants in the PD group
completed the tests when the DBS was on and off. All
participants completed the study. Table 1 shows their
demographic and clinical information. No significant differences

in age (F2,57=0.18, P=.84) or gender (χ2
2=1.66, P=.44) between
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the PD cohort and non-PD control group were observed. There
were no significant differences of disease duration (t36=0.16,

P=.88), the Hoehn-Yahr stage (t32=0.04, P=.97), and UPDRS-III
score (t22=–0.24, P=.81) between the ALCT and DBS groups.

Table 1. Demographics and clinical characteristics of participants.

PD with DBSc treatment (N=25)PD with ALCTb treatment (N=18)Non-PDa (N=17)Characteristics

16 (64%)12 (67%)8 (47%)Gender, female, n (%)

63.4 (6.9)63.6 (5.9)62.4 (7.1)Age (years), mean (SD)

9.92 (3.08)10.07 (2.65)n/adDisease duration (years), mean (SD)

3.28 (0.83)3.29 (0.87)n/aH-Ye stage, mean (SD)

40.31 (11.65)39.09 (13.33)n/aUPDRS-IIIf score, mean (SD)

aPD: Parkinson’s disease.
bALCT: Acute Levodopa Challenge Test.
cDBS: Deep Brain Stimulation.
dNot applicable.
eH-Y: Hoehn-Yahr.
fUPDRS-III: Unified Parkinson's Disease Rating Scale, Part III.

Comparison of Gait Metrics Between People With
Parkinson’s Disease and Controls
A significant main effect of group was observed, but no
significant difference was observed for the effect of task and
their interaction (Table 2). The mean step angle (F1,48=69.75,
P<.001, partial eta-square=0.59), initial step angle (F1,48=15.56,

P<.001, partial eta-square=0.25), and last step angle
(F1,48=61.99, P<.001, partial eta-square=0.56) in participants
with PD were all significantly smaller than healthy people.
Similar results were shown in those conventional metrics that
the PD cohort had significantly larger step times (F1,48=7.52,
P=.009, partial eta-square=0.14) and more step numbers
(F1,48=12.05, P=.001, partial eta-square=0.20) than the control.

Table 2. Gait metrics measured at baseline in participants with Parkinson’s disease and healthy participants.

Parkinson’s disease, mean (SD)non-Parkinson’s disease, mean (SD)Metrics

DualSingleDualSingle

1.2 (0.41)1.04 (0.37)0.97 (0.09)0.89 (0.05)Step time (sec/step)

89.94 (65.44)50.95 (59.48)34.34 (9.86)30.62 (9.05)Step number

26.87 (21.06)30.71 (20.36)61.85 (9.01)63.33 (7.32)Mean step angle (o)

20.79 (16.99)33.71 (5.58)32.88 (6.35)34.50 (4.80)Initial step angle (o)

27.12 (16.56)28.54 (15.63)60.82 (14.21)64.33 (15.20)Last step angle (o)

Effects of Acute Levodopa Challenge Test and Deep
Brain Simulation on the Gait Metrics
We observed that the UPDRS-III score significantly decreased
after the treatments (ie, the ALCT and DBS) compared to the
score before the treatments (ACLT:t11=–7.81, P<.001;
DBS:t15=–15.22, P<.001).

Acute Levodopa Challenge Test
A significant main effect of time (before the ALCT vs after the
ALCT) was observed, but no significant main effect of task and

their interaction were observed (Table 3). Specifically, the mean
step angle (F1,38=5.77, P=.02, partial eta-square=0.13) and last
step angle (F1,38=10, P=.003, partial eta-square=0.21) after the
ALCT were greater than that at baseline, while the initial step
angle (F1,38=2.55, P=.12, partial eta-square=0.06) was not
significantly changed. No significant changes were observed
in the conventional metrics step number (F1,38=4.33, P=.05,
partial eta-square=0.10) and step time (F1,38=2.01, P=.17, partial
eta-square=0.05) after the ALCT.
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Table 3. Gait metrics before and after acute levodopa challenge test.

After ALCT, mean (SD)Before ALCTa, mean (SD)Metrics

Dual taskSingle taskDual taskSingle task

1.01 (0.24)0.96 (0.21)1.20 (0.41)1.04 (0.37)Step time (sec/step)

46.77 (34.26)32.21 (28.8)89.94 (65.44)50.95 (59.48)Step number

40.63 (18.82)46.48 (18.87)26.87 (21.06)30.71 (20.36)Mean step angle (o)

26.03 (16.92)32.99 (17.18)21.26 (16.93)20.79 (16.99)Initial step angle (o)

43.06 (13.66)43.91 (17.37)27.12 (16.56)28.54 (15.63)Last step angle (o)

aALCT: acute levodopa challenge test.

Deep Brain Stimulation
A significant main effect of time (DBS off vs DBS on) was
observed, but not in the main effect of task and their interaction
(Table 4). Specifically, mean step angle (F1,52=8.53, P=.005,
partial eta-square=0.14) and last step angle (F1,52=4.96, P=.003,
partial eta-square=0.09) with DBS on were both significantly

greater than those with DBS off, but no significant changes in
initial step angle (F1,52=2.94, P=.09, partial eta-square=0.05)
were observed. In conventional metrics, step time (F1,52=5.59,
P=.02, partial eta-square=0.1) had a marginally significant
decrease when DBS was on, and no significant improvement
was observed in step number (F1,52=1.33, P=.25, partial
eta-square=0.03).

Table 4. Gait metrics under deep brain stimulation off and deep brain stimulation on conditions.

Deep brain stimulation on, mean (SD)Deep brain stimulation off, mean (SD)Metrics

Dual taskSingle taskDual taskSingle task

0.98 (0.28)0.91 (0.23)1.21 (0.48)1.24 (0.65)Step time (sec/step)

50.89 (23.35)36.37 (23.01)66.69 (41.31)50.64 (82.6)Step number

43.83 (16.25)45.88 (16.61)28.72 (17.52)34.36 (17.77)Mean step angle (o)

25.02 (13.61)26.34 (12.93)18.32 (9.55)21.73 (12.59)Initial step angle (o)

42.53 (19.45)40.55 (21.44)25.47 (17.43)33.59 (21.71)Last step angle (o)

Relationships Between Gait Metrics and Unified
Parkinson's Disease Rating Scale, Part III
Table 5 presented the association between the gait metrics and
the UPDRS-III score. Age, gender, and condition were
controlled in this analysis, and the degree of freedom in single
and dual walking tasks were 58 and 51, respectively. The mean,

initial, and last step angles in both single and dual walking tasks
were all significantly correlated with the UPDRS-III score
(r>–0.35, P<.01). A weaker correlation was observed between
the step time and number and the UPDRS-III scores. The scatter
plots of the UPDRS-III score and gait metrics are shown in
Multimedia Appendix 1.

Table 5. Partial correlation analysis between the Unified Parkinson's Disease Rating Scale, Part III score and gait metrics.

P valueDual task, rP valueSingle task, rMetrics

.0020.42.010.32Step time (sec/step)

.010.35.170.18Step number

<.001–0.52<.001–0.60Mean step angle (o)

.01–0.35.006–0.35Initial step angle (o)

.002–0.41.001–0.43Last step angle (o)

Discussion

This study demonstrated that the angular characteristics of gait,
as quantified using the step angles measured in the sagittal plane
of the lower limbs, are sensitive to PD and the treatments (ie,
the ALCT and DBS) and consistent in different cognitive

conditions. Specifically, we observed that the mean, initial, and
last step angle were significantly smaller in the PD cohort
compared to the healthy cohort and similar between single and
dual task conditions. In addition, the mean step angle and last
step angle were significantly increased after treatments and were
associated with the UPDRS-III score. These results suggest that
these novel angular metrics are sensitive to the severity of PD
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and captures the effects of treatments on gait in people with PD,
as greater step angles reflected better locomotor control of
walking.

We observed that the new angular metrics were smaller in those
with PD across the conditions (single and dual task) compared
to the healthy cohort and significantly correlated with the
UPDRS-III total score. Participants with greater UPDRS-III
scores had smaller step angles. The commonly used gait metrics
focused more on the temporal (eg, stride time) or spatial (eg,
stride length) characteristics of gait, but the musculoskeletal
rotation of the extremities is also important for the completion
of 1 gait cycle. The step angle captures the angular change (ie,
rotation) in the sagittal plane of lower limbs during walking.
The diminished locomotor control in PD may induce more
variance in the rotation and thus impair gait patterns (eg,
incomplete gait cycles). These step angles measuring the subtle
changes in the musculoskeletal rotation may thus help quantify
the gait impairments in PD. The initial and last step angles, for
example, can particularly help assess the start hesitation and
stop difficulty in PD. It should also be noted that compared to
those traditional metrics (step time, step number), which have
been proved effective in reflecting gait impairments in patients
with PD [13], the effect size of the angular metrics is much
larger, indicating that these new metrics are more sensitive to
the effects of PD on gait. Future longitudinal studies are needed
to explore how these angular characteristics of gait change along
with the progress of PD.

These step angles were sensitive to both the ALCT and DBS
within the PD cohort. This is consistent with the results of
previous studies using other gait metrics [24]. Specifically, the
mean and last step angles were increased when DBS was
working, and the mean and last step angles were improved after
the ALCT. However, no significant improvement was observed
in those traditional metrics. These results support that the
subthalamic nucleus (STN)-DBS treatment improves gait
performance in PD [25-27]; however, some studies [28,29]
reported the effects of STN-DBS on gait are less successful and
may even lead to an aggravation of freezing of gait and
imbalance. The results here suggested that step angle metrics
may capture the subtle changes of gait and the acute effects of
the treatment on gait. The effect size of the ALCT was larger
than that of DBS, which is in support of previous studies
showing a lower benefit on gait velocity and stride length by
DBS [30] and a higher benefit on cadence by levodopa [31].
However, this still suggests that the STN-DBS has less
effectiveness on gait compared to the levodopa treatment.

Previous studies have shown that the performance of
simultaneous cognitive tasks compromised gait in people with
and without PD [32,33] with a decrease in stride time and an

increase in stride frequency [34]. However, this study showed
that compared to single-task walking, no statistically significant
change in step time, step number, and step angles were observed
in dual task walking. One potential reason may be the relatively
small sample size in this piloting study. However, a greater
change in step angle from single to dual task walking in those
with PD (average change of 5°) compared to the control cohort
(smaller difference of only 2°) was observed, indicating that
PD diminished the capacity of walking control in the dual task
condition.

The results of this study further provided evidence that wearable
inertial sensors can help advance the traditional measurements
of gait and other neurophysiological and biomechanical signals
(eg, the center of pressure of a human body) into a quicker,
convenient protocol [35]. Traditional laboratory or clinical tests
assessing the gait are dependent upon expensive and nonportable
equipment and well-trained study personnel, which presents a
challenge for people living in rural areas or areas distant from
hospitals. This type of wearable sensor provides a novel
approach to these populations for assessing their gait and other
health information. It should be noted that the intersubject
variance of gait metrics was much greater (ie, larger SD) in the
PD cohort compared to the healthy cohort in this study,
indicating that subtle characteristics of gait vary across the PD
population. Previous studies also showed that within one person,
the day-to-day variance in gait and physical activity was high,
and such variance was associated with their health status, such
as cognitive impairments [36]. Taken together, the measurement
of gait and other health information using wearable sensors
facilitates the high-frequency monitoring in those vulnerable
populations, which will ultimately help in clinical diagnosis
and disease prevention.

The small sample size and lack of cognition examination are
two limitations of this study. The difference in cognitive
function, which may influence the gait, between the two groups
was not included in the analyses. Future studies with a larger
sample size and assessment of cognitive function, using the
Montreal Cognitive Assessment or the Mini Mental State
Examination, are needed to examine and confirm the findings
in this pilot study. The flexibility of the knee also contributes
to the control of musculoskeletal rotation of gait, and thus the
angular change of the knee may also provide important
information about locomotor control. Future work using an
electronic goniometer is needed to measure the angular
characteristics of the knee during walking. Nevertheless, this
study proposed novel metrics to quantify the angular
characteristics of gait and demonstrated that the step angle
metrics are sensitive to the effects of PD on gait, disease
severity, and the effects of treatments on gait, which may serve
as novel markers that help the management of PD.
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Abstract

Background: Hand hygiene is a crucial and cost-effective method to prevent health care–associated infections, and in 2009,
the World Health Organization (WHO) issued guidelines to encourage and standardize hand hygiene procedures. However, a
common challenge in health care settings is low adherence, leading to low handwashing quality. Recent advances in machine
learning and wearable sensing have made it possible to accurately measure handwashing quality for the purposes of training,
feedback, or accreditation.

Objective: We measured the accuracy of a sensor armband (Myo armband) in detecting the steps and duration of the WHO
procedures for handwashing and handrubbing.

Methods: We recruited 20 participants (10 females; mean age 26.5 years, SD 3.3). In a semistructured environment, we collected
armband data (acceleration, gyroscope, orientation, and surface electromyography data) and video data from each participant
during 15 handrub and 15 handwash sessions. We evaluated the detection accuracy for different armband placements, sensor
configurations, user-dependent vs user-independent models, and the use of bootstrapping.

Results: Using a single armband, the accuracy was 96% (SD 0.01) for the user-dependent model and 82% (SD 0.08) for the
user-independent model. This increased when using two armbands to 97% (SD 0.01) and 91% (SD 0.04), respectively. Performance
increased when the armband was placed on the forearm (user dependent: 97%, SD 0.01; and user independent: 91%, SD 0.04)
and decreased when placed on the arm (user dependent: 96%, SD 0.01; and user independent: 80%, SD 0.06). In terms of
bootstrapping, user-dependent models can achieve more than 80% accuracy after six training sessions and 90% with 16 sessions.
Finally, we found that the combination of accelerometer and gyroscope minimizes power consumption and cost while maximizing
performance.

Conclusions: A sensor armband can be used to measure hand hygiene quality relatively accurately, in terms of both handwashing
and handrubbing. The performance is acceptable using a single armband worn in the upper arm but can substantially improve by
placing the armband on the forearm or by using two armbands.

(JMIR Mhealth Uhealth 2020;8(3):e17001)   doi:10.2196/17001

KEYWORDS

hand hygiene; wearable devices; machine learning

Introduction

Background
Health care workers’ (HCWs’) hands play a pivotal role in
spreading microorganisms in health care environments and pose

a direct clinical threat to patients [1-3]. Health care–associated
infections (HAIs), also known as nosocomial infections, are the
most common causes of morbidity and mortality in hospitals
around the world [4]. The average prevalence of HAIs varies
from 4.0% to 15.5% in different countries and regions [5-8].
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De Angelis et al [9] estimated that patients with HAIs spent
approximately 2.5 times more time in hospital and incurred
costs that were 2.8 times higher than those for patients free from
infection. Moreover, HAIs put a considerable financial burden
on the health system: in France alone, nearly 3% of surgical
procedures performed in 2010 resulted in infections creating
annual costs of €58 million (US $64.5 million) [10], whereas
in the United States, the estimated annual costs range from US
$28 billion to US $45 billion [11]. Hand hygiene is a simple
and cost-effective intervention to prevent HAIs and reduce their
transmission [1,12].

In 2009, the World Health Organization (WHO) issued
guidelines on Hand Hygiene in Health Care to provide a
thorough review of evidence on hand hygiene and
recommendations to promote hand hygiene in health care
environments [3,13]. The guidelines summarize the key
moments for hand hygiene for HCWs as My 5 Moments For
Hand Hygiene, which have since been the focus of much work
on automated technologies [14]. Previous work has reported
that the compliance rate of hand hygiene is unacceptably poor
[15], with a meta-analysis of 96 empirical studies showing a
median compliance rate of 40% among HCWs [16]. A variety
of technologies have been developed to increase compliance
with the 5 moments for hand hygiene, such as monitoring staff
movement [17], using radio-frequency identification or
Bluetooth beacons [14,18,19], and a range of commercial
products, such as BioVigil (BioVigil Healthcare Systems, Inc)
and SwipeSense (SwipeSense, Inc).

However, the WHO guidelines also introduced procedures for
alcohol-based handrub and handwash with soap and water
(shown in Figure 1 [3,20]). These guidelines aim to improve
hand hygiene by decreasing colonization with transient flora
[12,13]. Especially, alcohol-based handrub is preferred for
routine decontamination of hands for all clinical indications,
whereas handwash with soap and water is recommended for
visibly soiled hands [3]. Different from the compliance rate of
hand hygiene, which focuses on whether HCWs perform hand
hygiene on time, the compliance with the WHO hand hygiene
routines ensures that HCWs achieve adequate coverage of all
surfaces of their hands with hand hygiene products [3].

Owing to the technical challenge of monitoring compliance
with this set of guidelines, previous work measured compliance
with this set of guidelines based on direct observation by trained
auditors [21-23]. Yet, compliance with this set of WHO
guidelines has been reported to be approximately 8.5% [23].
Crucially, in a large-scale assessment of hand hygiene quality
conducted in Singapore, only 72% of HCWs could achieve
adequate coverage of all hand surfaces immediately after hand
hygiene training [24]. These findings suggest that it is important
to develop reliable instruments for monitoring the quality of
hand hygiene in health care settings by measuring adherence to
the WHO handrub and handwash procedures.

Although a wide range of technologies have been developed to
measure hand hygiene compliance rate, this is not the case for
hand hygiene quality. Most work on quality monitoring has so
far relied on cameras. Llorca et al [25] mounted a red green
blue camera above a sink to collect hand hygiene practices
among HCWs. After performing analysis on color and motion,
their system used support vector machine (SVM) to classify six
steps of a standard hand hygiene procedure. Similarly, Xia et
al [26] collected hand hygiene videos through a red green blue
and depth camera. By applying SVM, random forest, and linear
discriminant analysis to the collected videos, their system could
determine 12 steps of a hand hygiene procedure at the level of
a single frame or a single video. A commercially available
system is SureWash (Glanta Ltd), which can detect HCWs’
hand motion and provide reminders for the upcoming steps,
according to the standard WHO hand hygiene procedure. There
has also been some work on hand hygiene–monitoring systems
that provide assistance for people with dementia [27]. However,
a major concern for camera-based systems to monitor hand
hygiene quality is privacy, as those systems inevitably require
the installation of cameras in toilets and patient care areas.
Furthermore, cameras can only be used in certain environments,
and camera-based monitoring systems may not provide
actionable data on all hand hygiene events [28]. An additional
challenge is that installed cameras cannot be easily moved
should the need arise. Especially, cameras are not suitable for
monitoring handrub because it tends to happen on the move,
although a camera has a fixed field of view. Another concern
is that the costs associated with the installation and maintenance
of camera systems can be substantial [14].

An alternative to using camera-based systems is to use wearable
sensors [29-32]. A common practice in literature is through the
use of wristbands [30-32]. Yet, because of hygiene concerns,
the WHO recommends removing rings, wristwatches, and
bracelets before beginning surgical hand preparation [3,13].
Therefore, it is challenging to use wristbands to monitor hand
hygiene procedure compliance, as it can possibly defeat the
purpose of hand hygiene. Another limitation with previous
studies is the use of Hidden Markov Model (HMM) to classify
the steps of the hand hygiene procedure from feature vectors
[30] or smooth classification results [29], which assumes HCWs
will perform hand hygiene procedures according to the
predefined orders. However, once that assumption is relaxed,
the performance of these systems dramatically drops, for
example, from 85% to 69% [30]. Similarly, previous studies
make assumptions about the duration of hand hygiene steps
and, for example, collect each step of the hand hygiene
procedure individually with, say, a 5-second window [29].
Nonetheless, hand hygiene steps can actually vary rather
substantially in duration, from 20 to 30 seconds for handwash
to 40 to 60 seconds for handrub [3].
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Figure 1. Standard World Health Organization procedures of alcohol-based handrub and handwash with soap and water. Source: World Health
Organization. How to Handrub? / How to Handwash? [20]

Objectives
In this paper, we evaluated the accuracy of a sensor armband
in measuring compliance with the WHO handrub and handwash
guidelines. We used the Myo armband (North Inc) worn on
participants’ forearm or arm and evaluated a machine learning
classifier that uses eXtreme Gradient Boosting (XGBoost) and
E.Divisive [33] to identify each step of the standard WHO
handwash or handrub procedures. The analysis evaluated eight
different armband placements, six sensor configurations,
user-dependent vs user-independent models, and bootstrapping
performance.

The contributions of this paper are as follows: (1) unified
model—although most previous work focuses on either handrub

or handwash [30,34], our work combines these two common
activities to create a unified hand hygiene model. Our model
can detect each step of the respective WHO procedures. (2)
Flexible detection—previous work assumes that HCWs perform
hand hygiene according to the expected step order and duration
[29,30]. Our model can detect each step individually, regardless
of its order, timing, or duration, and can thus provide granular
and detailed feedback. (3) Placement recommendations—by
analyzing the rich data collected in our study, we can quantify
the trade-off between classification accuracy and sensor
placement and provide placement recommendations. (4) Sensor
recommendations—as the Myo armband consists of a nine-axis
inertial measurement unit (IMU) and eight electromyographic
electrodes, we were able to collect acceleration, gyroscope,
orientation, and surface electromyography (sEMG) data
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simultaneously [35]. By evaluating different sensor data
combinations, we were able to quantify the trade-off between
accuracy and sensor types and recommend sensors for future
hand hygiene–monitoring systems.

Methods

Task and Hardware Specification
We adopted the procedures for alcohol-based handrub and
handwash with soap and water (Figure 1 [20]) recommended
by the WHO guidelines on Hand Hygiene in Health Care [3].
The procedure contains seven steps for handrub and 11 steps

for handwash (shown in Figure 1 [20]). Some of the steps are
repeated for each hand. The guidelines claim that the total
duration of the handrub routine is 20 to 30 seconds on average,
whereas handwash lasts for 40 to 60 seconds.

We summarized all the steps for both procedures in Table 1.
For handwash, we decided to exclude step 0 (wet hands with
water) and step 1 (apply hand hygiene product), as the position
of faucets and hand hygiene dispensers can vary across different
lavatories. Furthermore, as previous work has noted [34], hand
dominance is not crucial to hand hygiene detection because arm
movements are symmetric. For this reason, our analysis does
not consider the hand dominance effect.

Table 1. Steps of the World Health Organization hand hygiene procedures.

Steps of the World Health Organization hand hygiene proceduresStep #

Handwash with soap and waterAlcohol-based handrub

N/AN/Aa0

N/AApply hand hygiene products1

Rub palmRub palm2

Rub dorsum (R)Rub dorsum (R)3 (Rb)

Rub dorsum (L)Rub dorsum (L)3 (Lc)

Interlock fingersInterlock fingers4

Twist knuckles (R)Twist knuckles (R)5 (R)

Twist knuckles (L)Twist knuckles (L)5 (L)

Rub thumb (R)Rub thumb (R)6 (R)

Rub thumb (L)Rub thumb (L)6 (L)

Scrub fingertip (R)Scrub fingertip (R)7 (R)

Scrub fingertip (L)Scrub fingertip (L)7 (L)

Rinse handsN/A8

Dry hands with towelN/A9

Turn off faucet with towelN/A10

aNot available.
bR: right.
cL: left.

The hardware for this study was the Myo armband, which
contains a nine-axis IMU sensor and eight electromyographic
electrodes. Through the nine-axis IMU sensor, the armband
captures acceleration, gyroscope, and orientation data at a
sample rate of 50 Hz. Using the eight surface electromyographic
electrodes, it can also collect sEMG signals to measure users’
muscular activity at a frequency of 200 Hz. Physiological data
were transmitted to a receiver (in our case, a laptop) via the
Bluetooth Low Energy protocol. Data from multiple armbands
were simultaneously collected using the Myo SDK [35] and
modified myo-python library [36] and synchronized using the
algorithm proposed by Wang et al [37].

Experiment Design
Our experimental design had four independent variables:
hygiene mode (handwash vs handrub), instruction mode (video
vs poster), armband placement (above elbow vs below elbow),

and hand (left vs right hand). We measured the time taken to
complete each step of each hygiene procedure and the errors
made by participants when washing their hands. We also
measured the accuracy of the classifier in detecting each step
of the procedure. The experiment followed a within-subjects
design, and all participants completed all conditions in a
counterbalanced manner. The University of Melbourne’s
Engineering Human Ethics Advisory Group approved the study.

We recruited 20 participants through our university’s mailing
lists and snowball recruitment with an equal number of women
and men. All participants were students or staff in our university,
and their ages ranged between 22 and 33 years (mean 26.5 years,
SD 3.31). The majority of participants (18/20, 90%) had not
received formal training in hand hygiene in the last 3 years and
were not familiar with the formal hand hygiene procedures. A
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total of 95% (19/20) of participants reported using their right
hand as their dominant hand and no ambidextrous participants.

On arrival at our laboratory, we briefed participants on the
purpose of the study and obtained their written consent agreeing

to participate in our experiment. Then, we asked our participants
to wear four Myo armbands on their forearms and arms, as
shown in Figure 2. Thus, each participant had an armband in
their upper and lower left arm and upper and lower right arm.

Figure 2. Handwash with soap and water (left) and alcohol-based handrub (right).

We subsequently provided training to our participants. We
instructed them on how to perform the handwash and handrub
procedures. To achieve this, we first explained to them the
procedure steps using an instructional poster (Multimedia
Appendices 1 and 2) [3]. We then asked participants to watch
an instructional video five times while they perform the
procedure. We ran this process twice: once for handrub [38]
and once for handwash with soap and water [39] in a
counterbalanced manner.

After training, we initiated the main experimental task, during
which we collected data from the four armbands that participants
wore, and we also videotaped participants’ hands as a way of

capturing the ground truth (Figure 3). Each participant
performed 30 sessions: five handwash sessions where they could
follow the instructional video, 10 handwash sessions
accompanied with the instructional poster, five handrub sessions
with the instructional video, and 10 handrub sessions with the
instructional poster. We counter balanced the order of the
conditions to avoid order effects. Handrub was performed in
our laboratory, and handwash was performed at an adjoining
lavatory (Figure 2). The overall duration for each participant
was approximately 70 min. Each participant was rewarded with
an AUD $20 (US $13.4) gift card regardless of their
performance.

Figure 3. Screenshots of the video records of handwash with soap and water (left) and alcohol-based handrub (right). The frame number (top left) is
used to synchronize video data to the armband data.

Data Analysis
Our first step was to annotate the video recordings manually:
we visually inspected all recordings (493 min in total) and
annotated each video frame as belonging to one of the 14
handwash steps. All the video recordings were inspected by
two data annotators (annotator 1: 16 participants and annotator

2: 4 participants), and annotator 1 checked the annotations made
by annotator 2. The interrater reliability was 1.0 for those
samples with two annotators. In total, we made 7180 manual
annotations, which represented our ground truth. Using these
annotations, along with the frame numbers of the video
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recordings, we then annotated the armband data with the relevant
hand hygiene step label.

Next, we were able to measure the accuracy of the algorithm
for classifying the steps of the hand hygiene procedures, which
operates as follows: (1) preprocessing, (2) feature extraction,
(3) classification, (4) postprocessing, and (5) evaluation.

Preprocessing
Owing to the different frequencies of IMU (50 Hz) and sEMG
(200 Hz) data, we downsampled both types of sensor data to
25 Hz. We then normalized the downsampled data by applying
z-score normalization and applied a sliding window procedure
with a 0.2-second time window with 75% overlap. We also
measured the classification accuracy for different sliding
window parameters, ranging from 0.1 seconds to 0.4 seconds
and from 50% overlapping to 75% overlapping, and found the

sliding window with a 0.2-second time window and 75% overlap
gave the best classification accuracy.

Feature Extraction
Features extracted from the time domain and the frequency
domain are widely used in activity recognition tasks. By
summarizing previous work [40-43], we calculated all the
selected features for the collected IMU and sEMG data. Table
2 shows the extracted features, and Multimedia Appendix 3
provides the details of features. The dimensionality of the feature
vector can vary on different configurations (eg, the number of
armbands and sensors). Then, to minimize the required
computational power and computation time for the activity
recognition task, we used boosting algorithms to select
discriminative features [44]. In particular, we used XGBoost
[45] to choose the most discriminative subset (top 100) of
features according to occurrences of the features in splits; hence,
the final feature vector had a dimensionality of 100.

Table 2. Features are extracted from acceleration, gyroscope, orientation, and surface electromyography data.

Study authorsFeatures

McIntosh et al [40]CSD, peak (positive), peak (negative), RMS

Munguia Tapia et al
[41]

ACAbsArea, ACAbsCV, ACAbsMean, ACEntropy, ACIQR, ACKur, ACQ1, ACQ3, ACRange, ACSkew, ACVar, DCArea,
DCMean, DCPostureDist, DCTotalMean

Xie et al [42]|AL|, |ΔAL|, |ΔAR|, |ΔAR|, |ΔMAV|, AJ, AL, AR, RAJ, RMAV, SAJ, SDAL, SDAR, SRAJ

Zhang et al [43]meanPKT, meanPSD, medainS, medianPKT, medianPSD, stdPKT, stdPSD, stdS

Classification
We fed the generated feature vectors and the ground truth labels
to XGBoost to classify the steps of the WHO hand hygiene
procedures shown in Table 1 because XGBoost is also widely
used in human activity recognition tasks [46,47]. Other
techniques were considered and tested during the pilot study,
including random forest and SVM, but they performed worse
than XGBoost as same as previous studies [46,47]. XGBoost
has been shown to have several other advantages, including
high efficiency, low computational cost, supporting
parallelization, and robustness to overfitting [47]. For these
reasons, we focused on applying XGBoost to recognize the
steps of hand hygiene procedures.

Postprocessing
A final step of the data analysis pipeline in our study was
smoothing the stream of predictions to remove classification
errors because switching from one gesture to another gesture
several times per second was not realistic. Instead of HMM
used in previous studies, we smoothed the prediction stream
through a combination of E.Divisive [33] and majority vote.
E.Divisive is a nonparametric multiple change point analysis
approach based on hierarchical clustering, which can detect
distributional changes from a sequence of data [33]. By fitting
the prediction stream into E.Divisive using the ecp library [48],
we could estimate the location of the change points and use the
change points to segment the prediction stream. Finally, the
class of each segment was determined by a majority vote over
the predictions in the segment.

Evaluation
We measured the accuracy of both a user-independent model
(one model to classify data for all participants) and
user-dependent models (one model tuned to each participant).
To measure the accuracy of models, we used
leave-one-session-out (LOSO) cross-validation for the
user-dependent model and leave-one-participant-out (LOPO)
cross-validation for the user-independent models, as suggested
in the literature [30].

In LOSO cross-validation, we considered 29 hand hygiene
sessions from one participant for training and tested the model
on the holdout session. We performed this protocol 30 times
per participant (thus, each session became the holdout session
once) and calculated the average accuracy per participant. We
then repeated this procedure for each participant independently.

To evaluate the user-independent model, we used 19
participants’ hand hygiene data to train the model and tested
the model on the remaining participant. We repeated the
cross-validation for every participant in our database and then
averaged the results across the 20 runs.

Results

Throughout our results, we make an explicit distinction between
the user-independent and the user-dependent models. This is
because of the practical implications of choosing one approach
over the other. A user-independent model works for all users
and can be used by an HCW without prior training. A
user-dependent model needs to be trained and tuned to each
HCW individually. The benefit of the former is that it does not
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require further training (also known as bootstrapping), whereas
the latter attains improved performance.

Participant Performance
We first considered the participants’ performance in terms of
hand hygiene quality, and, specifically, we were interested in
measuring any variations to their performance. As we gave
identical and considerable training to each participant, we expect
that their hand hygiene quality is high and consistent. By
analyzing our annotations of the recorded videos, we can achieve
the following:

• Measure the exact duration of hand hygiene sessions and
steps in those sessions and how they vary across conditions;

• Identify the order in which participants actually performed
hand hygiene and whether they missed or skipped steps or
performed steps incorrectly; and

• Investigate the presence of possible learning or fatigue
effects in the study.

Time to Complete Hand Hygiene
By summarizing the duration of hand hygiene sessions in the
top of Figure 4, we observe that duration varies considerably
across different conditions as follows: handwash with the
instructional video (mean 53.4 seconds, SD 1.1) or poster (mean
47.9 seconds, SD 8.3) and handrub with the video (mean 37.1
seconds, SD 1.4) or poster (mean 32.6 seconds, SD 5.3). We
observed this effect for overall timings and the duration of each
specific step. A one-way analysis of variance (ANOVA) showed
a statistically significant effect of the different conditions on
the duration of hand hygiene sessions (F3,596=402.83; P<.001).
The post hoc Tukey’s honestly significant difference test
indicated that the duration of the video sessions is longer than
that of the poster sessions, and the duration of the handwash
sessions is longer than that of the handrub sessions.

Furthermore, we observed that participants’ time hygiene varied
considerably more (higher standard deviation) in the poster
conditions as opposed to the corresponding video conditions.
This is not surprising, as the video imposes a certain pace on
participants, whereas in the poster condition, participants are
free to set their own pace.
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Figure 4. Duration of hand hygiene sessions and inner steps. x-axis: duration (seconds); y-axis: density. L: left; R: right.

Step Sequence Accuracy
By observing the recorded hand hygiene sessions, we noticed
that participants did deviate from the defined procedure and had
an overall accuracy of 91% (SD 0.16) in terms of complying
with the protocol. As shown in Figure 5, we calculated the
average participant accuracy as a measure of their compliance

for each of the protocol steps. Participants tended to swap those
steps that need to be repeated symmetrically with different
leading hands, including step 3(R)/3(L), step 5(R)/5(L), step
6(R)/6(L), and step 7(R)/7(L). We also observed that on some
occasions, participants missed a step (denoted as rightmost
column Missed in Figure 5).
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Figure 5. Confusion matrix showing the order of steps in hand hygiene sessions: all participants (left) and participant 8 (right). x-axis: performed step;
y-axis: excepted step. L: left; R: right.

On the right of Figure 5, we show exemplary data collected
from participant 8, who swapped the order of steps 6(R) and
6(L). We noted that this participant was right-handed. Overall,
we observe that participants are able to follow the standard
WHO hand hygiene procedures to a great extent, although
participants may accidentally miss some steps or swap some
symmetrical steps. We highlight that although these errors were
made by participants, they do not affect the accuracy of our
classifier. This is because we manually inspected and labeled
our video recordings, and therefore, any missed or swapped
steps are assigned the correct ground truth label.

Learning and Fatigue Effects
To quantify the existence of any potential learning or fatigue
effects, we calculated participants’average accuracy after having
completed one procedure, two, three, and so on until 30. The
results are shown in Figure 6. The average accuracy remained
at around 90% across the range of 1 to 30 completed sessions.
A one-way ANOVA showed no statistically significant effect
of the number of experiments on the average accuracy
(F29,570=0.10; P>.99). This indicates that participants did not
have a significant increase or decline in performance, which
would be suggestive of learning or fatigue, respectively.

Figure 6. Average participant accuracy, according to the number of completed hand hygiene sessions.
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Armband Performance

Placement of Armbands
To investigate the performance of the armband, we calculated
the accuracy for eight distinct combinations of armband
positions: four combinations of two armbands (left arm+right
arm, left forearm+right forearm, right arm+right forearm, and
left arm+left forearm) and four positions of one armband (right
arm, left arm, right forearm, and left forearm). We separately
calculated the average accuracy for the classification results
(XGBoost) and the smoothed classification results
(XGBoost+E.Divisive). At this point, the results are derived
using a fusion of all available sensor data (acceleration,
gyroscope, orientation, and sEMG) and are shown in Figure 7
(user-dependent models) and Figure 8 (user-independent model).
As noted earlier, we used LOSO cross-validation for the
user-dependent models and LOPO cross-validation for the
user-independent model.

For the user-dependent model, Figure 7 shows the best
performance was achieved when using the data from both left
forearm and right forearm (XGBoost: mean 95.9%, SD 0.01;
and XGBoost+E.Divisive: mean 96.9%, SD 0.01). For situations
where only one armband is desirable or available, the best model
uses data from the right forearm (XGBoost: mean 93.0%, SD
0.02; and XGBoost+E.Divisive: mean 96.1%, SD 0.01).

Similar result trends were observed in the user-independent
model as well, although the user-independent model lags in
performance as expected. In Figure 8, the model using the data
from both the left forearm and right forearm (XGBoost: mean

85.5%, SD 0.05; and XGBoost+E.Divisive: mean 90.9%, SD
0.04) outperformed other placement combinations. When
considering only one armband, the highest classification
accuracy was also achieved by the model using the data from
the right forearm (XGBoost: mean 72.6%, SD 0.07; and
XGBoost+E.Divisive: mean 82.4%, SD 0.08).

Although we observed that the overall classification accuracy
of the user-independent model is lower than that of the
user-dependent models, we found that the user-independent
model using the data from two armbands is able to achieve more
than 80% accuracy.

There were several similarities between the results for the
user-dependent models and the user-independent model, lending
higher robustness to our results. We observed that the
classification accuracy increases after smoothing in all cases,
shown in Figures 7 and 8 with a two-way ANOVA showing a
significant improvement with smoothing (user-dependent model:
F1,311=197.81; P<.001; and user-independent model:
F1,311=111.40; P<.001). Figure 9 illustrates how the E.Divisive
smoothing algorithm improves the data quality by reducing
classification errors. Figure 9 also demonstrates how the
classifier can detect steps that are out of order (steps 6(R) and
6(L) were performed in reverse order by the participant), deal
with missed steps (step 5(L) was skipped), and detect steps with
varying duration. Furthermore, Multimedia Appendices 4 and
5 show the confusion matrices of recognition rates from
user-dependent models and user-independent models,
respectively.

Figure 7. Classification accuracy of different combinations of armband positions: user-dependent models.
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Figure 8. Classification accuracy of different combinations of armband positions: user-independent model.

Figure 9. Visualization of how classification and smoothing work for handrub (top) and handwash (bottom). The steps are in accordance with Table
1.

Bootstrapping User-Dependent Models
The results have shown that in scenarios where only one
armband is placed on the arm, the performance of the
user-independent model drops to below 70% (Figure 8).
Considering the low accuracy associated with user-independent
models, it would be desirable to use a user-dependent model
that can achieve higher classification accuracy of about 95%
(Figure 7). However, this requires training data from the
individual user, and therefore, the model cannot perform well
immediately [49]. This can pose an additional burden on HCWs
who need to train the model before it performs well. For this
reason, we quantified the amount of training data that is required
to achieve a reasonable classification accuracy.

We did this by randomizing the order of both 15 handrub and
15 handwash sessions for each participant, pick 1, 2, ..., N hand
hygiene sessions as the training set, and test the model on the
remaining hand hygiene sessions for that participant. We
repeated this process for every participant and calculated the
average classification accuracy for each N. The results are shown
in Figure 10 and illustrate that classification accuracy rapidly
increases as the number of training sessions grows from 1 to 6.
With six hand hygiene sessions as the training set, the models
with one armband placed on participants’ arm achieve around
80% accuracy. After 16 hand hygiene sessions, the accuracy of
the models solely based on the arm is higher than 90%.
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Figure 10. Classification accuracy of user-dependent models using N hand hygiene sessions as the training set.

Sensor Importance
It is crucial to minimize the interruptions of HCWs when using
wearable technology such as the armbands in our study, for
example, to recharge the armband. Therefore, one approach is
to minimize the number of sensors on the armband and therefore
increase the battery lifetime but reduce the classification
accuracy. For this reason, we quantified the trade-off between
the power consumption and classification accuracy of the
wearable sensors. In addition, one of the major concerns of
electronic hand hygiene–monitoring systems is the cost
associated with the wearable sensors and corresponding
receivers, and therefore, reducing the sensors can reduce the
associated costs. Furthermore, another concern is HCWs’
acceptance and compliance with hospital regulations (eg, not
wearing wristbands or watches), and thus, we expected to
minimize the number of sensors and the size of sensor armbands
to reduce their impediments and increase HCWs’ acceptance.

To quantify this energy vs performance trade-off, we fed the
user-independent model with the data from different
combinations of sensors in line with the widely used wearable
devices. Specifically, we examined the performance of the

user-independent model with six different combinations of
sensors through LOPO cross-validation. The six combinations
are as follows: three-axis accelerometer, three-axis gyroscope,
eight sEMG electrodes, six-axis IMU (accelerometer and
gyroscope), nine-axis IMU (accelerometer, gyroscope, and
magnetometer), and nine-axis IMU + eight sEMG electrodes.
Effectively, these are all subsets of the full dataset we collected,
and that is why this analysis is possible. The classification
accuracy when using different sensor combinations, with
different sensor placement, is shown in Figure 11.

Figure 11 shows that, in general, performance suffers when the
available data are only a three-axis accelerometer, or a three-axis
gyroscope, or eight sEMG electrodes. This finding holds across
all armband placements for both one- and two-armband
scenarios. The results also showed that if only one sensor is
available, then a three-axis accelerometer would be preferable,
as it outperforms the others. However, we also observe in Figure
11 a substantial performance gain when a six-axis accelerometer
is used—effectively when an accelerometer and gyroscope are
combined. Further adding a magnetometer (ie, nine-axis IMU),
and subsequently adding the sEMG data, provides mostly
marginal performance gains.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e17001 | p.491http://mhealth.jmir.org/2020/3/e17001/
(page number not for citation purposes)

Wang et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 11. Classification accuracy of the user-independent model for different combinations of sensors and different placement. IMU: inertial
measurement unit; sEMG: surface electromyography.

Discussion

Flexible Detection
To mimic the real-life scenarios in health care settings, we did
not place restrictions on the completion time in our experiments.
As a result, we observed that the duration of hand hygiene
performance varied considerably when the sessions were
accompanied by the instructional poster. Interestingly,
performing hand hygiene with posters is common practice in
hospitals, and Multimedia Appendices 1 and 2 have been widely
used as an approach to promote hand hygiene [50]. In addition,
the suggested duration of handwash and handrub from the WHO
also varies from 20 to 30 seconds and from 40 to 60 seconds,
respectively [3]. Hence, to detect the steps of hand hygiene
procedures in realistic scenarios, the system should be adaptive
to the varying duration.

Our study also shows that participants did deviate from the
defined procedure, especially for the steps that need to be
repeated symmetrically with different leading hands. Meanwhile,
some participants accidentally missed some of the steps, which
is more prevalent in health care settings. For example,
Tschudin-Sutter et al [23] reported a compliance rate of only
8.5% for completing all steps of the WHO hand hygiene
procedures. Furthermore, the researchers do not have a
consensus on the correct order of the hand hygiene procedure
steps [51]. Pires et al [51] suggested that HCWs should rub the
fingertips first to reduce the probability of contamination. Hence,
to monitor the quality of hand hygiene, the system should
provide the flexibility of detecting the individual steps within
the hand hygiene procedures.

Previous studies adopted HMM to classify the steps of the hand
hygiene procedure from feature vectors or smooth classification
results [29,30], which assumes that HCWs will perform hand
hygiene within a specific time frame and with a predefined
sequence. Instead, we smoothed the prediction results through

a combination of E.Divisive and majority vote. The results
indicated that the classification accuracy increases after
smoothing (user-dependent model: F1,311=197.81; P<.001; and
user-independent model: F1,311=111.40; P<.001; see Figures 7
and 8). Our approach can deliver flexibility for detecting hand
hygiene in real-life scenarios without assuming that the HCWs
follow a predefined sequence within a specific time limit.

Placement Recommendations
To investigate the relationship between the performance of our
proposed models and the placement of the armbands, we tested
the models with eight placement combinations. For a scenario
with two armbands, the model using the data from both the left
forearm and the right forearm exhibits the highest classification
accuracy (user-dependent model: 96.9% and user-independent
model: 90.9%). When using the data from both the right arm
and the left arm, the performance decreases to 93.8% and 80%,
respectively. However, it can be argued that placing the
armbands on the forearm is less hygienic that placing them on
the arm.

When only one armband is available, the performance of the
user-dependent model still reaches more than 93.3% accuracy
regardless of the position of the device (eg, on the lower or
upper arm). However, for the user-independent models, the
performance drops below 70% when the armband is located on
the upper arm (80% accuracy for the lower arm). Thus, a
user-dependent model is preferred when only using the data
from one armband.

Furthermore, to reduce the costs of data collection, we measured
the amount of training data that is required to achieve a
reasonable classification accuracy. With six hand hygiene
sessions as the training set, the models in the one armband
scenario placed on participants’ arm achieve around 80%
accuracy for the user-dependent model. After 16 hand hygiene
sessions, the accuracy of the models is higher than 90%.
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However, these models need manually annotated personal
training data, which might require considerable costs associated
with personnel time and resources.

Overall, for the scenarios allowing HCWs to wear armbands
on their forearms, the user-independent models can achieve
acceptable classification accuracy (one armband: more than
80% and two armbands: 90.9%). When the hygiene protocol
enforces restrictions on HCWs’ forearms (eg, the armband is
not allowed on the forearm), the user-independent model needs
data from both the left arm and right arm because the
performance of the user-independent models using one armband
is lower than 70%. Owing to this, user-dependent models are
necessary and should be trained by six annotated hand hygiene
sessions at least to achieve reasonable classification accuracy.

Sensor Recommendations
To minimize the interruptions caused by the wearable sensors
(eg, recharge the armbands), one can aim to reduce the number
of sensors on the armband so as to increase the battery lifetime.
Therefore, we quantified the trade-off between the number of
wearable sensors and the corresponding classification accuracy.
Our results showed that if only one sensor is available, then a
three-axis accelerometer would be preferable, as it outperforms
the other sensors. After combining an accelerometer and a
gyroscope, the model shows a substantial increase. Further
adding a magnetometer (ie, nine-axis IMU), and subsequently
adding the sEMG data, provides marginal performance gains
at the cost of substantial power consumption. Other studies also
showed that after adding sEMG data, the performance of
user-independent models does not exhibit a considerable
increase [52,53].

These results point to two sensor combinations that appear to
minimize power consumption and cost while maximizing
performance. For a single-sensor configuration, a three-axis
accelerometer is preferable. For multisensor configurations, a
six-axis IMU (ie, accelerometer+gyroscope) is the parsimonious
combination of choice. We also observed that for
single-armband scenarios, the classification accuracy with
single-sensor data is largely below 60%, and therefore, a
multisensor configuration is appropriate where only one
armband is available.

Feedback
One of the key steps for medical students and HCWs to acquire
the clinical techniques is providing feedback on their
performance in given activities [54]. Before receiving feedback
regarding their performance of hand hygiene, the first step
should be to reveal the gap between the optimal and actual
performance.

In practice, the duration of a hand hygiene procedure is
considered as the key indicator of quality [22,55]. Meantime,
as mentioned by Arias et al [21] and Tschudin-Sutter et al [23],
the noncompliance with all steps of hand hygiene procedures
results in failure to cover all skin surfaces; hence, an automated
monitoring approach should also provide information about the
sequence of hand hygiene steps actually followed. Owing to
the flexibility of our system, we can detect a hand hygiene
procedure with different duration and orders. Therefore, we can

provide feedback to medical students and HCWs on the duration
of hand hygiene procedure (eg, which steps are performed, how
much time they spent on the specific steps, and whether they
should prolong the duration of the specific step) and the
sequence of hand hygiene procedures (eg, whether there is any
missed step and whether performed steps are in the correct
order).

Through instructional applications, such feedback can be based
on the individual performance of hand hygiene so that the
trainees can receive more detailed and personalized instructions
during the training period. This approach can be used to
investigate the performance of HCWs’ daily hand hygiene
events. HCWs can further improve their hand hygiene
techniques through timely and periodic feedback. Similarly,
administrators can also have summarized information to help
them quantify hand hygiene quality.

Limitations
In this study, we recruited participants through our university’s
mailing list and collected data in a controlled laboratory setting
and did not conduct a field study in health care settings.
However, it was necessary to conduct a laboratory study first
to provide a semicontrolled setting for instrument validation.
We also provided substantial training to participants, and we
did observe their performance to be higher than 90%, suggesting
that our training was effective in ensuring they follow the WHO
guidelines during the study.

Another limitation is that we did not measure the effect of
handedness on classifier performance because of the small
number of left-handed participants (1/20, 5% participants).
However, as mentioned by Galluzzi et al [34], hand dominance
is not crucial to hand hygiene detection because of symmetric
arm movements.

In addition, we limited our approach to measuring the
performance of hand hygiene quality to Myo armbands, which
have officially ended as of October 2018. Nevertheless, we
argue that a similar approach should be applicable with other
wearable devices that bear IMU + electromyography sensors,
so long as our proposed analysis is adopted.

Conclusions
In this paper, we evaluated the feasibility of using sensor
armbands (Myo armband) to assess the HCWs’ compliance
with the WHO hand hygiene guidelines, which are considered
as the proxy measures of the quality of hand hygiene. Our results
showed the classification performance of 97% average accuracy
for the user-dependent model and 91% average accuracy for
the user-independent model. In addition, by investigating the
performance of individual models with different sizes of training
data, we found that training the user-dependent model with six
annotated hand hygiene events can provide more than 80%
accuracy with the data from one armband placed on the users’
upper arms. We also investigated the performance of different
sensor combinations and found that the combination of an
accelerometer and a gyroscope achieves the balance between
the classification performance, power consumption, and cost.
Our findings contribute to building mechanisms to quantify the
quality of hand hygiene procedures using a sensor armband.
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Standard World Health Organization procedure of handwash with soap and water. Source: WHO Guidelines on Hand Hygiene
in Health Care: First Global Patient Safety Challenge Clean Care is Safer Care [3]
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Abstract

Background: Sedentary time (ST) has been associated with detrimental health outcomes in fibromyalgia. Previous evidence
in the general population has shown that not only is the total amount of ST harmful but the pattern of accumulation of sedentary
behaviors is also relevant to health, with prolonged unbroken periods (ie, bouts) being particularly harmful.

Objective: To examine the association of the patterns of ST with health-related quality of life (HRQoL) in women with
fibromyalgia and to test whether these associations are independent of moderate-to-vigorous physical activity (MVPA).

Methods: A total of 407 women (mean 51.4 years of age [SD 7.6]) with fibromyalgia participated. ST and MVPA were measured
with triaxial accelerometry. The percentage of ST accumulated in bouts and the frequency of sedentary bouts of different lengths
(≥10 min, ≥20 min, ≥30 min, and ≥60 min) were obtained. Four groups combining total ST and sedentary bout duration (≥30
min) were created. We assessed HRQoL using the 36-item Short-Form Health Survey (SF-36).

Results: A greater percentage of ST spent in all bout lengths was associated with worsened physical function, bodily pain,
vitality, social function, and physical component summary (PCS) (all P<.05). In addition, a higher percentage of ST in bouts of
60 minutes or more was related to worsened physical role (P=.04). A higher frequency of bouts was negatively associated with
physical function, social function, the PCS (≥30 min and ≥60 min), physical role (≥60 min), bodily pain (≥60 min), and vitality
(≥20 min, ≥30 min, and ≥60 min) (all P<.05). Overall, for different domains of HRQoL, these associations were independent of
MVPA for higher bout lengths. Patients with high total ST and high sedentary bout duration had significantly worsened physical
function (mean difference 8.73 units, 95% CI 2.31-15.15; independent of MVPA), social function (mean difference 10.51 units,
95% CI 2.59-18.44; not independent of MVPA), and PCS (mean difference 2.71 units, 95% CI 0.36-5.06; not independent of
MVPA) than those with low ST and low sedentary bout duration.

Conclusions: Greater ST in prolonged periods of any length and a higher frequency of ST bouts, especially in longer bout
durations, are associated with worsened HRQoL in women with fibromyalgia. These associations were generally independent of
MVPA.

(JMIR Mhealth Uhealth 2020;8(3):e14538)   doi:10.2196/14538
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Introduction

Fibromyalgia is a chronic and heterogeneous condition
characterized by pain as the dominant symptom, which is
frequently accompanied by fatigue, sleep disorders, or cognitive
impairment [1]. Fibromyalgia patients, who tend to be highly
sedentary, usually reduce their physical activity (PA) levels in
order to avoid an aggravation of their symptomatology [2,3].
However, adopting this behavior might trigger a worsening of
their condition [4-8]. Importantly, the risks of a sedentary
lifestyle are present irrespective of the PA performed [9,10].
Considering that few patients with fibromyalgia fulfil the
recommended level of moderate-to-vigorous PA (MVPA) [11],
these patients are at an increased health risk not only for being
highly sedentary but also for being inactive [12,13]. In the
management of fibromyalgia, a graduated approach first focused
on nonpharmacological modalities, and the improvement of
health-related quality of life (HRQoL) is currently recommended
[14]. Therefore, greater insights on how modifiable factors,
such as daily sedentary time (ST) and PA, are related to HRQoL
among these patients are warranted.

Emerging evidence in the general population has demonstrated
that not only the total amount of ST but also the pattern of
accumulation of sedentary behaviors is relevant to health
[15-17]. Prolonged, unbroken periods (ie, bouts) of ST might
be particularly harmful [15,16] due to its relationship with
detrimental effects on the metabolism [15-17]. In fibromyalgia,
Ellingson et al demonstrated that both total ST, but especially
sustained ST, can negatively influence pain modulation
processes [18]. In addition, the frequency of sedentary bouts
seems to be linked to health outcomes, with frequent
interruptions in prolonged ST (ie, breaks) being beneficially
related to markers of metabolic risk [19]. Although current PA
recommendations emphasize the importance of reducing total
ST [20], there is no information on how sedentary behavior
patterns (ie, bout duration and frequency) should be modified
to maximize health benefits. Sedentary patterns have been

typically collected by accelerometers in the research field [17].
In contrast, mobile health (ie, mHealth) tools are more
user-friendly devices that are widely used by consumers to track
daily activity. These wearable devices, however, do not usually
offer sedentary behavior information to users, although the
inclusion of accelerometer sensors in wearable devices [21]
would make it possible. Therefore, the analysis of the impact
of different patterns of sustained ST on HRQoL in fibromyalgia
could help in (1) the development of recommendations to reduce
overall ST and in the interruption of potentially harmful bout
lengths and (2) the implementation of future mHealth tools that
deliver actual sedentary pattern information and potentially
encourage this population to break prolonged ST.

Therefore, we aimed to examine (1) the association of the
patterns of ST (ie, ST accumulated in bouts and frequency of
sedentary bouts) in different bout lengths (≥10 min, ≥20 min,
≥30 min, and ≥60 min) with the HRQoL in women with
fibromyalgia, (2) the combined association of total ST and
sedentary bout duration with HRQoL, and (3) whether these
associations are independent of MVPA.

Methods

Recruitment
A representative sample of fibromyalgia patients from the south
of Spain—Andalusia—was recruited for the al-Ándalus project
via fibromyalgia associations, internet advertisement, flyers,
and email. Written informed consent from all participants
(N=646) was obtained. Inclusion criteria for this study require
that participants (1) be previously diagnosed by a rheumatologist
and meet the 1990 American College of Rheumatology
fibromyalgia criteria [1], (2) do not have either acute or terminal
illness or severe cognitive impairment, and (3) are 65 years of
age or younger. The flowchart of participants included in this
study is shown in Figure 1. The Ethics Committee of the
Hospital Virgen de las Nieves, Granada, Spain, reviewed and
approved the study.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 3 |e14538 | p.499http://mhealth.jmir.org/2020/3/e14538/
(page number not for citation purposes)

Gavilán-Carrera et alJMIR MHEALTH AND UHEALTH

XSL•FO
RenderX

http://www.w3.org/Style/XSL
http://www.renderx.com/


Figure 1. Flow diagram of inclusion of women with fibromyalgia from the al-Ándalus project included in this study (N=407).

Measurements

Sedentary Time and Physical Activity
Patients wore the GT3X+ triaxial accelerometer (ActiGraph)
on the hip for 9 days, 24 hours per day, except during
water-based activities. Activity counts were measured at a rate
of 30 Hz and stored at an epoch length of 1 minute [22].
Accelerometer-wearing time was obtained by subtracting the
sleeping time and nonwear periods from each day. Sleeping
time was obtained from a sleep diary, in which patients reported
the time they went to bed and the time they woke up. Nonwear
periods were obtained by applying Choi’s algorithm [23]. Bouts
of 90 continuous minutes of 0 counts were considered nonwear
periods. To eliminate reactivity from the awareness of being
monitored, we excluded PA data from the first day. The last
day, when the device was returned, was excluded from the
analysis as well. A total of 7 continuous days of recording, with
a minimum of 10 valid hours per day, was the minimum criteria
for being included in the study analysis.

ST and MVPA were calculated based upon recommended PA
vector magnitude cut points [22,24]: 0-199 and ≥2690 counts
per minute (cpm), respectively. A sedentary bout was defined
as the number of consecutive minutes during which the
accelerometer registered less than 200 cpm. Four sedentary
bout-length categories were used in this study: ≥10 min, ≥20

min, ≥30 min, and ≥60 min. For each sedentary bout length, we
obtained the following variables related to patterns of ST: (1)
percentage of total ST accumulated in bouts (total time
accumulated in bouts/total ST × 100) and (2) frequency of bouts
(number of bouts/sedentary hours).

Data download, reduction, cleaning, and analyses were
performed using ActiGraph’s desktop software: ActiLife,
version 6.11.7.

Health-Related Quality of Life
The HRQoL was assessed using the 36-item Short-Form Health
Survey (SF-36) [25]. The SF-36 is composed of 36 items that
assess eight dimensions of health (ie, physical functioning,
physical role, bodily pain, general health, social functioning,
emotional role, mental health, and vitality) and two component
summary scores (ie, physical component summary [PCS] and
mental component summary [MCS]). The score in each of the
eight dimensions is standardized and ranges from 0 (worst health
status) to 100 (best health status).

Sociodemographic and Clinical Data
We collected sociodemographic and clinical data using a
self-reported questionnaire that included age, marital status
(married/not married),  education level
(university/nonuniversity), and occupational status (working/not
working). Patients also reported the consumption of
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antidepressants and analgesics (yes/no) during the previous 2
weeks.

Anthropometry and Body Composition
Weight (kg) and total body fat (%) were measured using
bioelectrical impedance with the InBody R20 (Biospace) body
composition analyzer. Patients were asked neither to have a
shower, practice intense PA, nor ingest large amounts of fluid
and/or food in the 2 hours before the measurement. Patients
removed their clothing and any metal objects from their bodies
during the assessment.

Impact of the Disease
The Revised Fibromyalgia Impact Questionnaire (FIQR) [26]
assesses overall fibromyalgia severity through a wide range of
symptoms, comorbidities, and complaints related to this chronic
condition. It is a self-administered questionnaire with 21
individual questions, with a rating scale of 0-10. The adjusted
FIQR total score ranges from 0 to 100, with a higher score
indicating greater impact of the syndrome on a person’s life.

Statistical Analysis
Descriptive continuous data are shown as mean (SD), whereas
categorical data are presented as n (%). To test the association
between patterns of ST and HRQoL, we used linear regression
analysis. The eight dimensions and the two summary
components of the SF-36 were introduced as dependent variables
in the models in separate regression models. Patterns of ST (ie,
percentage of ST accumulated in bouts and frequency of bouts
in all bout lengths) were introduced individually as predictor
variables. Two types of models were built: (1) model 1 was
controlled for age, total body fat percentage, occupational status,
medication for pain and depression, and accelerometer wear
time and (2) model 2 included model 1 plus MVPA.

The combined association of total ST and prolonged sedentary
bout duration with HRQoL was studied through analyses of
covariance. The subject pool was divided into four groups
according to the median value of total ST (3216 min/week) and

the median value of sedentary bout durations of 30 continuous
minutes or more (47.7 min). A minimum duration of 30
continuous minutes was used to define prolonged ST following
the criteria of previous studies [27]. The four groups created
were (1) low total ST (≤ the median value) + low sedentary bout
duration (≤ the median value), (2) low total ST + high sedentary
bout duration (> the median value), (3) high total ST (> the
median value) + low sedentary bout duration, and (4) high total
ST + high sedentary bout duration. The analyses were adjusted
for age, total body fat percentage, occupational status,
medication for pain and depression, and accelerometer-wear
time. Additional analyses including MVPA as covariate were
performed.

For analyses, we used IBM SPSS Statistics for Windows,
version 20.0 (IBM Corp). The statistical significance was set
at P<.05.

Data Exclusion
The final sample size included in the analyses comprised 407
women with fibromyalgia. The flow diagram of women with
fibromyalgia included in this study is shown in Figure 1.

Results

Table 1 provides an overview of the patients’ sociodemographic
and clinical characteristics. Table 2 includes the information
related to PA and ST pattern characteristics (ie, percentage of
total ST and frequency of bouts) in different bout lengths.

The association of the percentage of ST accumulated in bouts
of different lengths with the SF-36 domains are shown in Table
3. Greater percentages of ST spent in all bout lengths were
associated with worse physical function, bodily pain, vitality,
and social function domains and the PCS (beta from -.20 to
-.10, all P<.05). In addition, a higher percentage of ST spent in
bouts of 60 minutes or more was related to a worsened physical
role (beta=-.10, P=.04). Overall, these associations were
independent of MVPA (all P<.05), except for the bodily pain
(for bouts ≥10, ≥20, or ≥30 min) and physical role domains.
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Table 1. Sociodemographic and clinical characteristics of the study participants (N=407).

Mean (SD) or n (%)Variables

51.4 (7.6)Age (years), mean (SD)

43.2 (13.4)Algometer score (18-144), mean (SD)

28.4 (5.4)Body mass index (kg/m2), mean (SD)

40.1 (7.6)Total body fat (%), mean (SD)

64.4 (16.7)FIQRa score (0-100), mean (SD)

Health-related quality of life, SF-36 b score (0-100), mean (SD)

39.2 (18.9)Physical function

33.2 (21.2)Physical role

21.2 (14.7)Bodily pain

28.5 (15.3)General health

22.3 (17.7)Vitality

43.7 (24.7)Social functioning

56.9 (27.9)Emotional role

46.2 (19.7)Mental health

29.5 (6.9)Physical component

36.0 (11.6)Mental component

Marital status, n (%)

311 (76.4)Married

96 (23.6)Not married

Education level, n (%)

349 (85.7)Nonuniversity

58 (14.3)University

Current occupational status, n (%)

107 (26.3)Working

300 (73.7)Not working

Drug consumption, n (%)

367 (90.2)Analgesics

232 (57.0)Antidepressants

aFIQR: Revised Fibromyalgia Impact Questionnaire.
bSF-36: 36-item Short-Form Health Survey.
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Table 2. Sedentary patterns and physical activity (PA) variables of the study participants (N=407).

Mean (SD)Sedentary behavior and PA

923.0 (78.9)Accelerometer-wear time

Sedentary time (ST)

460.1 (104.1)Minutes per day

49.9 (10.6)Percentage of wear time

Light PA

418.6 (91.8)Minutes per day

45.3 (9.1)Percentage of wear time

Moderate PA

43.9 (29.5)Minutes per day

4.8 (3.2)Percentage of wear time

Vigorous PA

0.4 (2.0)Minutes per day

0.1 (0.2)Percentage of wear time

Moderate-to-vigorous PA

44.3 (30.1)Minutes per day

4.8 (3.2)Percentage of wear time

Patterns of ST of different bout lengths

≥10-minute bout

59.2 (11.2)Percentage of total ST accumulated (%)

83.7 (25.6)Frequency of bouts (number of bouts/week)

≥20-minute bout

38.5 (12.8)Percentage of total ST accumulated (%)

34.3 (14.6)Frequency of bouts (number of bouts/week)

≥30-minute bout

26.7 (12.3)Percentage of total ST accumulated (%)

17.9 (9.6)Frequency of bouts (number of bouts/week)

≥60-minute bout

10.3 (8.9)Percentage of total ST accumulated (%)

4.3 (3.7)Frequency of bouts (number of bouts/week)
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Table 3. Association of the percentage of sedentary time (ST) accumulated in bouts of different lengths with 36-item Short-Form Health Survey (SF-36)
dimensions (N=407).

Percentage of ST accumulated in bouts of different lengthsDimen-
sions and
models

≥60-minute bout≥30-minute bout≥20-minute bout≥10-minute bout

PBetaSEBPBetaSEBPBetaSEBPBetabSEBa

Physical function

<.001-.2010.104-0.428<.001-.1760.077-0.271.001-.1710.074-0.253.002-.1590.086-0.267Model

1c

<.001-.1860.105-0.396.002-.1560.079-0.239.004-.1490.077-0.221.01-.1340.089-0.226Model

2d

Physical role

.04-.1000.114-0.239.06-.0920.084-0.159.09-.0820.081-0.137.18-.0670.094-0.126Model
1

.09-.0820.115-0.195.18-.0670.086-0.115.29-.0540.083-0.089.52-.0330.097-0.063Model
2

Bodily pain

.02-.1150.078-0.190.048-.0960.058-0.114.05-.0940.056-0.108.045-.0990.065-0.130Model
1

.03-.1040.079-0.171.11-.0800.059-0.096.13-.0770.058-0.089.12-.0810.067-0.106Model
2

General health

.37-.0440.084-0.076.35-.0470.062-0.058.42-.0400.060-0.048.62-.0250.069-0.034Model
1

.39-.0420.085-0.073.38-.0450.064-0.056.46-.0380.062-0.046.69-.0210.072-0.029Model
2

Vitality

.004-.1400.097-0.278.004-.1420.072-0.204.003-.1480.069-0.204.002-.1600.080-0.252Model
1

.01-.1220.098-0.242.02-.1170.073-0.169.02-.1220.071-0.168.01-.1330.083-0.209Model
2

Social functioning

<.001-.1810.129-0.500<.001-.1800.095-0.361<.001-.1820.091-0.351<.001-.1810.106-0.399Model
1

.001-.1490.128-0.412.004-.1370.095-0.275.01-.1350.093-0.261.01-.1300.108-0.285Model
2

Emotional role

.82-.0110.148-0.034.88-.0070.109-0.016.91.0050.1050.012.74.0160.1210.040Model
1

.95-.0030.150-0.010.94.0040.1120.008.72.0180.1090.039.54.0310.1260.077Model
2

Mental health

.32-.0470.105-0.104.71-.0180.077-0.029.84-.0100.075-0.015.74.0160.0860.028Model
1

.41-.0390.106-0.087.90-.0060.079-0.010.94.0040.0770.006.51.0340.0900.059Model
2

Physical component

.001-.1680.038-0.130.002-.1590.028-0.089.002-.1580.027-0.085.003-.1560.032-0.096Model
1
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Percentage of ST accumulated in bouts of different lengthsDimen-
sions and
models

≥60-minute bout≥30-minute bout≥20-minute bout≥10-minute bout

PBetaSEBPBetaSEBPBetaSEBPBetabSEBa

.002-.1540.039-0.119.01-.1410.029-0.079.01-.1390.028-0.075.01-.1350.033-0.083Model
2

Mental component

.28-.0500.061-0.065.39-.0410.045-0.039.47-.0340.043-0.031.64-.0220.050-0.023Model
1

.44-.0360.061-0.047.66-.0210.046-0.020.80-.0120.044-0.011.95.0030.0520.003Model
2

aB: nonstandardized regression coefficient. Linear regression models were built using Enter method, with SF-36 domains as dependent variables and
percentage of ST in different bout lengths as independent variables.
bBeta: standardized regression coefficient.
cModel 1: adjusted for age, fat percentage, occupational status, medication for pain, medication for depression, and accelerometer wear time.
dModel 2: analysis controlled for model 1 + moderate-to-vigorous PA.

Table 4 shows the association of the frequency of bouts of ST
of different lengths with the SF-36 domains. A higher frequency
of sedentary bouts 20 minutes or longer was associated with
worsened vitality and social function (beta=-.12 and -.13,
respectively, all P<.05). A higher frequency of sedentary bouts
30 minutes or longer was associated with worsened physical
function, vitality, social function, and PCS scores (beta from
-.15 to -.12, all P<.05). A higher frequency of sedentary bouts
60 minutes or longer was associated with worsened physical
function, physical role, bodily pain, vitality, social function,
and PCS scores (beta from -.19 to -.10, all P<.05). These
associations were independent of MVPA, except for the

association with physical role, vitality, and social function in
bouts 20 minutes or longer.

Figure 2 shows the combined association of total ST and
sedentary bout duration with the SF-36 domains, the PCS, and
the MCS. Participants with low total ST and low sedentary bout
duration presented better physical function (mean difference
8.73 units, 95% CI 2.31-15.15), social function (mean difference
10.51 units, 95% CI 2.59-18.44), and PCS (mean difference
2.71 units, 95% CI 0.36-5.06) compared to participants with
high total ST and high sedentary bout duration (all P<.02).
Additional analyses showed that the differences in the physical
function (P=.045) were independent of MVPA.
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Table 4. Association of the frequency of bouts of sedentary time (ST) of different lengths with 36-item Short-Form Health Survey (SF-36) dimensions
(N=407).

Frequency of bouts (number of bouts/sedentary hours) of different bout lengthsDimen-
sions and
models

≥60-minute bout≥30-minute bout≥20-minute bout≥10-minute bout

PBetaSEBPBetaSEBPBetaSEBPBetabSEBa

Physical function

<.001-.18816.061-61.611.02-.1237.663-18.793.07-.0925.882-10.754.57.0284.2372.386Model

1c

.001-.17316.208-56.713.049-.1017.820-15.416.19-.0686.002-7.970.38.0444.2403.728Model

2d

Physical role

.04-.09817.572-35.905.14-.0728.315-12.379.44-.0386.375-4.921.43.0384.5753.602Model
1

.10-.08017.693-29.379.34-.0478.469-8.033.84-.0106.490-1.341.26.0554.5725.161Model
2

Bodily pain

.01-.12212.109-31.088.08-.0845.741-9.957.16-.0684.399-6.140.57-.0283.163-1.811Model
1

.02-.11112.245-28.355.17-.0685.873-8.101.30-.0514.500-4.636.72-.0173.179-1.128Model
2

General health

.27-.05412.987-14.374.30-.0526.132-6.395.57-.0294.696-2.700.56.0293.3701.978Model
1

.29-.05313.166-13.956.33-.0506.289-6.189.61-.0264.818-2.433.52.0323.3992.167Model
2

Vitality

.003-.14515.015-44.261.01-.1337.101-19.025.02-.1225.441-13.300.28-.0533.928-4.226Model
1

.01-.12715.125-38.871.03-.1097.240-15.624.06-.0975.549-10.617.45-.0383.931-2.976Model
2

Social functioning

<.001-.17319.887-73.977.001-.1519.429-30.153.01-.1327.237-19.997.64-.0225.242-2.477Model
1

.002-.14319.730-60.962.02-.1099.472-21.717.07-.0887.267-13.339.92.0045.1500.493Model
2

Emotional role

.84-.01022.830-4.716.79-.01210.777-2.809.81.0118.2461.973.46.0355.9134.353Model
1

.95-.00323.120-1.328.96-.00311.041-0.610.65.0238.4493.877.39.0415.9585.130Model
2

Mental health

.23-.05716.197-19.328.79-.0137.659-2.013.93.0045.8610.485.18.0654.1965.702Model
1

.30-.05016.404-16.941.98-.0017.844-0.195.74.0166.0031.989.13.0724.2256.372Model
2

Physical component

.001-.1625.930-19.387.02-.1222.816-6.827.06-.0972.160-4.104.88-.0081.557-0.238Model
1
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Frequency of bouts (number of bouts/sedentary hours) of different bout lengthsDimen-
sions and
models

≥60-minute bout≥30-minute bout≥20-minute bout≥10-minute bout

PBetaSEBPBetaSEBPBetaSEBPBetabSEBa

.003-.1495.989-17.763.046-.1032.877-5.754.15-.0762.208-3.222.91.0061.5620.186Model
2

Mental component

.24-.0559.365-11.036.36-.0434.424-4.017.59-.0253.387-1.825.59.0252.4311.309Model
1

.37-.0429.459-8.442.61-.0244.520-2.300.90-.0063.461-0.438.43.0372.4401.910Model
2

aB: nonstandardized regression coefficient. Linear regression models built using Enter method, with SF-36 domains as dependent variables and percentage
of ST in different bout lengths as independent variables.
bBeta: standardized regression coefficient.
cModel 1: adjusted for age, fat percentage, occupational status, medication for pain, medication for depression, accelerometer wear time, and ST.
dModel 2: analysis controlled for model 1 + moderate-to-vigorous PA.

Figure 2. Combined association of total sedentary time (ST) and prolonged sedentary bouts of at least 30 minutes with health-related quality of life.
Estimated means represent values after adjustment for age, total body fat percentage, occupational status, medication for pain, medication for depression,
and accelerometer-wear time. Common superscripts indicate significant (P≤.05) differences between groups with the same letter when adjusting for
age, body fat percentage, occupational status, medication for pain, medication for depression, and accelerometer-wear time. Asterisks represent significant
differences for additional adjustment for moderate-to-vigorous physical activity (P=.045).

Discussion

Principal Findings
The main findings of this study suggest that higher percentages
of ST spent in different bout lengths were associated with
worsened HRQoL, including physical function, bodily pain,
vitality, and social function domains, as well as the PCS. Also,
higher frequencies of sedentary bouts were associated with
worsened HRQoL, including physical function, bodily pain,
vitality, and social function domains, as well as the PCS,
especially in longer bout durations. Patients characterized by
high total ST and high sedentary bout duration presented
worsened physical function, social function, and PCS scores.
These associations were generally independent of the MVPA
performed for long bout lengths. These findings entail a first
step toward the understanding of free-living sedentary behavior

and its association with HRQoL in fibromyalgia. This supports
the implementation of mHealth devices, which allow
self-monitoring and immediate feedback of daily living
behaviors to patients. Future studies might determine whether
this approach is successful by reducing prolonged ST in this
population.

Limitations
This study has several limitations that should be underlined.
Because our results were derived from a cross-sectional design,
the associations cannot be explained via a causal pathway. In
addition, due to the large quantity of factors related to HRQoL,
it is difficult to ascertain the true nature of the association found
between variables. Because only women took part in this study,
future studies should investigate whether these associations
might extend to men as well. Among its strengths, this study
includes a relatively large sample size of women with
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fibromyalgia representative from the south of Spain (ie,
Andalusia). According to a recent study, measurement of the
actual dose of exercise and daily mobility are essential to
establish relationships of these behaviors with health [21]. In
this sense, ST and PA were objectively assessed in this study
through a wearable tool that enabled researchers to monitor the
type, quantity, and quality of everyday activities of patients via
accelerometry, which is considered a more reliable technique
than questionnaires in the study of fibromyalgia [28]. Future
intervention studies with mHealth devices that incorporate in
situ information are warranted in this population to ascertain
whether fibromyalgia patients change their sedentary behaviors.

Comparison With Prior Work
To date, most of the previous research on ST and health in
fibromyalgia has been limited to the study of total ST [7,29].
In addition, few studies have objectively characterized ST
through accelerometry in these patients [18,30] and only one
of them [18] reported the values of sustained ST (>1 hour).
Ellingson et al demonstrated that sustained ST (>60 min) was
associated with worse pain modulation in
fibromyalgia—assessed through magnetic resonance
imaging—to a greater extent compared to total ST [18].
Congruently, this study showed negative associations between
time spent in sedentary bouts (≥10 min, ≥20 min, ≥30 min, and
≥60 min) and the SF-36 body pain dimension. Therefore, we
extend the connection between sustained ST and pain to
patient-reported instruments. Also, the interruptions of these
sedentary bouts might be relevant for pain in this population,
given that frequency of sedentary bouts (≥60 min) was
negatively associated with bodily pain scores. Following the
findings by Ellingson et al, increased pain in sustained ST could
be due to the impaired activity in the prefrontal cortices and
sensory regions (ie, pre- and postcentral gyri) of these patients
[18]. Because the bodily pain domain of the SF-36 not only
encompasses objective levels of pain but also the perceived
limitations due to it, the contribution of other factors influencing
patients’ perceptions, such as self-efficacy or pain coping
strategies [31], could also take part in this relationship.

Although the influence of patterns of ST has not been explored
in fibromyalgia, a direct relationship between increased total
ST and fatigue has been described [29]. In agreement with our
findings, one previous study in healthy women showed that
prolonged ST accumulated in bouts of at least 1 hour were
negatively associated with vitality scores of the SF-36 and other
fatigue-related variables [32]. Despite the cross-sectional design
of these findings that precludes the causal explanation, other
experimental studies observed increases in fatigue levels during
uninterrupted sitting in adults with overweight and obese status
[33] and type 2 diabetes [34], or decreases in fatigue as a result
of reducing prolonged sitting [33]. The relationship between
ST and fatigue might be explained through physiological,
psychological, and social factors that contribute to this
multifaceted phenomenon. For instance, prolonged ST could
alter the sympathetic nervous system (ie, through a lower heart
rate, decreased plasma level of dihydroxyphenylalanine, and
increased plasma level of dihydroxyphenylglycol) [33], promote
muscle fatigue through sustained activation of low-threshold

motor units in sedentary positions [35], or negatively influence
sleep quality [7].

In fibromyalgia, there is also a gap in the literature regarding
the influence of ST and its patterns on social limitations due to
health. For other social-related aspects, Soursa et al stated that
patients with fibromyalgia with the lowest PA levels and,
presumably, higher levels of ST, had fewer social interactions
compared to those doing more PA [36]. No evidence is available
on how patterns of ST could influence social function in other
populations either, yet interpersonal factors (eg, family, friends,
and social networks) are well-known determinants of sedentary
behaviors [37]. The passive nature of different sedentary
activities (eg, watching television or sitting at the computer)
that are accompanied with decreased communication [38] could
also lead to poor social networking and participation [39].
Therefore, future research might ascertain whether breaking
prolonged ST could positively influence this construct of health
(eg, through an increased opportunity to interact with others)
or whether strategies aimed at increasing social support may
lead to more favorable patterns of accumulation of ST.

To our knowledge, no previous studies have linked patterns of
ST to physical function in fibromyalgia. The physical function
domain assesses activities of daily living (eg, bathing, dressing,
walking several blocks, and lifting or carrying groceries) that
typically require a combination of flexibility, strength, and
cardiorespiratory fitness, which are related to HRQoL [40].
Previous evidence in adults or older adults showed a decreased
physical function, assessed through physical fitness tests, in
relation to more deleterious patterns of device-measured ST,
such as reduced breaks in ST [41,42], increased sedentary bout
duration [41], or increased total prolonged ST [42]. Sedentary
periods are linked to skeletal muscle inactivity [43] and are
thought to accelerate sarcopenia and loss of aerobic capacity
[44], which could negatively affect physical function. Therefore,
increases in physical function could be optimized by avoiding
the accumulation of ST in prolonged periods and reducing the
duration of these ST periods, which needs to be confirmed in
future intervention studies.

We observed that, overall, the strength of the associations
between the patterns of ST and HRQoL was reduced but still
significant when considering MVPA. This finding is congruent
with a recent meta-analysis concluding that the deleterious
health effects associated with ST generally decrease in
magnitude among people with higher levels of PA [13]. Our
results also showed that, for certain patterns of ST in shorter
bout lengths (<60 min), the associations with HRQoL were not
significant anymore when considering MVPA. Therefore,
performing MVPA could have a protective effect only when
ST is accrued in low-duration bouts and could be especially
relevant for certain domains of HRQoL, such as bodily pain,
physical role, vitality, or social function. Interestingly, meeting
the current guidelines of MVPA in bouts of at least 10 minutes
was found to neutralize the negative association of prolonged
ST with fatigue in healthy women [32]. Hence, it is possible
that the patterns of accumulation of MVPA could also influence
the capacity of this behavior of counteracting the negative effects
of prolonged ST.
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Conclusions
In conclusion, our findings indicate that higher ST spent in
diverse bout lengths and a higher frequency of sedentary bouts,
especially in longer bout durations, is associated with worsened
HRQoL, more specifically with physical function, bodily pain,
vitality, and social function domains, as well as the PCS. Patients
that are highly sedentary and present longer sedentary bout

durations have worsened physical function, social function, and
PCS scores. Although these associations were generally
independent of MVPA in long sedentary bout lengths, this
intensity of PA could play a positive role when ST is
accumulated in shorter bouts. Future intervention studies using
mHealth devices that incorporate immediate feedback for users
are warranted in this population to ascertain whether
fibromyalgia patients change their sedentary behaviors.
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