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Abstract
Background: Calcium is an important nutrient for the attainment of peak bone mass during adolescence and young adulthood.
However, these life phases are characterized as hard to reach for health promotion. Social media platforms offer a promising
channel as they are relatively low cost but used ubiquitously by youth.
Objective: The aim of the CAlcium Nutrition-Dietary Opportunities (CAN-DO) study was to conduct a randomized controlled
trial to test the effectiveness of Facebook alone or with text messaging as channels to deliver a theory-based program to encourage
optimal calcium intake.
Methods: The intervention was a 3-arm parallel trial. Young adults aged 18 to 25 years were recruited through university and
social media for a 6-week trial. Participants were randomized to 1 of the 3 arms (ie, Facebook posts, Facebook posts plus text
messages, and control group that received an electronic leaflet containing information on calcium intake). The primary outcome
was change in intake of milk and other calcium-rich foods, and secondary outcomes were knowledge, self-efficacy, motivation,
and habit formation concerning calcium-rich foods. Changes were assessed before and after the intervention, and the differences
in change between groups were compared using multivariate regression models with multiple imputations for missing data.
Results: A total of 211 participants (64/211, 30.3% males) participated (mean age 21.4 years, SD 2.1) in this study. At the end
of the program, no increase in milk intake (odds ratio [OR] 1.51, 95% CI 0.61-3.75 Facebook; OR 1.77, 95% CI 0.74-4.24
Facebook plus text messages; P=.41) nor calcium-rich food was detected (P=.57). There was a significant improvement in
knowledge in the Facebook plus text messages group (P<.001), but habit formation improved less than that in the other 2 groups
(P=.01). Our results showed a moderate level of engagement with intervention content and positive qualitative feedback from
participants.
Conclusions: The CAN-DO study delivered via Facebook (with the additional support of text messages) was found to improve
knowledge and was acceptable among young adults. However, further research is needed to better understand social media
engagement and how to optimize the program for participants to be sufficiently motivated to increase their intake of calcium-rich
foods.
Trial
Registration:
Australian
New
Zealand
Clinical
Trials
Registry
ACTRN12620000097943;
http://www.anzctr.org.au/ACTRN12620000097943.aspx
(JMIR Mhealth Uhealth 2020;8(2):e16499) doi:10.2196/16499
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calcium; social media; young adults; randomized controlled trial; telemedicine
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Introduction
Background
As adolescents and young adults become increasingly
independent, it is not uncommon for lifestyle behaviors to be
adversely affected [1]. This may include decreased physical
activity, increased rates of smoking and alcohol consumption,
weight gain, and decreases in home-prepared meals [2-5].
Previous studies have shown that young adults are difficult to
reach with traditional health promotion strategies [6,7], but it
is important to support young adults through this transition to
establish healthy dietary patterns for their own future health
[3,8,9] and to potentially serve as role models to their children
[10,11].
Among the consequences of poor-quality diets is a low intake
of calcium, which remains a global concern [12] and among
Australian young adults [13]. A secondary analysis from the
most recent Australian National Nutrition Survey from 2011 to
2012 shows that 69% of males and 83% of females aged 19 to
25 years failed to meet the estimated average requirements for
young adults [14]. An adequate intake of calcium in adolescence
and young adulthood is important for the attainment of peak
bone mass and prevention of osteoporosis in later life [15,16].
Our previous formative research has delved into the barriers
and enablers to achieving adequate calcium intake for this
population and revealed a gap in knowledge with respect to
what amount of calcium-rich food constitutes a serve and the
daily number of serves recommended [17]. Their level of
motivation to improve calcium intake was low because a lack
of knowledge meant more calcium seemed unnecessary, and
financial factors influenced the opportunity to consume
calcium-rich foods, wherein milk was seen as low cost, but
sources such as nuts and fish were seen as high cost [17]. When
asked about an appropriate medium to deliver an intervention
program, the focus group participants preferred to learn from
social media platforms, and Facebook was ranked as the
preferred platform [17].
Young adults are ubiquitous users of social media [18]. Almost
90% of young adults (aged 18-29 years) access social media
platforms at least once per day [19], so it has the potential for
wide reach in an intervention. To date, the small evidence base
for the effectiveness of nutrition-related interventions using a
commercial social media platform, such as Facebook, is
inconsistent and warrants further investigation [20-22]. Our
previous meta-analysis of the effectiveness of interventions to
increase calcium intake demonstrated a small effect size [23]
but indicates that research into an intervention to improve
calcium intake of Australian young adults is warranted.

Objective
A previous Facebook intervention for weight loss in young
adults found that the use of social media combined with text
messages was effective for weight loss but not Facebook alone
[20]. Previous electronic health interventions conducted in
young adults found a high level of acceptability and engagement
with text messages and effective dietary changes [24-26].
Therefore, the aim of this study was to determine the
https://mhealth.jmir.org/2020/2/e16499
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effectiveness of an educational and motivational program to
improve calcium intake in young adults and whether the addition
of text messages enhanced behavior change when compared
with the Facebook arm alone.

Methods
Trial Design
This was a 3-arm parallel trial with a 1:1:1 allocation ratio. The
3 groups were Facebook intervention (Facebook), Facebook
intervention plus text messages (Facebook plus text), and
electronic leaflet (e-leaflet) containing information on calcium
intake (control). The sample size was determined using G*Power
(Version 3.1.9.4, Universität Kiel), a statistical power analysis
software [27]. To detect a mean difference of 125 mg calcium
intake with P=.05 and 90% power, assuming a standard
deviation of 259 mg, a sample size of 45 was required per arm
and increased to 75 to allow for 40% dropout.

Participants
Young adults (males and females) aged 18 to 25 years were
selected as this is the period where peak bone mass development
is reached [28,29]. Inclusion criteria included owning a
smartphone and a Facebook account. Exclusion criterion was
having completed a nutrition course or currently undertaking a
nutrition course on the basis of their high existing level of
nutrition knowledge. In addition, any participants with a food
allergy, known lactose intolerance, or currently taking calcium
supplements (but not multivitamins) or eating disorders were
excluded.
All materials and methods of the intervention were approved
by the Human Research Ethics Committee at the University of
Sydney, Australia. The ethics approval number is 2018/597.
Each participant was reimbursed with an Aus $10 voucher after
completing the final questionnaire. This offer did not impact
the voluntary nature of consent as it was provided after the
intervention finished rather than at the time of consent. The
reporting of outcomes was guided by the Consolidated Standards
of Reporting Trials of Electronic and Mobile HEalth
Applications and onLine TeleHealth checklist [30]. As neither
the primary outcome nor the secondary outcomes were clinical
measurements, the study was not entered into a clinical trials
registry.

Randomization and Concealment
A randomized sequence generation was used to allocate the
participants. The randomization was performed by 2 independent
researchers who were not study investigators.

Recruitment
Recruitment strategies included social media (posts to friends
and paid advertising on Facebook), posting on University
website (volunteer for research study), flyers (on campus
noticeboards), volunteers on a research database (previous
volunteers who took part in nutrition research and agreed for
contact in the future), and active face-to-face recruitment. For
each of the abovementioned recruitment methods, the potential
participant was made aware that participation was voluntary.
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Interested participants accessed the screening questionnaire for
eligibility before joining the study.

CAlcium Nutrition-Dietary Opportunities Program
A theory-informed step-wise approach was used to develop the
CAlcium Nutrition-Dietary Opportunities (CAN-DO) program
using the Behavior Change Wheel system [31]. This framework
posits that an individual requires capability (C), opportunity
(O), and motivation (M) to perform a certain behavior (B) and
includes a series of 9 intervention functions that can be mapped
to the COM-B components [31,32].
The aim was to build relevant knowledge (capability) and
influence beliefs and attitudes to generate intentions for
individuals to change behaviors (reflective motivation). The
details of the intervention functions and relevant behavior
change techniques are presented in Table 1. In brief, the
behavior change techniques included goal setting (behavior),
self-monitoring of behavior, social support (unspecified),
instruction on how to perform a behavior, information about
health consequences, behavior substitution, habit formation,
credible source, and restructuring the physical environment.

https://mhealth.jmir.org/2020/2/e16499

XSL• FO
RenderX

Rouf et al
The content of the intervention was developed in 2 parts. A
range of instructional videos was created to build skills in
cooking calcium-rich, low-cost, and mostly plant-based meals.
These were tested in focus groups for acceptability and refined
based on the feedback (unpublished findings). The next step
was to design text messages and Facebook posts tailored to the
preferences of young adults as indicated in prior formative
research [33]. The intervention content was focused on educating
on calcium-containing food sources and recommended serves,
tips for including more calcium, and recipe videos that provided
instructions on how to incorporate calcium in main meals and
snacks. Text messages were kept short (<160 characters) and
designed to complement the Facebook posts. Text messages
and Facebook posts also reminded participants about setting
goals and tracking progress for habit formation and created
social support via posts and 2-way text messaging. An
infographic was created to inform participants of the
recommendations and set as a cover photo on the Facebook
page (Figure 1). The e-leaflet that was provided to participants
in the control group is shown in Multimedia Appendix 1.
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Table 1. Details of behavior change techniques with an example.
Intervention
function

BCTa,b
code

Name of BCT

Enablement

1.1

Goal setting (behav- Males and females aged between 18 to 30 years should aim
ior)
to consume about 1000 mg or 2.5 serves of dairy and/or
alternatives per day. How much are you having? Check
out this infographic which shows examples of what counts
as a serve and set yourself a goal to have one more serve
per day.

An example of a text message

Hi [insert name], it’s Anika from the
CAN-DOc program. It’s time to set your
goals and start tracking! Have you
downloaded your app and set a goal?
Please reply to this message by typing
YES or NO.

Enablement

2.3

Self-monitoring of
behavior

Calcium intake is low in the Australian population; 44% Hi [insert name], are you still using the
of males and 71% of females aged 18 to 30 years don’t get app to track your goals? Please reply to
enough. Monitoring your progress can be useful when try- this message by typing YES or NO.
ing to establish new habits. You can use the app “Productive” (for iPhones) and “Loop Habit Tracker” (for Android)
to track your intake.

Enablement

3.1

Social support (unspecified)

Have you tried tofu? It is a great alternative to eggs and
can be scrambled together with leftover veggies for breakfast. PS: Do you have any breakfast ideas you’d like us to
share? Let us know what recipes you have tried in the
comments below:)

Hi [insert name], it’s Anika from the
CAN-DO program. Did you check out
the Facebook post yesterday? Give us a
thumbs up if you like it.

Training

4.1

Instruction on how
to perform a behavior

Not only is fish great for heart health, but some varieties
are a good source of calcium. You can opt for canned options such as salmon or sardines that will save you time
and money. Check out this salmon cannelloni recipe for a
delicious way to cook with canned fish.

Hi [insert name], Have you tried any of
the recipes from the cooking videos
we’ve shared so far? Please reply to this
message by typing YES or NO.

Education

5.1

Information about
It is important to get your calcium everyday as it can lower
health consequences your risk of chronic diseases. Here’s a photo of a veggie
platter I created recently. I used the Tzatziki recipe shared
on Monday as a side dip to boost the flavor. Make sure you
give this a go and share your veggie platter with us :)

Hi [insert name], Did you know that
calcium is important for your bone
strength? To up the calcium, why not try
anchovies and vegetables on your pizza.

Enablement

8.2

Behavior substitution

Is takeaway your go-to for work lunch? Try cooking larger
amounts at dinner and taking the leftovers the next day for
a healthier alternative. These delicious stuffed capsicums
contain ricotta and parmesan and taste even better the next
day. You can even use canned salmon to bump up the calcium content.

Hi [insert name], Do you get afternoon
munchies? Why not swap those chips
with some wholegrain crackers and
cheese? Cheese is a great source of calcium and protein, and will help you beat
the 3 pm slump.

Training

8.3

Habit formation

Research has shown that eating breakfast improves your
cognitive function and memory. If you are not a breakfast
eater, it’s time to change and look after yourself! Here’s
an overnight chia pudding recipe for you to try.

Hi [insert name], How much calcium are
you having now? Even if you’ve only
increased a little, WELL DONE! You’re
on your way to healthier habits.

Persuasion

9.1

Credible source

Did you know that low fat dairy products have just as much
as calcium as regular varieties? The Australian Dietary
Guidelines advise that more than 50% of intake from dairy
foods should be reduced-fat varieties. Check out this infographic!

Hi [insert name], Research shows that
having calcium at breakfast increases
your chance of meeting your requirement. Did you have your breakfast today? Reply YES or NO.

Restructuring the
physical environment

Need some meal prep inspiration? Here is a Mac and
Cheese recipe you could try at home. Having pre-prepared
meals in your fridge will help you avoid the temptation of
take-away and keep you on track with healthy eating. TIP:
to save time, you can use multiple containers to store so it
is ready to grab and go for the next day!

Hi [insert name], Some canned varieties
of fish with bones like salmon and sardines are a great source of calcium.
Stock your pantry with canned fish for
a quick calcium-rich sandwich filler.

Environmen- 12.1
tal restructuring

a

An example of a Facebook post

BCT: behavior change technique.

b

BCTs were derived from Behavior Change Technique Taxonomy (version 1).

c

CAN-DO: CAlcium Nutrition-Dietary Opportunities.
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Figure 1. Infographic to inform participants of the recommendations.

Procedures
Interested participants completed a screening questionnaire
hosted on Research Electronic Data Capture (REDCap) [34],
where they could find out more about the study by reading the
participant information statement and check their eligibility.
Participants who were not eligible to participate were provided
with the Australian Dietary Guidelines as a resource. Eligible
participants completed the consent form and proceeded to the
baseline questionnaire. After completing the baseline
questionnaire, each participant was randomized to Facebook,
Facebook plus text, or control group and received an email with
their group allocation. Participants in the Facebook and
Facebook plus text groups were invited to join a closed
Facebook group, where a post was made every alternate day by
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the researcher (AR). The site had a pinned Facebook post used
to ensure that all participants were provided with background
information, which included links to educational resources and
an overview of the intervention. Screenshots of the posts are
shown in Figure 2. The 2 Facebook groups were kept separate
to avoid potential contamination between groups. In addition,
participants in Facebook plus text group were sent text messages
every alternate day to the post. Participants in both intervention
groups were encouraged to set goals using apps available on
iPhone (Productive—Habit Tracker) and Android platforms
(Loop—Habit Tracker) and self-monitor their progress. The
participants in the control group were emailed once with an
e-leaflet on calcium and did not receive any continued support
on social media. This minimal intervention was to maintain
their interest in completing the study.
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Figure 2. Screenshots displaying Facebook posts that included photos, videos and the tracking apps for goal-setting and self-monitoring.

Measurement of Outcomes
Demographic information was collected from all participants,
which included age, gender, educational level, postcode (for
categorizing socioeconomic status), occupation, and income
through a Web-based platform REDCap [34]. The postcode was
used to categorize the socioeconomic status of participants using
Socio-Economic Indexes For Areas (SEIFA) [35]. All outcomes
were assessed at 2 time points, which were at baseline before
commencing the study (T0) and at the end of intervention (T1)
via a Web-based questionnaire on REDCap.
The primary outcome (calcium intake) was estimated using a
validated calcium-specific food frequency questionnaire that
asks about intake over the past week [36]. Milk was measured
in cups, ranging from half a cup to more than 4 cups, and the
https://mhealth.jmir.org/2020/2/e16499
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other calcium-rich foods (30 foods and beverages included)
were measured by weekly frequency of intake only. The
secondary outcomes measured the impact of the intervention
on determinants of calcium intake, which included knowledge
of calcium recommendations and serve sizes, self-efficacy,
motivation for consuming calcium-rich foods, and habit
formation. Knowledge was assessed by a participant’s ability
to identify sources of calcium (maximum of 8), a correct serve
of calcium (maximum of 8), and stating the calcium
requirements for their age group (maximum of 2) using a
researcher-designed questionnaire as no validated questionnaire
could be found. The questions are included in Multimedia
Appendix 2. A 5-item Likert scale questionnaire previously
validated for other dietary behaviors was adapted to measure
self-efficacy for improving calcium-rich food consumption. The
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16499 | p.9
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maximum score possible was 25; a higher score indicated
stronger self-efficacy [37]. Autonomous and controlled
motivation for consumption of calcium was measured using a
4-point scale. The questions were adapted from the
Self-Regulation Questionnaire [38,39], where a higher score
indicated greater motivation (score out of 16). Habit formation
for calcium intake was measured using the validated 4-item
7-point scale Self-Report Behavioral Automaticity Index [40].
A greater score indicated a higher automaticity to perform a
certain behavior.

Engagement and Process Evaluation
Engagement with the platform was measured quantitatively and
qualitatively as research indicates the need to do both [41].
Quantitative measures were obtained from recording Facebook
analytics. After all participants had completed the intervention,
the number of participants who had seen, liked, and commented
on the Facebook posts was recorded. For the Facebook plus text
group, the number of replies to text messages was counted for
each participant, and the content was analyzed using qualitative
methods (see Qualitative Analyses below).
Feedback regarding the acceptability of the program was
collected via open-response questions regarding ease of use,
usefulness of program, likelihood of recommendation to others,
and overall enjoyment using Likert scales (5 being highest).
The other optional questions were related to intervention
experience and uptake of content as well as frequency and
reason for engagement. The last question provided participants
with an opportunity for free text comments.

Statistical Analysis
To account for all participants, an intention-to-treat analysis
with multiple imputations for missing values was used. This
meant that all participants who were randomized at the start of
the trial were retained for analyses. Owing to the large amount
of missing data, 10 imputed datasets were created based on
gender, SEIFA (socioeconomic index), cooking frequency per
week, and baseline intake of primary (milk and calcium intake)
and secondary (knowledge, self-efficacy, motivation, and habit)
outcomes using Stata version 13.1 (StataCorp LP).
The primary outcome of change in milk intake, which was
categorical in number of cups, was compared between 3 groups
using a logistic regression model adjusted for gender, SEIFA,
cooking frequency, baseline calcium (nonmilk), baseline
knowledge, baseline self-efficacy, baseline motivation, and
baseline habit. The quantitative values for change in calcium
intake from other dietary sources were compared using linear
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regression as were the variables for the secondary outcomes of
knowledge score, self-efficacy for change score, and motivation
and habit score, adjusted for gender, SEIFA, cooking frequency,
baseline calcium intake, baseline knowledge, self-efficacy,
motivation, and habit. An analysis using completers-only data
was conducted and is available in the Multimedia Appendices
3-5. The distribution of missing outcome data at both time points
was investigated using counts and percentages across all
sociodemographic variables. Furthermore, separate general
estimating equation (GEE) models for binary data were used
to investigate any relationships between sociodemographic
variables and missingness in each outcome, adjusted for other
sociodemographic variables. An independent samples t test was
used to assess differences in number of views, likes, and
comments for Facebook posts between the 2 groups receiving
the intervention (SPSS for Windows 22.0 software IBM Corp,
released 2013). A P value of less than .05 was considered
statistically significant for all tests.

Qualitative Analyses
The feedback from the final questionnaire was transcribed and
analyzed using an inductive approach where common themes
were grouped together. The NVivo 12 Plus (2018, version
12.2.0; QSR International Pty Ltd) software was used for
thematic analyses.

Results
Participant Characteristics
A total of 270 participants attempted the screener questionnaire.
Of 270 participants, 59 were ineligible for the study or failed
to continue to the baseline questionnaire. A total of 211 young
adults were randomized into 3 groups. The flow of participants
through the trial is shown in Figure 3. The characteristics and
demographics of participants at baseline are presented in Table
2. The mean age was 21.4 years (SD 2.1), and the sample
comprised 30.3% (64/211) males.
The majority of participants (139/211, 65.9%) were enrolled in
tertiary education. Nearly one-third (65/211, 30.8%) of the
participants were in health care for their field of work or study.
Almost two-thirds (134/211, 63.5%) of the participants were
earning less than Aus $500 per week. Nearly half (94/211,
44.5%) of the sample reported themselves as being the main
purchaser of household groceries. The most commonly reported
cooking frequency was less than twice weekly for 37.4%
(79/211) of the young adults.
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Figure 3. Participant flow diagram in the CAlcium Nutrition-Dietary Opportunities study.
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Table 2. Demographics of participants from the CAlcium Nutrition-Dietary Opportunities study.
Baseline characteristics

Facebook (n=65)

Facebook plus text (n=76)

Control (n=70)

Age (years), mean (SD)

21.3 (2.2)

21.6 (2.0)

21.4 (2.1)

Male

22

24

18

Female

43

52

52

Student

38

53

48

Full-time work

15

14

15

Part-time or casual work

10

5

6

Unemployed

2

4

1

Health care

22

20

23

Management or finance

5

7

0

38

49

47

≤Year 12

35

34

37

Certificate or diploma

14

14

13

Bachelor or postgraduate degree

16

27

20

Prefer not to say

0

1

0

Quintiles 1 and 2

20

25

27

Quintile 3

15

29

19

Quintiles 4 and 5

30

21

23

8

19

12

Aus $1-Aus $499 per week (Aus $1-Aus $25,999 per year) 28

32

35

Aus $500-Aus $999 per week (Aus $26,000-Aus $51,999 18
per year)

15

13

More than Aus $500 per week

11

10

10

Myself

36

51

7

Others (partner, parents, and housemate/s)

29

25

63

Less than twice a week

23

29

27

3-4 times per week

24

24

26

5 or more times per week

18

23

17

63.0 (22.4)

59.4 (21.6)

57.6 (22.2)

Gender (n)

Occupation (n)

Field of work or study (n)

Other

a

Highest level of education (n)

Socio-Economic Indexes For Areas (n)

Income per weekb (n)
Nil or negative income

Purchaser of main household groceries (n)

Cooking frequency per week (n)

Rating of own cooking skills (0-100), mean (SD)
a

Some options from the other field of study or work include education, office support and management, food service industry, information technology,
and building or construction.
b

Includes wages/salaries, government benefits, allowances, and other income, excluding tax, superannuation contributions, or any other automatic
deductions.
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Attrition
Overall, 9 participants formally withdrew from the study. All
participants were from the same arm (Facebook plus text) and
opted out by sending a text—an option not available to other
participants who could only opt out passively. The dropout time
ranged from day 1 to day 29. Only 2 participants provided
reasons (ie, lack of interest or time). In total, 148 (148/211,
70.1%) participants completed the final questionnaire but not
necessarily every question.

Outcomes
Results from 209 participants (data from 2 participants could
not be imputed because of incorrect postcodes) are reported in
the following sections. Results using completers-only data are
included in Multimedia Appendices 3-5. The percentage of data
that were missing was approximately 35% for milk intake,
knowledge, self-efficacy, motivation, and habit, but 75% for

calcium-rich foods. This percentage was similar across all
sociodemographic variables. The GEE indicated that females
had lower adjusted odds ratio (OR) than males of have missing
data, adjusted for all other sociodemographic variables. No other
sociodemographic variables were associated with missing
outcome values.

Primary Outcomes
Participants in the Facebook group were 1.51 times more likely
to move to a higher milk category compared with those in the
control group (Table 3). Similarly, those in the Facebook plus
text group were 1.77 times more likely to move to a higher milk
intake category. However, this was not significant (P=.41).
There was no difference in the change in calcium intake from
other foods between groups over the 6 weeks (P=.57; Table 4).
The analysis on completers-only data demonstrated a significant
increase in milk intake in the Facebook plus text messages group
compared with the control group (OR 4.99, 95% CI 1.63-15.28).

Table 3. Change in category of the amount of milk intake from baseline to the end of the intervention for all participants (n=209, using imputed dataset);
overall P=.41.
Groups

Baseline milk intake (%)

Participants who moved Percentage increase
to a higher milk intake (95% CI)
category (%)

Odds ratio of partici- P value
pants moving to a
higher milk intake
category (95% CI)a

<125 mL

125-249 mL

>250 mL

Facebook (n=65)

38.0

36.2

25.9

35.8

22.1-49.6

1.51 (0.61-3.75)

.37b

Facebook plus text
(n=75)

27.7

40.0

32.3

41.2

29.0-53.4

1.77 (0.74-4.24)

.20b

Control (n=69)

37.1

30.3

32.2

28.1

15.8-40.4

Reference

Reference

a

Covariates appearing in the logistic regression model have been adjusted for gender, Socio-Economic Indexes For Areas, cooking frequency, baseline
calcium (except milk) intake, baseline knowledge, baseline habit, baseline motivation, and baseline self-efficacy. The logistic regression model was
not adjusted for baseline milk consumption because everyone in the lower category having to stay the same or increase or everyone in the higher category
having to stay the same or decrease. This resulted in a zero-cell count for these baseline categories in the respective outcome (0=same or decrease and
1=increase).
b

P value is comparison with control as a reference.

Table 4. Change in calcium intake per day in mg (excluding milk) from baseline to the end of the intervention using logistic regression for all participants
(n=209, using imputed dataset); P=.57.
Groups

Mean baseline intake (SE)

Mean changea (SE)

Facebook (n=65)

234.3 (25.0)

7.1 (39.1)

Facebook plus text (n=75)

271.9 (33.5)

65.5 (48.4)

Control (n=69)

226.4 (26.8)

43.0 (30.7)

a

Covariates appearing in the linear regression model have been adjusted for gender, Socio-Economic Indexes For Areas, cooking frequency, baseline
milk intake, baseline calcium intake, baseline knowledge, baseline habit, baseline motivation, and baseline self-efficacy.

Secondary Outcomes
Changes in secondary outcomes are reported in Table 5. The
answers to the knowledge questions were combined together
as an overall knowledge score. The change in knowledge was
significant between the groups (P<.001). Those in the Facebook
plus text intervention arm had a greater improvement in mean
score compared with those in the Facebook and control groups.
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No significant difference between groups was observed for
motivation (P=.79) or self-efficacy (P=.31). For habit formation,
a significant group effect was observed (P=.01), with Facebook
plus text group having the least increase in score. The
improvement in knowledge in the Facebook plus text messages
group was also found with completers-only analysis (P=.04).
The effect on habit formation was not shown in the
completers-only analysis.
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Table 5. Change in secondary outcomes from baseline to the end of the intervention for all participants (n=209, using imputed dataset).
Outcome

Facebook

P valuea

Facebook plus text

Control

Mean change
(95% CI)

Mean baseline
value (SE)

Mean change
(95% CI)

Mean baseline
value (SE)

Habit formation score (out of 15.7 (0.7)
28)

3.5 (1.6 to 5.3)

16.4 (0.8)

0.5 (0.93 to 2.0) 15.3 (0.8)

3.4 (1.7 to 5.2)

Overall knowledge score (out 6.7 (0.3)
of 18)

1.6 (0.6 to 2.5)

6.3 (0.3)

2.9 (2.0 to 3.8)

6.6 (0.3)

0.2 (−0.7 to 1.1) <.001

Motivation score (out of 16)

10.4 (0.4)

1.0 (0.3 to 1.7)

10.4 (0.3)

1.0 (0.3 to 1.8)

10.5 (0.3)

1.1 (0.4 to 1.9)

Self-efficacy (out of 25)

19.4 (0.6)

1.2 (−0.1 to 2.4) 19.5 (0.5)

Mean baseline
value (SE)

0.5 (−0.8 to 1.8) 17.8 (0.6)

Mean change
(95% CI)
.01

.79

1.0 (−0.4 to 2.4) .31

a

Covariates appearing in the linear regression model have been adjusted for gender, Socio-Economic Indexes For Areas, cooking frequency, baseline
milk intake, baseline calcium intake, baseline knowledge, baseline habit, baseline motivation, and baseline self-efficacy.

comments on posts, whereas 4 participants in the Facebook plus
text group commented on posts.

Engagement
Facebook Posts and Text Messages
Table 6 shows the engagement with Facebook posts. More
participants in the Facebook plus text intervention than those
in the Facebook intervention viewed the posts and liked them
(P<.001 for both). In the Facebook group, 3 participants made

For the Facebook plus text group, the mean number of replies
from participants was 3.8 out of a maximum 21 (range 1-18).
Of 75 participants, 12 made no reply texts (1 participant gave
a wrong phone number, and texts could not be delivered). The
highest number of replies was to the yes/no response as to
whether they had set a goal on the app (n=22).

Table 6. Engagement with the program on Facebook.

a

Engagement recorded on Facebook per post

Facebook, mean (SD)

Facebook plus text, mean (SD)

P valuea

Seen by

19.9 (3.6)

26.9 (5.0)

<.001

Likes

1.1 (1.4)

3.6 (2.4)

<.001

Comments

0.1 (0.5)

0.2 (0.9)

.41

Conducted using an independent samples t test.

Process Evaluation
The majority of participants (n=133) completed the process
evaluation questions, and Table 7 shows that there were no
differences between intervention groups as to ease of use, their
liking, likelihood of recommending it to others, or usefulness
of the program. Participant responses in relation to message
reading and interactions are included in Multimedia Appendix
6.
The thematic analysis with representative quotes is tabulated
in Multimedia Appendix 7. The themes were grouped into ease
of use, raised awareness, increased intake, feedback on recipes,
reasons for reading/posting, and suggestions for improvement.
Any comments that did not fit into these 5 groups were labeled
as general feedback. There was a divergence of opinion on the
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ease of use, with some participants suggesting it was easy to
follow, and others had more difficulty understanding and wanted
more feedback. Successful participants shared their
accomplishments in achieving their goals. The feedback on the
recipes was overall positive, but some participants admitted
they never prepared any of them. The majority of respondents
chose not to share posts with reasons being they were uncertain
they could add anything extra to the conversation or they did
not feel comfortable with sharing. Some of the suggestions for
improvement under general feedback included using an alternate
platform that allows for active chat between members, sending
text messages more frequently to check up on their progress,
completing surveys weekly to track progress, and organizing
meetings in person. Most participants viewed the notifications
as a gentle and helpful reminder, whereas some found it
intrusive.
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Table 7. Process evaluation of the CAlcium Nutrition-Dietary Opportunities study on intervention experience.

a

Questions askeda

Facebook (n=45), rating
(mean [SD])

Facebook plus text (n=44),
rating (mean [SD])

Control (n=44), rating
(mean [SD])

How easy was it to follow the program?

3.80 (0.89)

3.73 (1.25)

4.0 (0.96)

How much did you like the program?

3.54 (0.89)

3.57 (1.15)

3.82 (0.92)

How likely are you to recommend it to others?

3.41 (1.03)

3.50 (1.25)

3.80 (1.02)

How useful was the program to you?

3.35 (0.98)

3.57 (1.11)

3.57 (1.10)

Participants were asked to rate on a scale of 1 to 5 (5 being highest).

Discussion
Principal Findings
This study showed that a 6-week intervention to increase
calcium intakes tailored to young adults delivered using a social
media platform and text messages was successful in improving
knowledge about calcium-rich foods. However, this did not
result in a significant increase in calcium-rich food and beverage
intakes. The Facebook intervention delivered alone failed to
show knowledge improvement, but engagement with the social
media was significantly less than that in the intervention arm
receiving text messages and might explain the disparate finding.
Other reasons for the difference might be that the additions of
texts appear to provide a more personalized program, and the
need to reply to some messages engenders accountability and
perception of monitoring by the staff delivering the intervention.
The findings of a successful outcome from the combined
intervention arm concur with the earlier findings of a weight
loss program delivered to overweight and obese college-aged
students. Over 8 weeks, topics (1 per week) about weight loss
were posted on Facebook, and the other intervention arm
additionally received text messages with personalized feedback
each week [20]. Although our text messages were generic, the
participants’ names were included, and they were written in the
Generation Y tone for which young adults had previously
expressed a preference [33]. The texts provided additional
prompts to set goals and self-monitor their own behavior with
some further education and persuasion. These 2 behavior change
techniques have been demonstrated to result in behavior change
[42].
Few dietary changes occur as a result of education alone, but it
was indicated as a necessary antecedent to behavior change in
this demographic based on our previous focus group findings.
Although the Facebook plus text group improved knowledge,
the overall score remained quite low, with the mean score only
reaching 50% correct answers. Another barrier to improving
calcium intakes seemed to stem from lack of motivation, with
all groups scoring similarly at baseline (10 out of 16), with
uniform small improvement at the end of the intervention. In
future programs, more planning around the inclusion of other
techniques to improve reflective motivation may be needed.
Coercion, persuasion, and incentivization could be possible
solutions [31]. Social media platforms readily offer the capacity
for monitoring of an individual’s behavior by others, and social
comparison could be applied to intake of calcium-rich foods in
this case. The vacillation might be that members are
uncomfortable with sharing information with others as seen
https://mhealth.jmir.org/2020/2/e16499
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here in the replies to the process evaluation. The lack of posts
made by group members is also indicative that such an approach
may not work to positively influence motivation. Further
research to understand what would allow participants to be
relaxed with sharing dietary information in a nutrition
intervention is desirable. With regard to incentivization and
rewards, an earlier qualitative study with young adults for the
co-design of an intervention to improve vegetable intakes
reported that self-rewards were unlikely to motivate them as it
required too much self-organization, so social or material
rewards may be a better choice [21].
The validity of the food frequency instrument to measure
changes in the primary outcome of calcium from milk and other
foods in this population must also be questioned. Any self-report
tool is always subject to participant bias [43]. In addition, this
tool may not possess sufficient precision to detect small changes
in intakes, as milk intakes are categorized in cups from half a
serve of dairy to 4 or more serves of dairy. The calcium-specific
food frequency questionnaire was selected rather than other
tools as the burden of completion was low, but it does serve to
rank individuals rather than assess absolute intake, and hence,
the OR of increasing category of intake was used here.
Improvements in calcium intake were not achieved, but the
retention and engagement in the social media intervention were
substantial for an electronically delivered intervention [44].
Overall, 70% of the sample was retained, and more than half
of the participants viewed the posts. Previous studies report
large attrition and declining engagement in social media
interventions for improving health behaviors [45]. A strength
of the CAN-DO study was the formative research conducted to
inform program design and materials [33]. The components
were generally well received, and the recipe videos commended.
Among the limitations of this study was the overrepresentation
of females comprising 70%, but this is not uncommon in
nutrition studies even when males are equally targeted. In
addition, in the case of calcium, it is females who are more
likely to have inadequate intakes, so the population participating
was appropriate. Some participants who did not do their own
grocery shopping and cooked infrequently may have lessened
the opportunity to alter their meals and snacks. The length of
the program may have been too short to see the changes in
knowledge translate into changes in consumption of
calcium-containing foods, and intakes were only measured at
2 time points. An intervention delivered to university students
that included a face-to-face session followed by text messages
for 10 weeks did show increases in calcium intake [46]. In the
future, a longer intervention might be appropriate. Finally, to
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16499 | p.15
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include the largest number of participants, multiple imputation
was used. This increases the variance in the estimate and a more
conservative interpretation of results than completers-only
analysis.

Conclusions
The CAN-DO study was found to be feasible to deliver in our
selected target population. Our qualitative results from the
process evaluation mostly indicate that participants enjoyed the
program. However, the quantitative result shows that 1 (change

Rouf et al
in knowledge) out of 5 outcomes improved in the Facebook
plus text messages group only. The CAN-DO study has provided
valuable insights into the process of disseminating a social
media intervention for young adults, and a number of changes
to program design are indicated to improve motivation. The
lack of interaction between the members of the groups requires
research to discover how to facilitate members to post and
provide social support. This is important as it appears that the
social interaction between the interventionist and participants
via the text messages results in better outcomes.
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Abstract
Background: There is a growing body of evidence highlighting the potential of mobile health (mHealth) in reducing health
care costs, enhancing access, and improving the quality of patient care. However, user acceptance and adoption are key prerequisites
to harness this potential; hence, a deeper understanding of the factors impacting this adoption is crucial for its success.
Objective: The aim of this review was to systematically explore relevant published literature to synthesize the current
understanding of the factors impacting clinicians’ adoption of mHealth tools, not only from a technological perspective but also
from social and organizational perspectives.
Methods: A structured search was carried out of MEDLINE, PubMed, the Cochrane Library, and the SAGE database for studies
published between January 2008 and July 2018 in the English language, yielding 4993 results, of which 171 met the inclusion
criteria. The Preferred Reporting Items for Systematic Review and Meta-Analysis guidelines and the Cochrane handbook were
followed to ensure a systematic process.
Results: The technological factors impacting clinicians’ adoption of mHealth tools were categorized into eight key themes:
usefulness, ease of use, design, compatibility, technical issues, content, personalization, and convenience, which were in turn
divided into 14 subthemes altogether. Social and organizational factors were much more prevalent and were categorized into
eight key themes: workflow related, patient related, policy and regulations, culture or attitude or social influence, monetary factors,
evidence base, awareness, and user engagement. These were divided into 41 subthemes, highlighting the importance of considering
these factors when addressing potential barriers to mHealth adoption and how to overcome them.
Conclusions: The study results can help inform mHealth providers and policymakers regarding the key factors impacting
mHealth adoption, guiding them into making educated decisions to foster this adoption and harness the potential benefits.
(JMIR Mhealth Uhealth 2020;8(2):e15935) doi:10.2196/15935
KEYWORDS
telemedicine; smartphone; cell or mobile phone; electronic health record; workflow; workload; workplace; public health practice;
technology; perception; health education; mHealth; mobile health; telehealth; eHealth

Introduction
Mobile health (mHealth) is one of the key areas of medical
technology innovation that hold promise for reduction of cost,
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enhancement of health care access, and improvement in the
quality of patient care [1-5]. It is also helping to shift the focus
of health care to a more patient-centric model that goes beyond
treating disease to a more predictive and preventative approach
[6,7].
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Although the body of evidence that proves the potential value
of mHealth is growing, there are still cases where users, mostly
clinicians, resist its adoption [8]. For example, scholars in the
area of mHealth adoption, such as Gagnon et al [9], found in a
previous systematic review that, in reality, many studies reported
that health care professionals perceive factors such as mHealth
cost more as a barrier than a facilitator. Furthermore, Brewster
et al [10] reported in their systematic review on the same topic
that clinicians perceive some negative impacts of mHealth on
elements such as their credibility and autonomy, affecting staff
acceptance of such tools. This should not be overlooked, given
that previous research shows that clinicians’ adoption is one of
the most influential factors regarding the success of mHealth
tools [11-15]; hence, the need and value of better understanding
the factors impacting clinicians’ adoption in this context.
The World Health Organization’s global observatory of
electronic health (eHealth) considers mHealth a subcategory of
eHealth and defines it as “medical and public health practice
supported by mobile devices, such as mobile phones, patient
monitoring devices, Personal Digital Assistants (PDAs), and
other wireless devices.” Telemedicine is, in turn, a subcategory
of mHealth and defined as “the communication or consultation
between health professionals about patients using voice, text,
data, imaging, or video functions of a mobile device. But it can
be applied to other situations; the management of chronic
diseases of patients living at home is one example.” [16].
According to the diffusion of innovations theory [17],
technology adoption studies should look into not only users’
acceptance or rejection of specific innovations but also to what
extent innovation is incorporated into a suitable context. Straub
[18] examined the most prevalent technology adoption
theories—Rogers's innovation adoption and diffusion theories,
the Concerns-Based Adoption Model, the Technology
Acceptance Model (TAM), and the unified theory of acceptance
and use of technology (UTAUT)—and concluded that the
process of user adoption of new technologies is complex,
fundamentally social, and progressive. This complexity results
from the users’ unique views of technology that impact their
decision to adopt or reject new technology, highlighting the
importance of considering social and organizational factors to
enable the successful adoption of new technological tools.
We were guided in our thinking about technology adoption by
the field of social studies of technology; we view technology,
roles, and practices and organizational structures as interacting
parts of a mutually constituting ensemble of elements [19-22].
It follows that it is not simply a matter of factors affecting the
decision to adopt a technology or not but also of the use of
technologies enabling and triggering new forms of organizing
and new work practices [23,24]. A mutually constituting
sensibility alerts the researcher to the fact that the adoption of
technology can be part of a deliberate change process and can
result in new practices and different uses and interpretations of
the technology itself. We are mindful of how such things as
organizational culture and existing roles and practices are
implicated not just in the decision to adopt but how the decision
to adopt can lead to experimentation with new practices and
organizational forms. The scope of our literature review engages
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in more depth with these broader concerns and interests than
previous reviews.
A systematic review of relevant literature was carried out to
provide an accurate and up to date account of factors that impact
clinicians’ adoption of mHealth tools both from a technology
and a social and organizational perspective. This work
complements a larger ongoing research project and supplements
its initial findings, which have already been published [25].
In light of Leonardi’s Methodological Guidelines for the Study
of Materiality and Affordances [22], the authors analyzed the
included studies following three key steps: (1) identifying utility
and limitations of the studied solutions, (2) recognizing the real
constraints upon opportunities faced by clinicians when using
them, and (3) understanding the workflow advantages and
disadvantages related to them, as reported in the included
articles.
Findings from this review should benefit mHealth providers
and policymakers by presenting them with an up to date and
comprehensive review of key factors impacting clinicians’
adoption of mHealth tools, as reported in the academic literature.
This can inform and guide them in the development of a strategy
for promoting the adoption of these tools and enable them to
realize their potential benefits.

Methods
Overview
The methods for this review were drawn from the Preferred
Reporting Items for Systematic Review and Meta-Analysis
(PRISMA) guidelines [26]and the Cochrane Handbook [27],
both of which provide guidance toward a rigorous and reliable
literature review methodology. The review methods were
defined in advance and the protocol was published in the
PROSPERO (International Prospective Register of Systematic
Reviews) and is available on their website [28]. The analysis
did not necessitate any major divergence from the initial
protocol.
The key question that guided this review was the following:
“According to the literature, what are the social, organizational
and technological factors impacting clinicians' adoption of
mHealth tools?”

Search Strategy
A search of MEDLINE, PubMed, the Cochrane Library, and
the SAGE database in August and September 2018 identified
the relevant studies. The scope was narrowed to studies
published in the English language between January 2008 and
August 2018. Only original, peer-reviewed, and published
papers were included. Other forms, such as editorials,
unsystematic reviews, interviews, comments, unstructured
observations, and position papers, were excluded.
It was decided not to include articles on the basis of on hand
searches of reference lists for causes summarized in the
Cochrane Handbook: “positive studies are more likely to be
cited” and “retrieving literature by scanning reference lists may
thus produce a biased sample of studies” [27].
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The search string shown in Figure 1 was developed according
to the participants, intervention, comparators, and outcome
(PICO) framework [29]. There were no limitations on the kinds
of conditions qualified for inclusion, and both qualitative and
quantitative studies were included. Comparators were not
applicable to this study. Participants (Clinicians) included
studies focusing on clinicians and health care professionals. For
the review, the Merriam-Webster dictionary’s definition of the

Jacob et al
word clinician was used: “a person qualified in the clinical
practice of medicine, psychiatry, or psychology as distinguished
from one specializing in laboratory or research techniques or
in theory” [30]. Interventions (mHealth) included studies
involving smart device use, such as mHealth apps or telehealth.
Outcomes (Adoption) included studies addressing the factors
impacting mHealth technology adoption or use.

Figure 1. The search string according to the participants, intervention, comparator, and outcome (PICO) framework. mHealth: mobile health.

Study Selection
Independent researchers, CJ and ASV, were involved in the
screening, eligibility, and inclusion phases, and any divergences
were agreed in discussion between the 2. In the cases where
they could not reach an agreement, a third reviewer, CI,
discussed it with them and took the final decision. The research
team used the open-source app Rayyan QCRI (Qatar Computing
Research Institute) to facilitate collaborative screening by the
team [31]. Screening lasted from August 2018 to February 2019.
A screenshot of the app is included in Multimedia Appendix 1.
The inclusion and exclusion criteria, detailed in Textbox 1, were
also developed according to the PICO framework. Studies were
excluded if they did not involve the use of mHealth or smart
devices; focused solely on, for example, patients, caregivers or
technology providers, not including clinicians; were not
peer-reviewed; were editorials, interviews, comments,
unstructured observations, or position papers; did not address
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the factors impacting adoption; or if the full text was not
available, freely available, or available in English.
After completing the screening, and resolving any conflicting
views between the researchers, the selected full texts were
assessed for eligibility by CJ and AV, independently. Any
disagreements were resolved by discussing with CI.
Subsequently, the risk of bias was assessed using the Critical
Appraisal Skills Program tool [32]. The checklist is included
in Multimedia Appendix 2, and an Excel sheet with the appraisal
of the included studies can be accessed in Multimedia Appendix
3. On the basis of the appraisal, 38 out of the 171 studies did
not report a clear participant recruitment strategy, 40 papers did
not give enough details on their data collection techniques, 76
did not clarify how they addressed potential ethical
considerations, and 25 were not clear enough about their data
analysis strategy and whether it was sufficiently rigorous.
Articles were not excluded on the basis of technical quality to
enable the researchers to capture both theoretical and empirical
contributions from the published studies.
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Textbox 1. Inclusion and exclusion criteria according to the participants, intervention, comparator, and outcome (PICO) framework.
Population (P)
•

Include: Focused on health care professionals (eg, physicians and nurses).

•

Exclude: Focused only on patients, caregivers, or technology providers.

Intervention (I)
•

Include: Focused on solutions involving a smart device (eg, mHealth apps and telehealth).

•

Exclude: Using other technologies (eg, virtual reality and machine learning).

Comparators (C)
•

Does not apply.

Outcome (O)
•

Include: Addresses factors impacting clinicians’ adoption, acceptance, use, experience, implementation, usability, or attitude of using mHealth
for health care service delivery, regardless of the condition.

•

Exclude: Focused only on mHealth success or development in general.

Publication type
•

Include: Original, peer-reviewed, and published paper.

•

Exclude: Editorials, interviews, comments, unstructured observations, and position papers, or similar publications.

Data Collection and Synthesis
The variety of measures and outcomes that were identified in
the included articles were not homogenous enough to enable a
quantitative synthesis of the data. Therefore, a narrative
synthesis was used and structured around the organizational
and technological factors impacting clinicians’ adoption of
mHealth solutions. QSR NVivo, a computer-assisted qualitative
data analysis software, was used to assist in this task.
Data coding began with an initial data extraction grid that
included themes based on previous research and technology
acceptance frameworks; more themes were added as they
emerged during the review process. Braun and Clarke’s thematic
analysis [33] was used to identify and extract themes that
addressed the review’s research question. The phases of the
thematic analysis are explained in detail in Multimedia
Appendix 4.
The research themes were also guided by Leonardi’s
Methodological Guidelines for the Study of Materiality and
Affordances [22]; hence, they were split into two key groups,
on the one hand, the technological factors, and on the other the
social and organizational factors. There was an additional
category for implications for social and organizational practices.
This process lasted from February to July 2019.
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Results
Overview
As shown in the study selection flow diagram, visualized in
Figure 2, the search string yielded a total of 4993 studies, out
of which 3516 from PubMed, 1296 from SAGE, and 181 from
the Cochrane database. From these, 1156 studies were excluded
after limiting the scope to studies published in English and
published after January 2008, leaving 3837 studies for screening.
Screening of the titles and abstracts excluded another 3458
articles because 493 of them did not involve mHealth or smart
devices, 531 focused solely on nonclinician populations such
as patients, caregivers, or technology providers, 271 were
editorials, interviews, comments, unstructured observations,
position, or non–peer-reviewed papers, 2 were not available as
full text, 2 were not available in English, 2119 did not address
factors impacting adoption, and 40 were duplicates.
In the eligibility phase, 338 articles were included for full-text
assessment. In total 167 articles were excluded for the following
reasons: 28 for not involving mHealth or smart devices; 9 for
focusing solely on nonclinician populations such as patients,
caregivers, or technology providers; 6 for being either, editorials,
interviews, comments, unstructured observations, position, or
non–peer-reviewed papers; 4 because the full text was not
available; and 120 for not addressing the factors impacting
adoption. This resulted in the inclusion of 171 studies in the
qualitative synthesis.
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Figure 2. Study selection flow diagram on the basis of the Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) guidelines.

Characteristics of Included Studies
The sample characteristics of the included articles are detailed
in Table 1. Overall, 62 studies focused on clinicians, 41 on
physicians, 21 on nurses, and 46 included clinicians and other
populations such as patients or caregivers. From a specialization
perspective, some were more represented than others in the
included studies; 17 studies focused on primary and acute care,
12 on chronic obstructive pulmonary disease, or congestive
heart failure, or cardiovascular disease, 10 on diabetes, 9 on
general and family practices, 8 on psychology and mental health,
whereas the other specialties were represented four times or
less in the included studies.
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The majority of the publications did not mention the use of a
theoretical framework. Among those that used one, the TAM
was the most common (n=19), followed by the theory of
diffusion of innovation (n=11), and the UTAUT (n=6). Other
models were used once or twice, as detailed in Table 1. From
a geographical perspective, 38 studies were conducted in the
United States, 22 in the United Kingdom, 15 in Australia, 9 in
Canada, 7 in Germany, 7 in Spain, whereas other geographies
were covered in 4 studies or less.
Finally, 31 studies were identified as pilot projects. Such studies
can be particularly relevant to mHealth providers when rolling
out a new tool, as they provide insights into the potential
teething problems that they can avoid to have better chances
for success.
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Table 1. Characteristics of included studies.
Study characteristic

References

Study Design
Qualitative (n=64)

[1,2,4,34-94]

Quantitative (n=58)

[3,95-150]

Mixed methods (n=32)

[151-181]

Systematic review (n=11)

[5,9,10,182-189]

Others (n=5)

[8,190-193]

Sample size
Less than 10 (n=8)

[67,71,76,85,88,93,171]

10-20 (n=41)

[1,2,4,10,34,37,39,40,42,46,49,50,54,56,57,61,63-66,68,72,75,79,80,82,86,89-92,141,150,154,157,163,
180,181,183,193,194]

21-40 (n=30)

[9,35,36,41,44,45,47,51,53,55,60,62,69,70,73,74,77,78,81,95,101,110,131,135,155,165,166,172,176,195]

41-60 (n=11)

[3,48,52,58,59,84,119,153,156,175,192]

61-80 (n=8)

[38,87,114,115,137,174,191,196]

81-100 (n=5)

[97,132,146,160,179]

More than 100 (n=61)

[8,43,83,96,98-100,102-109,111-113,116-118,120-130,133,134,136,138-140,142-145,147-149,151,152,158,159,
161,162,164,167-170,173,177,190]

Sample composition
Clinicians (n=62)

[9,35,36,40,45,47,53,55,56,60-62,64,66,67,69,70,73-75,79,81,82,85,86,90,91,93,97,98,101,104,106,
107,110,112,119,120,126,130,131,137-139,141,145,147,148,154,159,164,168,171,179,180,186,189,191,193,194]

Clinicians plus others (eg, patients) (n=46) [2,4,5,8,34,38,41,43,48,51,52,58,59,68,78,83,84,87,92,94,103,115,117,151-153,155-158,160,162,163,166,167,169,
174,176-178,182-184,187,192,195]
Physicians (n=41)

[1,3,37,39,46,49,50,54,77,89,95,99,100,102,105,108,113,114,116,118,121-123,125,127-129,132-134,136,140,143,
144,149,150,161,165,170,175,190]

Nurses (n=21)

[10,42,44,63,71,72,76,88,96,109,111,124,135,142,146,172,173,181,185,188,196]

Specialty or condition
Primary or acute care (n=17)

[1,42,43,48,59,68,72,94,103,130,132,139,169,183,184,187,192]

Chronic obstructive pulmonary disease,
[10,41,52,71,78,80,83,97,104,108,119,164]
congestive heart failure, and cardiovascular disease (n=12)
Diabetes (n=10)

[38,51,75,88,92,115,125,147,160,162]

General and family practice (n=9)

[39,49,89,102,117,121,128,134,144]

Psychology and mental health (n=8)

[2,73,81,90,112,153,166,194]

Dermatology (n=4)

[1,54,126,152]

Substance use recovery (n=4)

[61,67,158,167]

Residential aged care, home health nursing [146,156,171,182]
(n=4)
Pediatric, maternal (n=4)

[57,74,141,168]

Neurology, stroke (n=4)

[69,123,150,176]

Intensive care unit (n=4)

[109,111,186,188]

Asthma (n=3)

[70,77,84]

Oncology (n=3)

[53,155,180]

Sexual health, HIV (n=3)

[138,163,177]

Others (n=13)

Ambulatory care [149], cognitive behavioral therapy [120], emergency [159], genetics [91], geriatrics
[40,60], hypertension [5], nephrology [87], obesity and irritable bowel syndrome [36], otolaryngology
[100], radiology [131], speech-language pathology [50], tuberculosis [58]
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References

Location
The United States (n=38)

[1,2,36,45,53,54,57,60,61,67,68,75,77,88,93,99,102,109-112,120,121,123,127,137,138,141,159,166-169,
173,194-196]

The United Kingdom (n=22)

[10,41,43,48,49,55,62,70,71,79,80,83,94,115,124,154,163,165,174,176,179,180]

Australia (n=15)

[39,42,50,51,69,73,81,91,92,103,153,156,161,164,171]

Canada (n=9)

[3,52,76,78,87,146,155,178,192]

Germany (n=7)

[100,108,117,134,135,149,150]

Spain (n=7)

[59,97,122,126,132,139,143]

Norway (n=4)

[85,86,89,90]

South Korea (n=4)

[8,107,114,129]

Sweden (n=4)

[46,72,82,175]

Austria (n=3)

[98,160,191]

Iran (n=3)

[131,147,170]

The Netherlands (n=3)

[84,142,152]

Taiwan (n=3)

[35,113,116]

Others (n=39)

Argentina [44], Australia–United Kingdom [65], Austria–Sweden [140], Bangladesh [56], Belgium
[162], Brazil [37], Congo [193], Ethiopia [105], Europe [66,119], France [40,128], Ghana [74], Iraq
[95], Israel–Portugal [34], Italy [158], Japan [125], Japan–Sweden [104], Jordan–Syria [151], Lebanon
[190], Malaysia [145], Nepal [4], the Netherlands–Spain–United Kingdom [38], New Zealand [63,172],
Nigeria [106], North America–Europe [130], Poland [96], Portugal [157], Russia [58], Senegal [118],
South–North America [148], Spain–Colombia–Bolivia [133], Sri Lanka [47], Switzerland [181],
Syria [101], Turkey [136,144], the United States–South Africa–Thailand–Peru [177]

Theoretical framework
TAMa was the most used theoretical
framework (n=19)

[90,97,102,111,126,127,129,132-136,139,146,149,168,170,173,196]

The theory of diffusion of innovation
(n=11)

[47,52,73,115,120,127,133,134,138,175,196]

UTAUTb (n=6)

[38,98,106,107,142,181]

Others (n=23)

Affordability, practicability, effectiveness, acceptability, safety or side effects, and equity criteria
[39]; Consolidated Framework for Implementation Research [61,86,166]; design science research
methodology [157]; Giddens’s concepts from structuration theory and consequence of modernity
[79]; organizational readiness for change model [168]; organizational theory of implementation effectiveness [169]; reach, effectiveness, adoption, implementation, and maintenance framework [167];
sociotechnical theory [94,192]; stakeholder empowered adoption model [174]; the technology-organization-environment framework [95]; technological frames [46]; the dual-factor model [116]; the
normalization process theory [65]; theory of change [176]; theory of planned behavior [113,132];
theory of reasoned action [132,133]; theory of technology readiness [133]; Updated DeLone and
McLean Information System Success Model [125]

Pilot projects
Studies identified as pilot projects (n=31) [43,48,53,66,68,74,78,87-89,94,95,98,112,114,126,137,139,158,162-167,171,174,176,181,192,193]
a

TAM: Technology Acceptance Model.

b

UTAUT: unified theory of acceptance and use of technology.

Technological Factors
The technological factors impacting clinicians’ adoption of
mHealth were categorized into 8 key themes: usefulness, ease
of use, design, compatibility, technical issues, content,
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personalization, and convenience. These were, in turn,
subdivided into a total of 14 subthemes. Figure 3 gives an
overview of these technological factor themes and subthemes
and their respective occurrence.
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Figure 3. Overview of technological factors and their occurrence. EHR: electronic health record.

Technical issues were the most prominent factors, often related
to matters such as connectivity (n=17), reliability (n=21),
technical support (n=27), and technical difficulties in general
(n=38). Features determining usefulness, such as expected
benefits, performance expectancy, and added value, were also
among the most prominent technological factors in the selected
studies (n=64). Ease of use, determined by features such as
effort expectancy and usability, was also quite central (n=55).
Furthermore, several studies raised some concerns related to
compatibility, such as interoperability issues (n=31), electronic
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health record (EHR) integration (n=20), and competition with
existing programs (n=1).
Some design-related factors were also cited, such as layout,
interface, culturally appropriate design (n=11), and the
importance of patient-centered design (n=11). The tools’
convenience, determined by its level of mobility and flexibility,
also played a role (n=17), in addition to the trustworthiness and
quality of the content (n=15), and personalization possibilities
through customization and adaptability (n=7). Table 2 details
the technological factors impacting adoption, their occurrence,
and the respective studies where they were identified.
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Table 2. Technological factors and their occurrence, with references.
Factor and subthemes

References

Technical issues
Technical difficulties (n=38)

[2,9,37,41-44,51,54-56,61,74,75,82,83,86,90-92,101,109,115,128,150,156,162,163,
165,172,177,181,182,186,188,189,194,197]

Technical support (n=27)

[2,9,10,44,49,51,57,63,68,71,72,79,80,90,92,95,97,98,126,136,139,144,153,154,174,
185,189]

Reliability (n=21)

[9,10,35,36,44,49,50,55,69,79,91,92,96,108,117,140,152,153,163,177,182]

Connectivity (n=17)

[37,38,44,50,51,55,68,74,91,95,124,130,153,164,172,181,182]

Usefulness
Benefit, performance expectancy, and added value (n=64)

[5,9,34,35,38,39,45,47,50,55,60,61,63,64,67,69,78,84-86,89,90,95,98,105-108,111,
112,114-117,122,125-127,129,132,134-136,139,141-147,149,150,153,156,158,163,168,170,172,
173,179,188,189]

Ease of use
Effort expectancy and usability (n=55)

[4,5,9,10,38,42,44,52,59-61,69,70,72,73,78,81,84,86-89,92,105,106,110-112,116,
120,122,126,129,132,136,141,144,146,149,155,156,158,166,168,170-173,179,181-183,
185,189,192]

Compatibility
Interoperability (n=31)

[2,9,10,34-36,41,53,54,59,61,66,70,72-74,80,87,95,127,128,134,139,156,165,169,172,174,
184,186,196]

Electronic health record integration (n=20)

[9,38,48,72,78,84,85,87,129,143,151,162,167,172,174,175,182,188]

Competition with existing programs (n=1)

[169]

Design
Layout, interface, and culturally appropriate design (n=11)

[9,38,41,60,73,78,83,155,171,182]

Patient-centered design (n=7)

[39,77,78,159,162,166,182]

Convenience

[5,61,68,73,75,78,82,89,91,116,124,131,136,161,162,165,173]

Mobility and flexibility (n=17)
Content

[9,38,48,59,66,73,81,114,117,124,144,154,165,175,192]

Trustworthiness and quality (n=15)
Personalization

[38,70,72,84,124,181,192]

Customization and adaptability (n=7)

Social and Organizational Factors
The social and organizational factors impacting clinicians’
adoption of mHealth were manifestly more numerous than the
technical factors. These factors were also categorized into 8 key
themes: workflow related, patient related, policy and regulations,
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culture or attitude or social influence, monetary factors, evidence
base, awareness, and user engagement. Key themes were, in
turn, divided into a total of 41 subthemes, as shown in Figure
4, which provides an overview of the social and organizational
factors and their respective occurrence.
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Figure 4. Overview of social and organizational factors and their occurrence. mHealth: mobile health; KOL: key opinion leader.

Workflow-related factors were the most prominent
organizational factor in the included articles, with 17 subthemes.
Training (n=80) was the most central workflow-related theme,
followed by workload (n=66), workflow fit (n=60), time and
cost efficiencies (n=51), collaboration and coordination (n=50),
technical skills and experience (n=44), the impact on roles and
responsibilities (n=40), the extent of leadership support (n=35),
organizational or local infrastructure (n=33), process
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standardization and planning (n=26), staff competence (n=26),
data access and management (n=25), changes to clinical practice
(n=24), job security (n=22), incentives (n=15), impact on career
and knowledge expansion (n=13), and decision making (n=8).
Table 3 details the subthemes of the workflow-related factors
impacting adoption, their occurrence, and the respective studies
where they were identified.
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Table 3. Workflow-related factors and their occurrence, with references.
Factor

Subthemes

References

Training (n=80)

Clinicians’ training to enable an efficient use and [2,4,9,10,37,42-44,49,50,52-56,59,61,62,65,68,70-74,77,79-81,
management of the tools
83,85,89,90,92-94,96,97,103,104,111,112,120,122,126,128,129,
136,139,142,143,149-154,156,158,162,165,166,168-173,176,179,182,
183,185-189,191,194]

Workload (n=66)

Availability and allocation of resources

Workflow fit (n=60)

Improvements versus disruptions of the workflow [1,8-10,36,39,40,46,48,53,57,59,61,67,70,72-74,78,80,81,83-89,94,
and organization of work
104,107,109,114,120,122,129,135-137,141,147,150,155,156,159,
161,163,166,169,171,172,178,180-182,185,188,193]

[2-5,9,10,34-37,39,41,45,46,48,49,51,53,55,59,61,62,70-74,77-81,
83-86,89,90,92,102,104,115,119,122,123,131,152,158-160,162,
164,169,172,174,178,181-183,185,186,188-190,192,195]

Time or cost-efficiency (n=51) Impact on efficiency and competitiveness

[1,5,9,38,39,43,44,47,49,52-54,57,59-61,64,74,77,78,86,87,91,
94,107-110,114,115,119,132,137,140,150,152,156,157,159,161,
162,165,168,173,174,177,179,181,188,190,195]

Collaboration and coordination Coordination of health services and collaboration [1,2,8-10,39,40,42,46,50,52,55-57,59,61,68,69,71,84,85,87,88,
(n=50)
between health care professionals
92,93,100,102,109,111,127,137,141,150,152,153,155,156,159,
161,162,168,172,176,182,185,186,188,194]

a

Technical skills, and experience Clinicians’ tech-savviness, and previous experi(n=44)
ence with technology or mHealtha

[9,37,44,49,55,59-61,67,72,73,81,83,96,100-102,112,121,122,127,
129,133,134,136,138,142,143,145,146,149,153,155,157,158,161,
168-170,179,184,188,191,196]

Roles and responsibilities
(n=40)

Expansion, reassignment, or possible changes to
clinical roles and responsibilities

[2,10,39,40,48,56,59-62,65,67,68,70-72,74,77-80,82,83,85,86,
88-90,94,103,104,152,157,164,167,169,176,182,189]

Leadership support (n=35)

Senior management and organizational support

[5,9,34,35,40,42,59,61,71-73,86,95,103,105,106,111,127,131,132,134,
138,145,156,157,164,166,170,174,181,182,188,192,195,196]

Infrastructure (n=33)

Availability and accessibility of the needed foun- [2-4,9,35,47,51,54,69,70,77,82,83,87,91,93,95,116,124,126,
dation
127,130,151,153,154,157,163,169,172,179,181,187,193]

Process standardization and
planning (n=26)

Governance and control, streamlined procedures, [5,8,9,39,40,44-46,61,65,67,73,80,82-84,86,88,103,149,155,
and processes
160,164,167-169,180,182,185,189]

Staff competence (n=26)

Expertise in the required skills

Data access and management
(n=25)

Accessing, analyzing, and interpreting generated [36,38,51,53,60,62,66,72-75,77,78,100,108,115,120,150,157,
data
167,169,176,177,182,183]

Changes to clinical practice
(n=24)

New paradigms of care and treatment

[10,35,37,40,46,48,49,59,64,65,72,79,80,92,94,123,130,139,
162,182,185,186,189,192]

Job security (n=22)

Autonomy, loss of control, threat to own career,
and professional identity

[9,10,55,62,72,79,80,108,113,116,118,124,130,140,141,151,
159,176,182,185,188]

Incentives (n=15)

Different means to incentivize clinicians

[4,54,59,87,88,106,122,129,141,157,164,168,175,191]

Career and knowledge expansion (n=13)

Impact on professional development and expertise [62,72-74,86,124,131,137,161,162,169,188,189]

Decision making (n=8)

The process of decision making in a fragmented
health care system

[2,4,9,36,37,39,51,58,59,69,73,80,84,91,92,105,108,109,137,
154-157,164,176,185]

[4,8,34,43,71,72,74,97,102,160,191]

mHealth: mobile health.

Patient-related factors arose quite often in the included articles
and were split into 13 subthemes. The most prevalent
patient-related subtheme was the quality and efficiency of
patient care, for example, treatment outcomes, clinical delivery,
patient monitoring, and treatment compliance (n=77), followed
by the quality and ease of communications between patients
and the care team (n=53), enhancing patients’ access to care
and reaching the underserved (n=41), then patients’ comfort
with technology, personal preferences, and the ease of getting
an informed consent from the patients (n=30). Applicability
and appropriateness, meaning the suitability of patients on the
basis of their needs and characteristics, also occurred quite often
http://mhealth.jmir.org/2020/2/e15935/
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(n=24), seeing mHealth as an opportunity to empower and
reassure patients and increase their engagement in managing
their condition, which was also a key factor (n=21).
In addition to patient safety (n=19), factors included patient
age, living standard, and access to technology (n=15), better
patient education and awareness (n=12), patient overdependence
on practitioner support (n=8), and patients’ worries and anxiety
related to the understanding and interpretation of data, or the
feeling of being observed (n=6). The least common subthemes
were those reflecting concerns regarding patients’ long-term
commitment and use (n=3) and protective or paternalistic
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attitudes of the care team (n=2). Table 4 details the subthemes
of the patient-related factors impacting adoption, their

occurrence, and the respective studies where they were
identified.

Table 4. Patient-related factors and their occurrence, with references.
Factor

Subthemes

Training (n=80)

Clinicians’ training to enable an efficient [2,4,9,10,37,42-44,49,50,52-56,59,61,62,65,68,70-74,77,79-81,83,85,89,90,92-94,
use and management of the tools
96,97,103,104,111,112,120,122,126,128,129,136,139,142,143,149-154,156,158,
162,165,166,168-173,176,179,182,183,185-189,191,194]

Workload (n=66)

Availability and allocation of resources

[2-5,9,10,34-37,39,41,45,46,48,49,51,53,55,59,61,62,70-74,77-81,83-86,89,90,92,
102,104,115,119,122,123,131,152,158-160,162,164,169,172,174,178,181-183,185,186,188-190,
192,195]

Workflow fit (n=60)

Improvements versus disruptions of the
workflow and organization of work

[1,8-10,36,39,40,46,48,53,57,59,61,67,70,72-74,78,80,81,83-89,94,104,107,109,
114,120,122,129,135-137,141,147,150,155,156,159,161,163,166,169,171,172,178,180-182,185,
188,193]

Time or cost-efficien- Impact on efficiency and competitivecy (n=51)
ness

References

[1,5,9,38,39,43,44,47,49,52-54,57,59-61,64,74,77,78,86,87,91,94,107-110,114,
115,119,132,137,140,150,152,156,157,159,161,162,165,168,173,174,177,179,181,188,190,195]

Collaboration and co- Coordination of health services and col- [1,2,8-10,39,40,42,46,50,52,55-57,59,61,68,69,71,84,85,87,88,92,93,100,102,109,111,
ordination (n=50)
laboration between health care profes- 127,137,141,150,152,153,155,156,159,161,162,168,172,176,182,185,186,188,194]
sionals
Technical skills, and
experience (n=44)

Clinicians’ tech-savviness, and previous [9,37,44,49,55,59-61,67,72,73,81,83,96,100-102,112,121,122,127,129,133,134,136,138,
experience with technology or mHealtha 142,143,145,146,149,153,155,157,158,161,168-170,179,184,188,191,196]

Roles and responsibil- Expansion, reassignment, or possible
[2,10,39,40,48,56,59-62,65,67,68,70-72,74,77-80,82,83,85,86,88-90,94,103,104,152,
ities (n=40)
changes to clinical roles and responsibil- 157,164,167,169,176,182,189]
ities
Leadership support
(n=35)

Senior management and organizational
support

[5,9,34,35,40,42,59,61,71-73,86,95,103,105,106,111,127,131,132,134,138,145,156,
157,164,166,170,174,181,182,188,192,195,196]

Infrastructure (n=33)

Availability and accessibility of the
needed foundation

[2-4,9,35,47,51,54,69,70,77,82,83,87,91,93,95,116,124,126,127,130,151,153,154,
157,163,169,172,179,181,187,193]

Process standardization and planning
(n=26)

Governance and control, streamlined
procedures, and processes

[5,8,9,39,40,44-46,61,65,67,73,80,82-84,86,88,103,149,155,160,164,167-169,180,
182,185,189]

Staff competence
(n=26)

Expertise in the required skills

[2,4,9,36,37,39,51,58,59,69,73,80,84,91,92,105,108,109,137,154-157,164,176,185]

Data access and man- Accessing, analyzing, and interpreting
agement (n=25)
generated data

[36,38,51,53,60,62,66,72-75,77,78,100,108,115,120,150,157,167,169,176,177,182,183]

Changes to clinical
practice (n=24)

New paradigms of care and treatment

[10,35,37,40,46,48,49,59,64,65,72,79,80,92,94,123,130,139,162,182,185,186,189,192]

Job security (n=22)

Autonomy, loss of control, threat to own [9,10,55,62,72,79,80,108,113,116,118,124,130,140,141,151,159,176,182,185,188]
career, and professional identity

Incentives (n=15)

Different means to incentivize clinicians [4,54,59,87,88,106,122,129,141,157,164,168,175,191]

Career and knowledge Impact on professional development and [62,72-74,86,124,131,137,161,162,169,188,189]
expansion (n=13)
expertise
Decision making
(n=8)

The process of decision making in a
fragmented health care system

[4,8,34,43,71,72,74,97,102,160,191]

Other social and organizational factors included policy and
regulations related to privacy or security or medico-legal issues
(n=66) and the need for clearer guidelines or protocols or
policies (n=44). Cultural and social factors also prevailed quite
often and were mostly linked to perceptions and attitudes toward
technology and mHealth (n=57), organizational culture and
context (n=21), and endorsement or peer influence (n=21).
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Monetary factors, such as funding or reimbursement or fees
(n=51) and the tools’ cost (n=35), were also central, followed
by the strength and quality of clinical evidence (n=22), lack of
awareness and promotion (n=20), and user involvement in
development and planning (n=12). Table 5 details the other
social and organizational factors impacting adoption, their
subthemes, occurrence, and the respective studies where they
were identified.
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Table 5. Other social and organizational factors and their occurrence, with references.
Factor and subthemes

References

Policy and regulations
Privacy, security, and medico-legal issues (n=66)

[2,3,9,10,37-39,44,47,49,52,53,58-61,65,67,73,77,84,90,95,98,100,102,108,
110,114,117,123,125,127,128,130-132,137,138,140,142-144,149,152,156,158,160-163,167,
172,174,176-178,182-185,189-193]

Clear guidelines, protocols, and policies (n=44)

[1,4,5,9,10,34,35,37,42,43,47,51,61,63,64,67,73,76,92,95,102,104,121-124,130,
141,143,145,151,155-157,159,161,162,168,175,176,178,179,190,193]

Culture, attitude, and social influence
Perceptions and attitudes toward technology and mHealtha (n=57) [5,9,10,34,35,37,50,55,58-61,63,64,67,69,83,85,95,97,100,104,107-109,111,
113,116-118,124,125,127,130,132-134,136,138,143,146,147,153,155,157,166,168,173,174,
178,185,186,188,190,191,193,195]
Organizational culture and context (n=21)

[37,42,45,63,76,86,95,101,113,124,130,145,148,151,161,165,168,170,176,179,193]

Endorsement, peer influence, and key opinion leaders (n=21)

[2,9,38,51,61,67,99,105,113,125,128,132,142,146,161,163,170,175,181,196]

Infringing into personal life (n=6)

[47,65,77,161,188,190]

Monetary factors
Funding, reimbursement, and fees (n=51)

[2-5,8,9,35,36,39,51,54,56,60,61,64,67,68,70,71,74,77,84,86,91,92,100-102,
119,122,123,128-131,141,143,151,152,156,159,160,162,164,167,168,182,184,
186,191,195]

Tool’s cost (n=35)

[1,2,5,9,34,38,39,41,51,53,55,60,61,63,64,67,73,78,84,91,95,110,114,123,130-132,142,
144,147,156,159,177,182,191]

Evidence base
Strength and quality of clinical evidence (n=22)

[5,43,55,60,67,69,70,73,84,85,89,108,109,115,155,159,160,162,169,175,186,188]

Awareness
Lack of awareness and promotion (n=20)

[2,9,38,43,55,56,61,73,89,120,131,138,149-151,156,168,175,180,182]

User engagement
Involvement in development and planning (n=12)
a

[10,38,52,61,68,72,86,135,169,172,182,183]

mHealth: mobile health.

Discussion
The main findings of this review emphasize the principal factors
impacting clinicians’ adoption of mHealth tools. Factors’
prevalence sheds light on the clear importance of social and
organizational factors that go beyond the technical features,
highlighting the importance of taking them into account during
the development and deployment of these tools.

Technological Factors
Technical difficulties were the most cited technical barriers
identified in the included articles. Studies reported technical
difficulties and limitations in general, besides other issues, such
as failing to update the system or testing and installation issues
[2,10,51], system errors [74,163], poor output quality (eg, poor
images or video quality) [37,82,91,189], login issues
[42,86,150,172], and missing functionalities [181]. It was
reported that such issues sometimes impacted the recruitment
of eligible participants [163], created a feeling of frustration
among users [44,75,162], or made the staff more reluctant to
promote the tool, as it might not work properly [43], and resulted
in interruption of care [75,90,109,188].
Technical support availability and cooperation from the
information technology (IT) department can also impact
http://mhealth.jmir.org/2020/2/e15935/
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clinicians’ intention to use mHealth tools. Support is, moreover,
expected to be available whenever a clinical shift is active such
as during the night, weekends, and holidays [44]. The lack of
technical support can create difficulties for the adoption, as
clinical staff do not want to be expected to do the technical
installation and troubleshooting themselves [10]. Some concerns
were raised regarding outsourced offshore technical support
models that were deemed impersonal and script-driven and not
very useful [51]. Furthermore, IT departments in hospitals may
not be fully prepared for supporting staff’s mobile phones when
these are used to access mHealth tools [63]. Although some
studies reported staff’s satisfaction with the technical support
offered to them, there were still some concerns about delayed
delivery of the service because of lack of technical support staff
[71,72,79,90].
System reliability can also cause challenges that affect
clinicians’ intentions to use mHealth. System failures and
malfunctions raised concern for staff [35,140,177], and
clinicians who are skeptical about the reliability of the service
might refrain from using it altogether [55,108]. Users want to
be sure that it will work in every emergency even when patients
are using them on their own [69,79]. Similarly, poor signal
connectivity linked to speed and quality of the connection can
cause major usability issues making the use of such tools almost
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impossible [37,44,50,95,181], hence diminishing the usefulness
of the tool [74] and resulting in frustration and reluctance to
use the service [124,153]. An offline functionality whenever
possible could help overcome such issue [38], although some
clinicians did not perceive slow connections as a significant
barrier [68,130]. In some cases, clinical staff developed some
work-around routines to overcome connectivity issues by
printing the needed patient information, resulting in additional
data security and privacy issues [172].

size, according to their own preference [38]. Customization and
personalization should also go beyond design elements to
include the type of information displayed according to the
context and the needs of the individual users [124,181].
Furthermore, clinicians are keen to see tools that can be
customized to each patients’ clinical condition [70,84]. Concerns
were raised regarding the gap that sometimes exists between
the tools’ designers and users, hence the desire for the tools to
be adaptable to the user needs, not the other way around [72].

Many of the included studies indicated that usefulness and
perceived usefulness have a direct impact on the adoption and
intention to use. Clinicians are more likely to use a tool when
they understand its benefits [34,78,86], when they find it useful
for their daily work [85,89,127,134,146,150,179], and in
emergencies [47,188]; they would refrain from using it if they
are skeptical about the value it brings to their clinical practice
[35,60,69,84,108,115,141,153,156,158], sometimes because of
their lack of awareness of studies demonstrating effectiveness
[90]. Some studies noted that the positive perception of
usefulness usually increases for clinicians that use such tools
more frequently [143].

The convenience and mobility of tools accessed via mobile
phones were mostly seen as facilitators. They also have a
positive impact on perceived usefulness and ease of use [116]
and can increase clinicians’ ability to offer care in a timely
manner [5,78]. The portability of mHealth tools enabling
clinicians to access information and achieve tasks anytime and
anywhere was highly valued [73,131,136,161,162]. Conversely,
it was also reported that some users perceived the small size of
the mobile screen as an inconvenience that could hinder adoption
[165].

Studies also linked perceived usefulness in many cases to ease
of use and effort expectancy. mHealth tools should be very
user-friendly and intuitive so that every clinician can use them
easily, including those not comfortable with technology
[4,70,73,166,189]; otherwise, they might be considered a waste
of time [72,156]. Although complex and unintuitive user
interfaces are considered a clear barrier [141,155], it was also
noted that usability alone is not enough for user acceptance
[181]. This was sometimes explained by the specific context
that clinicians operate in [168], so ease of use could be perceived
as less important in underprivileged contexts where clinicians
lack resources and are grateful for any tool that would help
facilitate their professional duties [105].
The tools’ technical compatibility also plays a role in its
acceptance. Clinicians have a positive attitude toward tools that
integrate well with the other systems that they are using on a
daily basis [127,196]. Interoperability issues can raise clear
concerns when mHealth tools cannot be integrated into the
hospital or clinic’s current systems [87,128]. Similarly, the lack
of electronic medical records (EMRs) or EHR integration can
cause similar issues [9,183]. This can create limitations in data
integration and exchange [34,36,156,174] and therefore create
duplication of effort and increase workload [70,72,80]. Some
clinicians also raised the reliability of self-reported data and the
importance of validating it in comparison to the data in the
patient’s EMR to make informed decisions [175]. Conversely,
a tool that integrates well with current systems would be highly
appreciated as it would ensure that patient data is always up to
date and would alleviate clinicians’ workload [38,129].
Layout, interface, and culturally appropriate and patient-centered
design came up as important influencing factors in several
studies. The choice of design and color should be well informed;
for example, bright colors should be avoided as they may cause
seizures in people suffering from epilepsy [38]. Cluttered and
unorganized displays impact adoption negatively [83,155,171].
Users should also be able to adapt design elements, such as font
http://mhealth.jmir.org/2020/2/e15935/
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Social and Organizational Factors: Workflow Related
Workflow-related factors were the most prominent in the studied
articles, with 17 subthemes. Training came up in 80 articles,
showing the central role it plays in making or breaking the
success of mHealth tools. Several studies identified the impact
that appropriate training programs could play in increasing
clinicians’ intention to use such tools [9,97,139,149,179].
Factors such as nonexistent, inadequate or insufficient training
[4,10,42,72,80,151], lack of time to learn how to use the new
tools [81,89,128,183], resources required to ensure the
sustainability of training programs [73,156], and training
programs that focus solely on the technical side without
addressing the workflow changes associated with mHealth use
[44,83,94,104,189,194] were among the most important
training-related barriers. The significance of training is because
of clinicians’ need to develop new skills to be able to benefit
from mHealth tools and embed them properly in their work
practice [65,70,77,92,122,154]. Proper training also helps
achieve the highest potential of such tools, given that research
shows that clinicians sometimes do not benefit from all available
features simply because they were not aware of them [150].
Factors related to workload and resource allocation were also
central. Staff and resources availability and allocation were the
main hurdle identified [9,34,51,55,70,85,102,104,152,
181,183,192]. Adequate staffing is considered a prerequisite
for successful adoption [2,61,77,78,92,185,189]. Some studies
acknowledged that mHealth caused an increase in workload
[4,41,195] mostly because of double data entry caused by lack
of integration and interoperability [35,72,172], adjustment to
new responsibilities and ways of working [48,79,80], and poor
workflow adaptability [182]. Moreover, clinicians may refrain
from adopting the tools altogether if they believe that they would
increase their workload [5,37,174]. This perception is sometimes
triggered by their experience with other health IT systems, which
added to their workload [46]. At the same time, some studies
reported no change in the overall workload because of mHealth
adoption [10], whereas others suggested that such technologies
can alleviate workload where clinicians’ recruitment and
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retention are challenging by improving efficiency [73] and
providing
additional
support
and
resources
[45,122,159,185,186].
Fit with the clinical practice and compatibility with workflow
are also significant requirements for a successful adoption
[9,59,84,114,120,136,163,166,181,184]; accordingly, proper
planning and integration [8,10,61,73,182] and a good
understanding of treatment processes [78,129,172] are essential
to avoid any disruption for clinical practice. Clinicians’
perceptions that these technologies might negatively impact
their work processes can hinder adoption [46,53,80,141]. Such
assessments are sometimes because of poor adaptability of the
current routines to mHealth [88,182]. Nonetheless, mHealth
adoption can also sometimes result in workflow modification,
where an adaptation of working patterns is necessary to harness
the potential of such tools [67,94,178]. These changes are mostly
aimed at complementing routine care rather than replacing it
[70,180], and reorganizing work to warrant routine
practice.39,40,122,150
mHealth could enhance competitiveness through time and cost
efficiencies, optimized work patterns [1,54,59,74,86,109,
152,161,188,190,195], quicker access to care [91,137,159,162],
and rapid triage and identification of cases that need urgent care
thanks to the timely feedback that technologies such as digital
patient
monitoring
enable
[5,47,52,57,87,115,157].
Consequently, it can allow clinicians to prioritize by enabling
them to focus more on patients that need assistance versus more
stable patients [64,174]. Large scale rollout of such technologies
also necessitates standardization, resulting in higher efficiency
[177]. Unfortunately, there are still cases where such tools do
not result in better efficiency in practice [94], mostly because
of usability issues and difficulties with technology [108,110]
and lack of EMR integration resulting in double work and
reenter of data, which eliminates the efficacy gains achieved
with the tools [44] and adds complexities to management [39].
Sometimes, efficiencies such as less in-clinic visits or phone
calls come at the expense of a higher overall workload when
there is no appropriate reimbursement [119]. Still, several
studies suggested that the perceived higher efficiency can
increase
clinicians’
intention
to
use
mHealth
[61,78,107,132,140,150,181].
Improved collaboration and coordination among clinicians were
among the identified facilitators [1,52,68,109,150,152,186].
Well-planned coordination of services can increase adoption,
especially when several teams or sites are involved
[2,8,88,162,176]. Better care coordination was also sometimes
the result of the introduction of such technology [87,194],
mainly when new multidisciplinary and integrated teams are
formed [10,39,50,55,56,59,156,172,188], and peer support
through second opinion and new models of shared decision
making are created [40,57,93,102,137,153,159,189]. Conversely,
some studies report that this can sometimes result in more
pressure on clinicians, as the tools increase the possibilities to
coordinate and communicate with other staff members, adding
to their already high workload [46], and as interprofessional
collaboration can be challenging [85], sometimes resulting in
lack of trust or conflicting opinions [69,188]. The lack of
http://mhealth.jmir.org/2020/2/e15935/

XSL• FO
RenderX

Jacob et al
coordination and collaboration was also seen as a barrier is some
studies [71,84,141,182,185].
Poor technical skills and experience create uncertainties about
how the technology may work, thus they can be major hurdles
for adoption [37,55,59,67,81,127,143,153,179,184,191], whereas
users’ familiarity with the technology may create confidence
that may foster adoption [49,133,134,145,170]. The more
IT-related knowledge and skills clinicians have, the lower their
expected effort related to mHealth use becomes, resulting in an
increase in their intention to use it [9,96,129,149]. Also, those
with previous digital health experience are usually more willing
to embrace mHealth than their counterparts that had not used
such tools before [61,73,83,102,112,121,168]. However, it was
also noted that in some cases, the fact that some clinicians use
technology in their private life is not necessarily positively
correlated with higher chances of technology adoption at the
workplace [122,146]. It is suggested that the staff’s technical
skills need to improve to enable the efficient use of such new
technologies [72].
Smooth integration of mHealth may necessitate changes in
staff’s roles and responsibilities [56,62,65,67,72], sometimes
in the form of alignment of duties [48,86,152], role reassignment
and redistribution [2,94], expanding existing staff members’
responsibilities [85], or even the creation of additional functions
or staff numbers to cover some of the new tasks related to
mHealth management [40,68,71,74,77,79,88,90,103]. It was
noted that in some cases, the tools’ introduction resulted in a
lack of clarity on roles demarcation [39,70,89,104,182], whereas
clearly defined roles [61] and the presence of a local champion
that can guide others on the technology use can contribute to a
successful adoption [83,164]. The new tasks resulting from the
use of such technologies are usually related to data analysis and
interpretation [60,74,176], monitoring patient data and alerting
the relevant staff accordingly [167], and also some other
nonclinical tasks that were deemed sometimes undermining,
such as equipment installation and troubleshooting [80,82,189].
The tools, moreover, allowed the delegation of more tasks to
nursing staff in several studies, giving them more autonomy
and empowering them in their role [78,169,183].
Leadership and institutional support were seen as a vital factor
[5,9,95,127,132,134,157,182,188,192,196] and considered one
of the most important facilitators of technology adoption
[61,103,106,145,166,195]. Management support is crucial to
facilitate the potential organizational changes that the new
technologies entail, such as changes in roles and responsibilities
[40], or changes in workflow [42,72,164], resource allocation
[73,131,170], and proper training [111]. However, getting senior
management support can be challenging at times [34,138,174],
resulting in lack of recognition of clinicians’ activities taken
with mHealth tools [59]; this may be explained by a lack of
proper understanding of mHealth from the management side
[178] or a false perception that such tools would detract staff
from their real work [156]. Lack of organizational support can
be a barrier that slows down adoption [71,86].
Organizational infrastructure is a basic prerequisite for mHealth
success [87,91,116,126,179]. Factors such as access to the
internet, equipment, and suitable space and power play a key
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role in whether or not clinicians would adopt such new
technologies [4,47,51,69,77,93,124,127,153,154,163,169,181,
187].
Poor
infrastructure
may
hinder
adoption
[35,70,82,83,151,172,193], as clinicians who have no access to
suitable equipment may refrain from using mHealth [2].
Process standardization and planning may facilitate the tools’
uptake [45,73,86,88,149]. This can be achieved via streamlined
procedures [39,80,160], process protocols and clear guidelines
describing the practical details of integrating mHealth into
clinical practice [40,168,185], and the presence of internal
responsibility for facilitating this standardization [61,103,164].
Lack of planning or standardization of implementation strategies
can hinder adoption as it can cause workflow challenges
[5,44,46,67,82-84,155,167,189].
Staff nontechnical competence and qualifications also play a
role in adoption [2,73,84,91,156,164,185]. Factors such as
knowledge of medical terminology, a good command of the
language in which the tool is offered, and the capacity to review
large amounts of data and using the complex charts produced
by some of these tools are paramount for successful adoption
[4,36,109,176]. Given the shared decision-making models and
higher collaboration enabled by mHealth, a potential hurdle
may be the lack of confidence in the collaborators’ clinical
competence [39,51]. Another subsequent difficulty is the fear
of exposing knowledge gaps [105,108,137] or being
marginalized and undermined [80]. Conversely, the fact that
such tools enable less experienced clinicians to access clinical
resources can also be a facilitator [69].
The ability to efficiently manage and interpret the large amounts
of data generated by mHealth, such as interpreting complex
charts, may also impact adoption [176]. Data
management–related challenges can hinder the use of the tools
[51,177]. Factors such as information overload [60,62,72] and
the integration of the generated data in the existing workflow
can be challenging [53,167,182]. Other data-related risks, such
as adverse events reporting and further handling, may also
hinder adoption [38]. Although such new technologies increase
the potential to combine data to enhance patient monitoring and
improve clinical decision making, some of the available tools
do not give clinicians the flexibility to customize data reporting
according to their specific needs [36,120,183]. Facilitators
include availability and access to required data [66,77,100,150],
higher efficiency of data analysis [74,108], better patient care
management because of the timely availability of data
[75,78,115,157], and the better ability to measure outcome [73].
mHealth requires a change of paradigm that mostly results in
changes to clinical practice [48,59,65,92,186,189,192]. This is
not necessarily a barrier to adoption; on the contrary, some
studies show that clinicians are aware of the change that the
technology entails and have already prepared themselves for it
[139]. This paradigm shift is linked to factors such as patients’
self-monitoring and self-reporting, which necessitate new ways
of treatment and care [10,72,162,185]. However, this
redistribution of roles can sometimes be challenging [37,94,182].
For example, when a tool enables patients to access some of
their test results before their care team, they can perceive this
as an interference with established clinical practice [46].
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Clinicians’ perceptions of mHealth’s impact on their autonomy
and job security may also influence adoption
[9,10,72,176,182,185,188]. Perceptions that the new tools
compromise clinicians’ autonomy, for example, by making their
patients’ treatment plans and outcomes more reachable to others
and accordingly subject to more external control or criticism,
may hinder adoption [62,116,130,140,141,186,188]. This can
be a considerable barrier to adoption when care teams perceive
the new technology as a threat to their own career and livelihood
[55,72,141,151]. Equally, a tool has better chances of being
adopted when perceived as a complement, not a substitute to
clinicians’ role [62]. Some studies report that clinicians feel
that they need to renegotiate their professional identities in the
face of the empowered and informed patient that is sometimes
seen as undermining the authority and credibility of the care
teams [10,62,72,80,182]. Conversely, it was also reported that
mHealth can empower clinicians and help them be more
autonomous, positively impacting adoption [124].
Clinicians’ empowerment is tightly linked to the possibility of
positively impacting their professional development and
expertise because of the use of these new technologies,
especially among nursing staff [62,72,124,162,169,188,189].
The educational benefits of mHealth for physicians can similarly
encourage adoption [137,161]. The tools are perceived as
enablers that prompt for best practice care, provide novel
decision aids, and expand clinical knowledge [73,74,86,131].
Facilitating the adoption may be encouraged through proper
incentives for clinicians [4,88,106,122,164]. Incentives such as
awarding continuing medical education, adding mHealth use
as an objective in employee appraisals, offering financial
rewards through improved reimbursement schemes, and more
clarity around medico-legal topics may encourage use
[54,59,87,129,141,157,175,191].
Decision making can be a hurdle for adoption in the absence of
a dedicated team or person responsible for digital health
programs in the highly fragmented health care organizations
[4,102,160,191]. This can also be an obstacle when the official
decision makers do not involve practitioners in defining the
aims and objectives of the introduction of an mHealth tool
[43,71,72].

Social and Organizational Factors: Patient Related
Improvements in the quality and efficiency of care may
positively impact clinicians’ adoption of mHealth
[3,5,44,52,61,63,64,66,69,83,86,100,107-109,120,122,
125,127,140,166,168,175,182,186,196]. Such tools can improve
the quality of patient care through better information access,
improved disease control, personalized treatment plans, and
more proactive support [2,36,37,40,42,47,48,55-57,72,78,80,
88,92,93,103,114,115,119,130,157,159,160,162,174,184,188,190],
although sometimes the perception that these new tools do not
enhance patient care may hinder adoption [3,10]. Clinicians
raised some concerns about the quality of patient reports, the
possibility of overtreatment, or false positives being reported
through the tools [38,183].
The impact of mHealth use on patient-clinician communication
can also influence clinicians’ adoption decision [47,88,
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128,163,185,195]. This factor can be considered a facilitator
when the tool enhances communication [3,5,50,58,
59,66,67,75,77,78,82,115,150,172,174,175,182,189], but it can
also be considered a barrier when clinicians perceive the tool
as an obstruction to their communications with their patients
[10,43,46,55,89,180]. Clinicians’ concerns about digital
communications are mostly about the loss of human contact,
breaching patient privacy, medico-legal issues, unprofessional
image, and patient’s overreliance [41,72,79,80,90,156,160,190].
It was also emphasized that such tools should complement rather
than replace face-to-face treatment and therapy [81,86,91].
Improving patients’ access to care by removing time and space
constraints may encourage clinicians’ adoption [1,3,
5,8,43,64,73,82,129,130,156,162,174,182,184,190]. This is
especially true when the tools allow underserved patients, those
residing in rural or remote areas, or suffering from a chronic
condition, to access health care services [4,34,
39,47,54,55,67,75,81,93,102,123,159,178,194]. mHealth may
enable better access by eliminating or reducing travel burden
[2,4,60,62,78,91,169,187,195].
From the clinicians’ perspective, patient consent, comfort, and
preference play an important role in adoption
[2,9,39,49,90,104,122,123,132,153,185,192]. Several elements
could impact patients’ preferences, such as age, the complexity
of the condition, access to technology, tech-savviness, or privacy
concerns [1,43,52,53,60,174,176,180,184,191,195]. In some
cases, patients may feel more comfortable to use mHealth than
face-to-face care when they are treated for sensitive conditions
such as HIV or sexual health [3,163].
It was reported that clinicians believe that mHealth may not be
applicable or appropriate to all sorts of patients [9,
61,68,88,90,91,103,189]. Consequently, it is important to have
balanced selection criteria [71,79,89,162,182]. Some perceive
the tools to be more appropriate for chronic and unstable patients
that need more attention to support their stabilization [41,66],
although others deemed the technology inappropriate for those
with physical or psychological impairments, severely ill patients,
and the ones unable to properly use technology
[62,73,75,81,86,104,185]. However, it is important to note that
restrictive inclusion criteria might prevent some patients who
need the service from accessing it [71].
Clinicians are more likely to adopt mHealth when it empowers
and engages patients, giving them more autonomy and assurance
about their disease or condition management [5,34,
44,48,62,73,77,78,88,89,115,157,166,175,180]. However, more
evidence is needed to confirm such a positive impact on patient
empowerment [128]. It is also worth noting that in some
contexts, patients may initially be anxious from such increased
empowerment, as they are afraid of taking responsibility.
However, research suggests that their confidence may develop
with long-term support [41]. Patient engagement might also be
a barrier if they perceive mHealth as a burden, or when they do
not feel that they need it [70,71]
Safety concerns can impact intention to use [72,103]. Perceived
risks to patient safety can be a barrier to adoption, mainly when
clinicians are concerned about factors such as device
contamination, system reliability, clinical content accuracy, and
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self-diagnosing [10,63,81,179,190]. Conversely, adoption may
be encouraged when mHealth increases patient safety through
timeliness, early detection, or clear documentation
[44,66,78,86,109,140,176,188,195].
The digital divide, defined in the Oxford dictionary [198] as
“the gulf between those who have ready access to computers
and the Internet, and those who do not,” also plays a role in the
adoption. Clinicians are concerned about patients that might be
marginalized because they lack access to technology, the elderly
that do not use smartphones, those who have literacy issues, or
a lower living standard [49,53,55,60,73,75,79,81,84,120,
123,138,185, 191]. A study reported that nurses do not see
patients’ age as a barrier [62].
Better patient education and awareness because of the use of
mHealth tools may encourage adoption [52,53,60,75,
86,88,162,164,168,183,190,199]. However, clinicians were
concerned that the convenience of the new tools might result
in patients’ overreliance on their practitioner support
[3,41,78,182]. Service abuse might occur when they overutilize
the tool or try to access their care team after hours [156,169],
or if they become too dependent on technology and fail to seek
medical help in case of emergency [62,77].
Clinicians also pinpointed that data and surveillance-related
anxiety might hinder adoption [140,190]. Patients might worry
excessively because of the large amounts of data available
through mHealth [46,128] or might feel watched because of the
constant monitoring enabled by such tools [62,78]. Furthermore,
the sustainability of mHealth services depends on several factors,
such as the willingness of patients to keep using it [5], which
might depend on the long-term availability of funding [167]
and clinicians’ long-term commitment [169]. It is also notable
that clinicians might play a gatekeeping role for mHealth directly
impacting adoption [97]; this may be driven by their willingness
to protect their patients from any added burden [180].

Other Social and Organizational Factors
Concerns related to data privacy and security can be a barrier
to adoption [9,39,67,84,95,108,117,132,143,158,174,177,185,
191,192]. Worries about confidentiality, fear of inappropriate
data use, anonymity, and medico-legal risks were the main
drivers of this [2,3,10,37,47,49,52,53,59,98,100,102,110,
123,128,130,152,160,163,167,178,182-184,189,193]. mHealth
was perceived to be more prone to data security issues compared
with other forms of digital health tools because of its portability
and accessibility from personal devices [73,77,127]. Therefore,
it is deemed important to have a safe tool that protects the data
provided in it [38,61], work out liability issues in advance
[60,131], provide data privacy training to clinicians [138], and
have clearer legal guidance [161,162]. Interestingly, some
studies reported that privacy concerns are not a key barrier to
adoption, given that some clinicians that have high privacy
concerns might still have high usage intentions [125,142,149].
Policy and regulations mostly related to malpractice protection,
licensing, and credentialing, in addition to costs and
reimbursement issues, can certainly impact clinicians’ adoption
of mHealth tools [9,10,37,61,73,95,121,123,130,141,151].
Unsuitable or inconsistent regulations and ambiguous policies
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[5,35,63,155,159,179], restrictive directives [64,102], lack of
policies and protocols [34,47,51,67,104,161,162], and lack of
governmental coordination [4] may hinder adoption. Clear and
appropriate regulations and guidelines [92,122,124,
146,168,178,190,193] and more proactive involvement of
governments and medical professional associations
[143,145,157] are essential for efficient adoption and sustainable
services.
Clinicians’ perceptions and attitudes toward technology may
impact their decision to adopt the tools [5,35,69,107,
118,127,134,136,138,173]. Those who are lacking familiarity
with mobile technologies, are resistant to change, or are risk
averse may not use them [34,60,67, 85,108,117,174,186,195];
also, there is the perception that using a mobile phone at work
may seem unprofessional [63,124,190]. Those with positive
attitudes toward technology are more likely to adopt new tools
[97,113]. In addition, their perception and attitudes toward
mHealth specifically also affect their intention to use it
[10,95,109,111,130,132,133,147,178,185,188]. Clinicians with
negative attitudes toward mHealth are more reluctant to use it
[143,155]. This is sometimes because of their perception that
it will add to their workload [37,83], their uncertainty to what
the introduction of such new tools would mean for their
workflow [55,104,153,166], or their perception that it invades
their privacy [47,65,77,161,188,190]. It is also important to
note that personal attributes such as adaptability and the
readiness to try new things may similarly impact the adoption
decision [59,100,157].
The organizational culture and context can also impact the
clinician’s intention to use the tools [95,151,168], although
some studies reported that it is not a meaningful barrier [130].
Prohibitive or unclear expectations around mobile phone use
in the workplace may discourage adoption [42,63,76,
124,161,165,170,179]. Furthermore, an organizational culture
that is resistant to change or risk averse may hinder the
implementation of such new technologies [45,86,148,176]. A
cultural shift might be needed to enable and foster the
acceptance of mHealth use at the workplace and transition from
paper-based systems to more use of digital tools [37,145,193].
Peer influence and endorsement are other factors that might
impact clinicians’ trust in mHealth and, accordingly, their
adoption decision [2,9,125,142,170,175,182,196]. Equally,
those who are change-resistant may also impact early adopters
negatively [181]. Recommendations by reliable bodies such as
scientific societies, renowned health care organizations such as
the National Health Service, opinion leaders, internal champions,
direct managers, or senior colleagues that promote the tools
may foster adoption [38,51,61,67,99,105,128,146,161,163].
Financial aspects are typically barriers to adoption
[70,101,152,168]. Lack of proper funding [36,71,86,
143,151,156,160,164,167] and compensation or reimbursement
problems [2,3,5,9,35,51,54,56,60,61,84,100,119,123,128-130,
184,186] usually hinder clinicians’ intention to use mHealth.
In addition, low awareness of existing reimbursement schemes
[102] and overcomplicated or inconsistent payment systems
[39,64,67,141,159,162] may also be a barrier. Conversely, a
suitable payment model and health insurance coverage may
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encourage adoption [8,67,68,77,92,122,131,182,195]. It is
noteworthy that 1 study found that the financial disadvantages
because of funding and reimbursement issues were compensated
by the lower travel costs and higher efficiency generated by
mHealth use [91].
Reducing organizational costs may positively impact clinicians’
adoption as it helps them achieve budget efficiency
[1,2,5,91,132,147,159,182]. However, uncertainties around
cost-effectiveness [34,41,73,78,114] and the actual tool’s or
service’s charge and affordability [9,38,39,51,53,55,
60,61,63,64,67,84,110,123,142,147,156,191] may hinder
adoption.
Clinicians’ perception that the timeliness and amount of the
data generated by mHealth can enhance the evidence for benefit
is a facilitator [85,89,108,109,115,159,169]. However, the
perceived lack of a solid evidence base and proof of concept
for clinical benefit resulting from mHealth use is considered a
barrier to adoption [5,43,60,69,73,84,160,162,175,188]. There
is a need for more research about the outcomes of such
technologies use in clinical practice to help foster adoption
[55,155,186].
The lack of awareness of mHealth tools may hinder adoption
[73,120,151,175]. Active promotion of the tools’ existence and
objectives [9,55,56,150,156], and their benefits and impact on
patient
outcome
may
encourage
their
use
[2,38,43,61,89,131,149,168,180,182].
Engaging users in the development, planning, and
implementation phases may positively impact their adoption
decision [68,86,135,169,172,183]. Enabling user feedback
[38,52], collaborative involvement, and codesign [10,61] have
shown to encourage adoption. Unfortunately, in some cases,
clinicians are hardly asked for their input or involvement even
though mHealth is one of their work tools [72,182].

Moderating Factors
Some of the included studies reported that moderating factors,
such as age, gender, specialty, and years of professional
experience, may have an impact on clinicians’ adoption
intentions [38,106]. However, other studies concluded that such
moderating factors do not necessarily influence mHealth usage
[117,127,196].
Younger clinicians typically have a more positive attitude
toward such new technologies compared with their older
counterparts [59,73,76,81,100,118,122,125,135,138], although
some studies established that the age-gap does not play a role
in adoption [142,143]. Also, clinicians with previous digital
health experience seem to have more favorable attitudes toward
mHealth adoption compared with their counterparts that have
no previous experience [120,122,142].
Gender does not seem to be consistently reported as a
moderating factor; 2 studies reported that female clinicians are
more likely to accept the tools than their male counterparts
[134,143], whereas 1 study reported the reverse [133]. The years
of professional experience seem to negatively impact adoption
[111,118].
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Conclusions and Implications
The systematic review findings indicate important guidelines
and areas that must be targeted regarding social and
organizational practices to promote and foster clinicians’

Jacob et al
adoption of mHealth tools successfully. As shown in Figure 5,
these implications can be split into 3 categories to address the
actions needed from 3 key stakeholders: policymakers, mHealth
providers, and clinical decision makers.

Figure 5. Implications for social and organizational practices. EMR: electronic medical record.

Policymakers can play a crucial role in unleashing the potential
of mHealth in clinical practice. This can be achieved through
regulations that simplify and facilitate reimbursement and
address data privacy and management issues. Incorporating
mHealth in health insurance schemes can help solve the cost
and payment barriers and encourage not only clinicians’
adoption but also patients’ use. Developing new remote care
protocols may help practitioners standardize these new services
and better integrate them into their clinical practice. It is also
important to support the inclusion of mHealth-related skills in
official medical education to ensure that new graduates will be
equipped with all the necessary capabilities to successfully run
such new technologies. Funding more research that contributes
to a solid evidence base about the clinical and efficiency benefits
and the added value of the new tools can foster their acceptance.
Coordinating the different stakeholders to streamline and
harmonize technology in a way that helps reach interoperability
would also ensure the successful implementation of such tools
and solve the issue of additional workload that sometimes results
from a double entry in the different systems.
Such policy implications echo the findings of other researchers.
For example, Davis et al [183] addressed the barriers related to
unclear legal liability and system interoperability. Gagnon et al
[9] also discussed the importance of cost-related barriers and
the need to address them.
Providers and developers of mHealth tools should always
proactively involve clinicians in the design, planning, and
implementation of their services to ensure that it fits well into
clinical practice. Facilitating user feedback is key to warrant
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the relevance and sustainability of the tool. Providing reliable
training material about the tools’ features, benefits, and
workflow integration scenarios may help clinicians better
integrate the new tools into their daily practice. Delivering tools
that are useful and ease of use, and ensuring continuous technical
support, is crucial for smooth day-to-day usage and to overcome
any technical issues that might push users to abandon the tool.
Working on solving interoperability and EMR integration issues
would help them emphasize the efficiency gains resulting from
their services that are sometimes compromised because of the
burden of double data entry when systems are not integrated
properly. Furthermore, engaging with reliable clinical
associations and opinion leaders to endorse the tool can help
create trust and accelerate the adoption.
Recommendations for providers and developers of mHealth
tools are aligned with Brewster et al [10], Davis et al [183], and
Radhakrishnan et al [182] conclusions on the importance of the
inclusion of clinicians in the development process to improve
acceptance. Davis et al [183] also shed light on the importance
of system interoperability and EHR integration to facilitate
adoption.
Clinical decision makers in hospitals and clinics need to support
a cultural shift that promotes the benefits of technology and
innovation to encourage their staff to change their traditional
ways of working and embrace the new modalities. Facilitating
mHealth training programs may help clinical staff acquire the
new skills needed to successfully adopt the new tools. In
addition, integrating mHealth in the clinical workflow is key to
avoid that the tools become more of a hurdle to the staff.
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Encouraging the creation of multidisciplinary teams combining
digital and clinical expertise and redefining the current roles to
reflect the new skills needed to run the new technologies may
contribute to a successful implementation. In some cases, the
creation of new roles that support the implementation might be
necessary.

limitations must be acknowledged. This review may not have
included relevant studies that were not indexed in the searched
databases, written in a language other than English, and grey
literature searches that could have also allowed the identification
of additional relevant insights. However, this study meant to
concentrate on peer-reviewed scientific papers.

In terms of implications for clinical decision makers, our
findings are congruent with those of Duennebeil et al [149],
who emphasized the importance of establishing standards and
treatment processes and training programs that would enable
the adoption of such new tools. Training, promotion, and
redefinition of roles were also highlighted by Brewster et al
[10] and Radhakrishnan et al [182].

Moreover, this analysis only considered published studies, and
no further contacts were made with the papers’ authors to obtain
extra information or to validate our thematic analysis.
Consequently, it is possible that other mHealth adoption factors
might have been missed. Future reviews could include studies
in other languages to have a better grasp of any interregional
or intercultural differences, and to have more studies in
developed countries.

Limitations and Recommendations for Future
Research
Although this study contributes to the understanding of the
factors impacting clinicians’ adoption of mHealth, some
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Abstract
Background: There has been a recent spate of mobile health (mHealth) app use for immunizations and other public health
concerns in low- and middle-income countries. However, recent evidence has largely focused on app development or
before-and-after effects on awareness or service coverage. There is little evidence on the factors that facilitate adoption of mHealth
programs, which is critical to effectively embed digital technology into mainstream health systems.
Objective: This study aimed to provide the qualitative experiences of frontline health staff and district managers while engaging
with real-time digital technology to improve the coverage of routine childhood immunization in an underserved rural district in
Pakistan.
Methods: An Android-based app was iteratively developed and used for a 2-year period in 11 union councils of the Tando
Muhammad Khan district, an underserved rural district with poor immunization coverage in Pakistan. We used iterative methods
to examine the (1) acceptability and operability of the app, (2) validity of the collected data, and (3) use of the collected data. In
addition, we collected the barriers and enablers for uptake of the mHealth app. Each of these topics was further explored related
to changes in work as well as the enabling factors for and barriers to app use. In-depth interviews were conducted with the 26
vaccinators posted in the 11 union councils and 7 purposively selected key informants (government district managers) involved
with the Expanded Program for Immunization. Findings were triangulated in line with the three broad research areas.
Results: Digital immunization tracking was considered acceptable by vaccinators and district managers. Real-time immunization
data were used to monitor vaccination volume, track children with incomplete vaccinations, develop outreach visit plans, correct
existing microplans, and disburse a fuel allowance for outreach sessions. The validity of the app data was perceived to be superior
to that of data from manual records. Ease of operability, satisfaction with data, personal recognition, links to field support, and
a sense of empowerment served as powerful enablers. Taking twice the time to complete both manual and digital entries and
outdated phones over time were considered constraints. An unintended knock-on effect was improved coordination and strengthening
of Expanded Program for Immunization review platforms across district stakeholders through digitalized data.
Conclusions: Embedding digital technology into mainstream health systems relies on use by both end users and district
stakeholders. Ease of operability, satisfaction with data reliability, personal recognition, links to field support, and empowerment
are powerful enablers, whereas improved coordination as a result of easy, transparent data access can be an important by-product
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of digitalization. Findings are relevant not only for wide-scale implementation of immunization tracking apps in Pakistan but
also for informing the use of digital technology for results-based delivery by frontline health workers.
(JMIR Mhealth Uhealth 2020;8(2):e16081) doi:10.2196/16081
KEYWORDS
mHealth; immunization; digital technology; experience; health workers

Introduction
There has been a recent spate of mobile phone–led programs,
known as mobile health (mHealth) [1], to tackle health care
issues such as immunization, tuberculosis (TB), and malaria in
low- and middle-income countries (LMICs). Mobile phones are
used by 97 per 1000 people in LMICs [2], reaching remote
communities that previously had little interaction with public
authorities or private companies [3]. In rural Tanzania, mobile
technology has been used to provide the current inventory of
anti-malarial medicine to improve access to drugs and other
medical supplies [4]. In rural Uganda, an app called TB Detect
enables health care providers to access TB-related educational
material [5]. Another area where mHealth is being increasingly
applied is routine immunization services in LMICs. SMS
reminders about immunization and the use of electronic
registries to trace cases who missed vaccination are being trialed
in an increasing number of LMICs in Latin America and
Sub-Saharan Africa [6-16]. There is some evidence that these
programs improve vaccination completion rates [6,8-16].
However, many have not progressed beyond the pilot phase,
and evidence for the effectiveness of digital solutions is limited
[17].
Despite the proliferation of mHealth apps, not all digital health
programs perform as intended, and assessments of the
technology, health systems, and behavioral factors need careful
consideration [18]. In particular, mHealth programs that rely
on the performance of health workers would benefit from
qualitative research to understand the extent to which end users
and decision makers are prepared to engage with mHealth
technology [19,20]. Experience from high-income settings
emphasizes a user-centric approach to the development of digital
technology [21]. This is also an important consideration to assess
the implementation of these technologies within LMICs.
Technological factors such as internet access, data volume, and
app usability can affect implementation [22]. In addition, other
factors such as personal motivations for data use, work culture,
and health system support should be reviewed when adopting
mHealth programs.
In Pakistan, 66% of children are completely immunized; this is
much lower than the country target of 90% set by the Global
Vaccine Action Plan [23]. Routine childhood vaccinations are
provided by a dedicated cadre of government-employed
vaccinators at static health centers and during outreach visits
to villages >5 km from the health center. Poor vaccinator
performance, which is exacerbated by poor district supervision,
has been a chronic issue for Pakistan’s vaccine delivery system.
A minimum of 1 vaccinator is allocated to each union council
(UC), which is the smallest district administrative tier with a
population of 10,000-20,000 people. Vaccinators are responsible
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for registering eligible children, providing vaccinations, updating
Expanded Program on Immunization (EPI) cards, maintaining
EPI records, and counseling parents for routine immunization
awareness. The vaccinators are supplied with a motorbike, fuel
support, and vaccines for routine immunization by the EPI
program. UC–based EPI activities are administratively
supervised by the district health office. However, paper records
are poorly maintained and have questionable data. In addition,
evidence suggests that vaccinators make too few outreach visits,
provide little routine immunization education for parents, and
maintain poor records [19]. Anecdotal evidence also suggests
that vaccinators are resistant to supervision and often enjoy
political patronage from local legislators protecting them from
accountability on work performance [24]. In 2014, an app to
track vaccinator movements through GPS was introduced across
the populous Punjab province to ensure vaccinators made a
sufficient number of outreach visits. Called e-Vaccs, it was
designed, championed, and implemented by the government
with provincially driven vertical accountability. Since then,
policy commitment for digital immunization monitoring has
also increased in other provinces, with the aim of effectively
mobilizing the vaccinator workforce and moving away from
relying on questionable paper-based records. However, a lack
of the required systems support has stalled the roll-out process
[20].
In this paper, we report the end-user experiences with a mobile
app (Teeko, Aga Khan University Pediatrics Department,
Pakistan) to track the delivery of routine childhood
immunizations as well as the enablers and barriers for
implementation in local health systems. Teeko is a mobile app
that tracks vaccinators’ routine immunization performance. It
was co-designed with the sub-national government as part of a
larger health system strengthening research program for routine
childhood immunization and piloted in a rural district of Sindh,
Pakistan in 2015-2017. The app generates quality real-time data,
and its key features include GPS tracking of vaccinator outreach
visits, digital records of the immunization volume at the static
health center and during outreach visits, creation of the next
scheduled immunization encounter, and identification of children
who missed vaccination. We drew on the experiences of Teeko
usage by vaccinators and district managers, including
acceptability of the app, use of the digitalized data, perceptions
of the data validity, and enabling factors and barriers for its
adoption. We aim to inform how digital technology can be
embedded within district health systems in LMICS.

Methods
Overview
Our study explored the experiences with an Android-based
immunization app to improve vaccination coverage in a rural,
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disadvantaged district of Pakistan. The overall objective was
to evaluate the experiences of vaccinators and district managers
during their use of the app to track routine immunization
encounters. The specific objectives were to determine the
acceptance and operability of the app as a tool for tracking
vaccine encounters within the district health system, assess the
data validity and data-related concerns of stakeholders, and
understand how the technology is being used within the vaccine
delivery system.

Setting
The mHealth initiative was part of a larger implementation
research program to strengthen the health system and routine
childhood immunization conducted by the Aga Khan University
(AKU) in collaboration with the provincial EPI in the Tando
Muhammad Khan (TMK) district in Sindh Province in
2015-2017 (Figure 1). This district had poor vaccination
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performance, with a Penta coverage rate of only 23% and PCV
coverage of only 11% at the start of the study. A package of
integrated interventions including a digital app was implemented
based on formative research to identify interventions that was
conducted at the start of the study. In addition to the mHealth
intervention, other complementary interventions included
facilitation of a district EPI review platform, microplanning
training, fuel support routed through the district health office
for outreach activities, and co-financing of EPI motorbikes for
UCs lacking functional bikes for outreach sessions. Interventions
were implemented in 2 district sub-divisions (Talukas)
comprised of 11 UCs. The Teeko intervention was implemented
over 24 months, after which vaccinator and district stakeholder
interviews were conducted. The immunization program resulted
in a significantly higher number of completed vaccinations at
the intervention sites than at the control sites, as measured in
terms of PENTA3 and PCV3 coverage (Table 1).

Figure 1. Map of the Tando Muhammad Khan (TMK) district in Sindh province, Pakistan, including locations of union councils (UCs) and Expanded
Program on Immunization (EPI) centers.
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Table 1. Improvement in the vaccine coverage rate from 2014 to 2017 during the Health Systems Strengthening (HSS) immunization pilot study [19].
Vaccine

Intervention, %

Control, %

Difference, %

P value

2014

11

19

20

.001

2017

44

32

—

—

2014

23

31

20

.001

2017

44

32

—

—

PCV3

PENTA3

mHealth Intervention
Vaccinators and their sub-district and district EPI supervisors
were provided with smartphones to track the immunization
encounters. The app contained a list of UCs, villages, and health
facilities assigned to each vaccinator. Vaccinators could access
the app via unique access numbers to enter immunization data

for the villages listed in their UCs (Figure 2). The app tracked
vaccinator visits, vaccination volume at the static health center
and outreach points, identified children that had missed a
vaccination, tracked vaccine availability, and provided
communication features for parents. The app had two
components: data entry and a Web portal for data visualization.

Figure 2. Vaccinator using the Teeko app.

The immunization app was developed over a 6-month field
testing period in 2014-2015 and was implemented in 2015-2017.
The principal investigator (SZ) conducted a baseline assessment
of routine immunization delivery in the district and identified
the reporting of incomplete, questionable immunization EPI
data and poor use in the TMK district [19]. During the
assessment, management information system records were
reviewed, and EPI officials, vaccinators, health workers, and
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health facility managers were interviewed. Further follow-up
meetings were held with EPI provincial staff, the district health
team, and vaccinators by the principal investigator (SZ) and a
research specialist (SH) to identify intervention points within
the EPI record flow that could be supported with an
immunization tracking app, the support required for vaccinators
and district health officers to use the app, and the health system
interventions required to facilitate decision making. An in-house
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16081 | p.53
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technology firm (Aga Khan Development e-Resource Centre)
was contracted for digital programming. App design and
development were overseen by a steering committee chaired
by the Provincial Director General of Health and comprised of
the study principal investigator (SZ), a research specialist (SH),
UNICEF, WHO, the EPI focal person for the TMK district, the
District Health Officer for TMK, and a representative from the
technology firm (SS). Using a participatory process, the
following app features were identified: compulsory photo
identification; defaulter (children who missed a vaccination)
status using traffic light colors; alignment with EPI’s
management information system; client data to include the
parents’ national ID card numbers, household number, and
village details; and adjustment for community migration.
Meetings were held during the design phase and continued into
the app roll-out, with recorded minutes. Iterations included the
addition of new vaccines, identification of areas of misreporting,
adjustment for vaccinations received outside the study area, and
adjustment for household migration. To improve the
technological features, the study team and technology partner
field-tested different versions of the app with vaccinators and
the district EPI focal person. Due to poor internet connectivity,
the ability to upload data offline was added after the field testing.

Zaidi et al
SMS messaging was poorly received and replaced with a robotic
call. The study team randomly checked the photo entries and
uploaded data for errors.
Finally, the app features included registration, immunization
encounter record, offline data mode, vaccine stock management,
awareness content, text messaging, a central database, and a
Web portal.

Registration
The vaccinator registered the child at the first encounter,
entering the child’s father’s name, child’s date of birth,
household phone number, village name, and UC (Figure 2).
This created an individual profile for the child. The child
registration form was the same as the manually completed EPI
child registration form. The data for the registered child was
synced with the central database, in which all data were stored.

Immunization Encounter Record
The vaccinator then vaccinated the child and uploaded a
mandatory photo of the vaccination or updated EPI card (Figure
3) as proof of vaccination. A GPS-based location was generated
for the vaccination site. The app sent the immunization record
data to the central server in real time.

Figure 3. Examples of registration, an immunization record, and the image capture view on the Teeko app.

Offline Data Mode
The app’s offline feature allowed vaccination data to be recorded
when internet connectivity was not available. The records were
stored locally in the app and uploaded once an internet
connection was restored during the outreach visit or at the health
facility. Vaccinations could occur within the health facility or
during an outreach visit.
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Vaccine Inventory Management
To track inventory and ensure timely pick up of required supply,
vaccinators could enter the amount of vaccine they had with
them as well as the inventory at their respective health facilities.

Awareness Content
The app had certain communication features. A 60-second
awareness video on routine immunization could be played by
the vaccinator to educate the parents during a vaccination
encounter.
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Text Messaging
Following the vaccination, robotic calls and SMS messages
about the routine immunization schedule and next visit were
sent to the caregivers of each registered child.

Central Database

Zaidi et al
In addition to during the vaccination encounters, the app
occasionally sent the GPS coordinates of the vaccinators to the
central database (Figure 5). If internet connectivity was not
available, the coordinates were stored in the local database and
later uploaded to the central database. The vaccinator directory
listed the UC assigned to each vaccinator.

The central system (Figure 4) allowed the administrator to
register all users (vaccinators, lady health workers, and viewers).
Figure 4. Flow of data through the Teeko app and Web portal.
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Figure 5. Vaccinator tracking screen in the Teeko Web portal.

These reports were generated based on formats already in use
by the EPI Program.

Web Portal
Through the Web portal, the management and supervisory staff
remotely monitored vaccinators’ activities and movements in
real time (Figure 5). The SMS Panel allowed the administrator
to send an SMS to the vaccinators and lady health workers about
meetings, schedules, and data corrections. The portal also
generated district and UC reports on routine immunization
coverage, defaulters, and individual vaccinator performance.

Data Collection
We conducted semi-structured interviews with vaccinators and
key informants (district managers) involved with EPI delivery
(See Table 2). Data were collected and analyzed by trained
researchers.

Table 2. Themes and tools used to explore the user experiences with digitalized immunization tracking and the key enabling factors
Themes

Tools
In-depth interviews with vaccinators

Key-informant interviews with district stakeholders

Acceptability and operability of
the app

Use of key app features and app operability

Acceptability of the app within the district health system,
enabling factors, and constraining factors

Validity of the app data

Perceptions of and concerns with the data validity

Perceptions of and concerns with the data validity

Use of the app data

Engaging with the app data, enabling factors, and con- Engaging with the app data, enabling factors, and constraining factors
straining factors

Vaccinator Interviews
Semi-structured interviews were conducted covering the
following topics: frequency of use of the app features;
operability of and issues using the digital app; perceptions of
the data validity and comparison with that of manually collected
data; engagement with the app; and enabling factors and barriers
https://mhealth.jmir.org/2020/2/e16081
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for data use. Interviews were conducted with all 26 vaccinators
working in the 11 UCs in which the digital app was
implemented. All the vaccinators used the immunization app
for at least 24 months. Individual interviews were conducted
with each vaccinator in the local language and the privacy of a
separate room.
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District Stakeholder Interviews

Acceptability of the App

In-depth interviews with key informants (district stakeholders)
included the following topics: acceptability of the app to track
immunizations conducted by the district heath team, perception
of the data validity, and use of the information by district health
management. For each topic, we also asked about how their
work had changed after using the app and the enabling factors
and barriers for app use. The topic guide was written in English
and translated into the local Sindhi language. Interviews lasted
45 to 60 minutes and were conducted in the local language.
Stakeholders from the district administration and district health
office were purposively selected based on their key roles in EPI
oversight or delivery. A total of 7 district stakeholders were
interviewed, including the Deputy Commissioner (administrative
head of the district and chair of the Polio-EPI district
committee), Assistant Deputy Commissioner, District Health
Officer, Assistant District Health Officer, District EPI Focal
Person, District Superintendent of Vaccination, and Coordinator
of the Lady Health Worker Program (rural community-based
female health workers that assist with the awareness provision
for routine immunization and mobilization of households for
routine immunization sessions provided by vaccinators).

Use of App Features
All 26 vaccinators used the app to record their vaccination
encounters. Nearly all vaccinators (n=24) took post-vaccination
photos of the children. Although some parents initially refused
the photos, they eventually agreed after the vaccinators
explained that the photo would be used for immunization
verification and recording. Only two vaccinators reported that
parents would not allow a photo under any circumstances, in
which case a photo of the vaccination card was uploaded instead.
These vaccinators were assigned to UCs that had pockets of the
population with reports of prior vaccine refusal.

Ethical Considerations
Ethical approval for the study was obtained from the Ethical
Review Committee of Aga Khan University Karachi, Pakistan
(ERC number: 2818-Ped-ERC-13). Informed consent was
obtained from all participants. Interviews were conducted on a
voluntary basis. Each participant was ensured of the
confidentiality of personal information. Personal information
was anonymized for analyses and reporting through a coded
interviewee number. The recorded data were kept in locked
drawers and encrypted laptops to ensure data confidentiality.

Data Analysis
The interview information was transcribed in Sindhi and
translated back into English. These were then checked for errors
and manually analyzed. Three a priori themes were identified
in line with the research objectives and used as the basis for
inductive analysis: acceptability and operability of the app, data
validity, and use of the app data (Table 2). Content analysis of
the transcripts was undertaken, developing main codes in line
with the a priori themes and further detailed coding based on
grounded findings emerging from the narrative.

Results
Interview guides were used to report the results from the
in-depth interviews. Textboxes 1 and 2 highlight the important
findings from the vaccinator and district management interviews,
respectively.

Vaccinators’ End-User Experience
Table 3 lists specific responses provided by vaccinators during
their interviews.
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All the app features for routine immunization awareness
including the awareness video, SMS alerts, and robotic calls
were used by 18 vaccinators. Only the awareness videos were
used by 6 vaccinators, and 2 vaccinators used only the SMS
alert and robotic call features.
Operability
Of the 26 vaccinators, 25 reported that the app was easy to use
and they could operate it without difficulty (Table 3). One
vaccinator, who had a stroke-induced disability, needed his
son’s help to enter the data in the app. However, he also required
assistance to manually complete data entry. Real-time data
display in the format of the government EPI report was
considered helpful for reading and relating to the data.
Vaccinators reported no instances of data loss from the app.
Internet connectivity issues often occurred in the more remote
villages, but the app allowed offline data entry. Then,
vaccinators uploaded the data after they returned to the facility.
The offline feature was particularly appreciated for its ability
to prevent data loss (see Figure 4).
However, a few vaccinators reported being uncomfortable using
the offline option and would have preferred real-time
information uploads to the central database. Their reported
concern was they might forget to upload pending data or be
unable to upload pending data if the phone was damaged or
stolen. However, there were no reports of phone damage or loss
during the study.
Another reported issue was that, as the phones aged over the
24-month period, the phones would hang or freeze while using
the app, making it difficult to enter data. Often, the phone had
to be restarted, and there was a concern that unsaved data would
be lost. The vaccinators wanted a replacement phone at least
every 2 years to continue using the app.

Validity of the App Data
Most of the vaccinators (n=23) reported a high likelihood of
error with manual documentation of outreach vaccination
encounters. In practice, the data were entered based on recall
in the EPI registers at the health care facilities rather than on
site. Vaccinators recounted poorly recorded field data during
prior measles outbreaks (before the Teeko app was available),
resulting in an inability to target defaulters. They perceived that
instant data entry through a mobile app generated a more
accurate defaulter list.
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Textbox 1. Important findings from the vaccinator interviews.
Acceptability of the App: Use of App Features
•

All vaccinators used the app for vaccination encounters.

•

Photos of the immunized child were uploaded more frequently than photos of the vaccination card.

•

Most vaccinators used the videos, SMS, and robotic calls for immunization awareness education and routine follow-ups.

•

Some vaccinators used only the videos for immunization awareness education.

Acceptability of the App: Operability
•

Vaccinators considered it easy to operate.

•

They could upload the data in villages without waiting for internet connectivity.

•

The vaccinators preferred using the app over manual data entry.

•

Issues included hanging of the phones after 2 years.

Validity of the App Data: Perceptions of Data Validity
•

The vaccinators believed the accuracy of child registration and vaccination status was better than that of manual records.

•

The photo verification was considered a key feature for accuracy.

•

The vaccinators felt as if they were more likely to follow the monthly plan for visits because their supervisors monitored them via GPS tracking.

Validity of the App Data: Engagement With the Data
•

Vaccinators could proactively identify and track defaulters.

•

They could develop a monthly visit plan that could particularly target defaulters.

•

Their performance could be tracked accurately by their supervisors using GPS tracking.

Use of the App Data: Enabling Factors
•

Reporting of individual performance resulted in supervisory recognition and personal gratification in reaching targets.

Use of the App Data: Barriers
•

Data entry via both the app and manual methods resulted in double the amount of work.
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Textbox 2. Important findings from the key informant interviews with district management.
Acceptability of the App: Acceptability Within the District Health System
•

The vaccinators were comfortable using the app.

•

The Expanded Program for Immunization (EPI) supervisors found it easy to retrieve the data to monitor vaccinators and identify defaulters.

•

The key informants requested to continue using the app and expand its use to other districts.

•

The district was able to act as an example for other districts.

Acceptability of the App: Enabling Factors
•

The district managers were interested in the app and expressed ownership of it.

•

Data-driven accountability led to coordination across health programs and with the district administration.

•

Data-driven accountability resulted in a demand for work recognition as well as fear of exposure.

Acceptability of the App: Barriers
•

Additional effort to increase awareness of routine immunization was needed in high-defaulter areas.

Validity of the App Data: Perceptions of Data Validity
•

GPS location of vaccinators provided reliable information, while previously checks were onerous.

•

Vaccination volume and child details were very accurate and could be quickly verified.

Validity of the App Data: Engagement With the Data
•

Real-time data was used to inform EPI monthly review meetings about the increasing vaccination volume and reduced number of defaulters.

•

The monthly recognition of high-performing vaccinators and naming the poorly performing vaccinators encouraged sharing of experiences.

Use of the App Data: Enabling Factors
•

The data enabled coordination across the district stakeholders.

•

The individualized public recognition was considered the biggest motivator.

•

The data encouraged competition among the vaccinators as well as sharing of lessons learned.

•

The app data were used to release mobility support.

Use of the App Data: Barriers
•

Political patronage is still an issue but better managed due to transparency of accountability and monitoring of the vaccinators in the target setting.
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Table 3. Specific responses from the vaccinator interviews, organized by theme.
Theme

Examples of vaccinator responses

Acceptability of the app:
Operability

“It is very easy to use, just like my own phone that I use, typing information on the phone is easy too... and we already
knew how to take a picture and upload it...”
“I never lose any of the data now, as the data is entered then and there in the outreach, ...first we used to write it on a
piece of paper and bring it home and then enter it the next day at the health facility...there was a huge chance of error...
“Teeko” data is very reliable data”
“The application can save my data until I get internet signals but still, to avoid error due to this in future, a better connectivity in remote areas is needed...”
“It’s been two years now, mobiles phones should be replaced with new ones, ... they hang and shut down at times...
Taking more time to make an entry in the field or transfer the data...”

Validity of the app data

“It is easy for me to find children who are overdue for their vaccination, I can see the due date for the next vaccination
and reach the child”

Use of the app data

“The district administration has become more watchful and alert now... they can catch us not being in the field through
their mobiles. now I believe that I am performing my duty with more honestly than I used to previously...”
“During the last award ceremony, I was awarded first position by district-AKU team; my data recorded on “Teeko”
application in the field also completely matched the manual data...I was overwhelmed”
“I have been working for the last 35 years as a vaccinator and I feel that these two years were the ones where I performed
my best. I feel very proud of myself”
“Very easy application, but with manual (entry of records), it doubles my work; we have to make entries in both EPI
(paper) registers and “Teeko”; this takes a lot of time”

The post-vaccination photograph was considered key to ensuring
reliable data. Compared with the prior practice of checking the
EPI records, the advantage of the photo feature was child
verification. Vaccinators also reported that the GPS tracking of
outreach visits resulted in greater vaccinator vigilance in
conducting outreach sessions and improved the reliability of
vaccination encounter reports. Vaccinators reported calls from
their supervisors to check their location when the supervisors
did not observe any field activity.

Use of the App Data
All vaccinators reported they mainly used the digital data to
identify children overdue for their vaccinations. Vaccinators
expressed ownership of the data and a feeling of empowerment
when using the data to plan their monthly vaccination rounds.
They also reported using the data to set target vaccination
volumes.
All vaccinators also mentioned the use of the GPS feature by
the district health office and deputy commissioner for vaccinator
supervision. Vaccinators reported being questioned by the
district supervisors if they turned off their mobile location or
could not be seen moving in the field.
The vaccinators reported that the overriding motivator to use
the app was the reporting of the performance level of each
vaccinator. The vaccinators reported feeling gratified when the
best performing vaccinators were publicly recognized during
the review of individual performance levels in the monthly EPI
meetings. All the vaccinators found it very satisfying to be
noticed and praised by superior EPI officials and district officers.
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Most of the vaccinators reported that this motivated them to do
their best. Others reported this was the first time they took their
work seriously and found it a novel but satisfying experience
to work toward targets rather than working to identify loopholes
to avoid work.
A few vaccinators reported that the app increased their workload
because they were also expected to manually document the EPI
records in addition to documenting via the app.
Migration to digital records from manual recording was
preferred by 23 of the 26 vaccinators, while 3 vaccinators
wanted both manual and digital record keeping. All 26
vaccinators were willing to continue using the app in the future.
The vaccinators also mentioned the conditional fuel support
provided by the district health office based on the number of
monthly visits reported by the app. The vaccinators reported
that the lack of fuel support made it difficult to conduct outreach
sessions.

District Stakeholder Experiences
Findings from the key informant interviews with district
stakeholders were categorized into the following thematic areas:
acceptability of the app for routine immunization supervision
by the district heath team, perception of data validity, and use
of the app information by the district health management. Within
each thematic area, the narrative reports were analyzed for
changes in work after using the app, experiences with
implementing the app, and the enabling factors for and barriers
to app use. Table 4 lists specific responses provided by the
district stakeholders during their interviews.
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Table 4. Specific responses from the district stakeholder interviews, organized by theme.
Theme

Examples of district stakeholder responses

Acceptability of the app

“Good coordination between the Health and District Administration is seen, District Health Office helped AKU to pilot
and develop “Teeko” while the Deputy Commissioner Office supported in making their planning work, also did field
monitoring and addressing administrative issues”
“Commissioner (district) requested to start the same project in his district, we were called to give a briefing on “Teeko”
he was very impressed...”
“Under the Health Department, EPI Provincial Program should adopt “Teeko” immediately...at least in the districts
which are not performing up to mark”

Validity of the app data

“At first we used to follow vaccinators schedule, get hold of someone who knew the area, then try to find him in the
field, now we see his location in “Teeko” application and reach him...it really saves a lot of time”
“On looking at the data I send direction to vaccinators through “Teeko” (ap-plication) to correct it...they reply after
getting it done”

Use of the app data

“If we took any disciplinary action against irregular or poor performing vaccinators, we faced political pressure at times
and are threatened too, we then become helpless...”
“Political involvement has always been an issue, but with sincere working, like with this “Teeko” project, we can
overcome it.”
“At the office of Deputy Commissioner, in a formal ceremony with heads from the Teeko project and District Health
Officer the best performing vaccinators were appreciated, they were given certificates, shields and gifts...everyone
wanted to do more to earn this honor and respect...some of the vaccinators were so motivated that they even worked
on Sundays to meet their target”
“The vaccinator’s data is assessed in the EPI meeting for future decisions & micro planning.”
“The vaccinators were offered motorcycles, they had to pay 50% while the project paid another 50%, it not only solved
mobility issue, they owned a motorcycle as well...every month they (Vaccinators) get POL from District Health Office...the accountability made possible regular POL supply to vaccinators, which previously was not provided.”
“With mobility support and real monitoring, the routine immunization has improved in the outreach”

Acceptability of the App
Key informants from district management commonly reported
that the vaccinators were comfortable using the app. District
officials found it easy to retrieve routine immunization volume
from their cell phones and computers, and the officials used the
app to keep track of children who missed immunizations. The
interviewees recounted poor vaccinator performance prior to
using the app and attributed this to poor work attitudes,
insufficient supervision from the supervisors, and a lack of fuel
support and functional motorbikes for supervisory visits.
The stakeholders reported that the app led to increased
coordination between the EPI and Lady Health Worker
Program—the two important community outreach resources
within the district heath system—and closer interaction
regarding routine immunization between the District Health
Office and the Deputy Commissioner’s Office.
The health officials expressed an eagerness to continue the
tracking initiative and anxiety that routine immunization
coverage would decline again after closure of the project. The
stakeholders also requested that the project be expanded to the
other sub-divisions within the district. The district leadership
reported feeling as if they could serve as an example for other
districts in the province and were gratified that other districts
requested demonstrations and sharing of lessons learned.

Validity of the App Data
Key informants reported that tracking a vaccinator in the field
was challenging in routine practice. Immunization work plans
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provided by the vaccinators were not always accurate; they
could make changes to the plans without prior notice to the
district health office. Moreover, even when EPI supervisors
verified the vaccinators’ locations in the field, they needed
assistance from local villagers familiar with the area. It was still
possible that they would not successfully find the vaccinator.
The district stakeholders appreciated that the app facilitated
vaccinator tracking through its GPS feature. They were able to
locate and reach vaccinators without delay.
The EPI district supervisors reported that they relied on the app
data to provide supervisory instructions for the vaccinators
related to routine immunization coverage and defaulter reports.
The app data were considered superior in quality to manually
collected data and were particularly used for corrective actions.

Use of the App Data
The key informants commonly reported that the main uses of
the app data were improving the number of routine
immunization encounters and locating defaulting children. In
the past, it was challenging to hold the vaccinator cadre
accountable for routine immunization performance, making it
difficult to improve vaccination volume. Furthermore,
disciplinary actions such as a “notice of explanation,” for which
employees must provide an explanation for an allegation of
violation of company policies, rules, and procedures; “show
cause letter,” which asks the employee to provide a reason why
they should not face a disciplinary action for a conduct or
capacity issue in the workplace; and termination of irregular,
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ghosting, or nonperforming vaccinators were not effective due
to the political patronage of vaccinators by local legislators.
The key informants mentioned that regular EPI review meetings
were convened at the district health office, and the meetings
used the real-time app data. These meetings were often attended
by the district health commissioner and assistant commissioner.
During these meetings, vaccinator performance was reviewed,
including that of poor performers. Vaccinators with high
performance were also recognized separately in quarterly public
ceremonies attended by district legislators. The stakeholders
reported that the public recognition was instrumental for
increasing motivation. They added that the review meetings
provided a platform for vaccinators to learn from each other’s
experiences and promote healthy competition.
District stakeholders also expressed a sense of empowerment
from using the app to make operational decisions to improve
routine immunization in the district. They used the data to direct
activities to areas with incomplete vaccination coverage.
Real-time immunization data were also used to provide support
for vaccinator mobility based on GPS-verified outreach visits.
Additionally, EPI motorbikes were provided by the district
health office to the better performing vaccinators; these were
co-financed by the project and the vaccinator. Both activities
were undertaken during the monthly district EPI review
meetings that were chaired by the District Health Officer.

Discussion
In LMICS, mHealth apps are increasingly used for
immunizations and other public health concerns; however, recent
evidence has largely focused on app development, dashboards,
or the before-and-after effects on awareness or coverage
[6,7,10,12,21-25]. Less evidence is available regarding end
users’ and decision makers’ acceptance of and engagement with
digital health technology. Bridging this evidence gap is critical
to embed digital technology into mainstream health systems.
In this paper, we report the qualitative experiences of frontline
health staff and district managers in engaging with real-time,
digital technology to improve the coverage of routine childhood
immunization in an underserved rural district in Pakistan.
Using an iterative approach, we gathered information about the
acceptability of the app for data collection and tracking vaccine
delivery, perceptions about data validity, the extent that app
data were used, and the engagement of care. We also identified
the key factors for frontline staff to engage with digital
technology. The app was commonly accepted by vaccinators
and district supervisors to track vaccination encounters;
however, the app features aimed at increasing parents’
vaccination awareness were less commonly used. Lack of
parental agreement for photograph verification of their children
was not a major issue. Vaccinators found the app easy to operate,
the fields were similar to those of EPI records, and the offline
data recording feature was helpful in remote access areas.
Double entry of both manual and digital records was considered
time consuming, and aging phone technology created systems
issues. District supervisors found the app data easy to access
for quick verification of immunization activity and to provide
https://mhealth.jmir.org/2020/2/e16081
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supervisory direction. The ability for real-time tracking of both
individual vaccinators and the entire team through the Web
portal considerably reduced the time spent tracking vaccinators
during outreach visits. This helped to not only accurately track
the vaccinator but also identify vaccination coverage according
to the geographical location. This drastically reduced the
monitoring and tracking time during outreach. The increased
availability of supervision time was then utilized for other
monitoring and evaluation activities. In addition, the
app-generated maps helped to finalize microplans and identify
missed locations. The validity of the app data was considered
superior to that of data from manual records by both the
vaccinators and district supervisors; this perception was
attributed to photo verification of the encounters. Opinions
differed regarding what contributed to the improved data. The
EPI supervisors attributed it to the transparency of vaccinator
movements, while vaccinators felt that the ability to record
immunization entries during the visits was better than using
recall to manually record data later at the health facilities.
Real-time immunization data were mainly used to monitor
vaccination volume, track children with incomplete vaccinations,
develop outreach visit plans, alter existing microplans, and
provide a results-based fuel allowance. A significant outcome
was the initiation of regular monthly EPI review meetings by
the district leadership. During these meetings, real-time data
were used to review immunization progress. Data were also
used to recognize both good and poor immunization
performance per individual and across UCs and vaccinators.
These findings are supported by those from a study in Nigeria
that used GPS and geospatial data to track vaccinators [26,27].
They reported improvements in microplanning, monitoring, and
immunization coverage, which were attributed to the
technology-based support for performance monitoring that
reduced erroneous entries and data fabrication by vaccinators.
They also used GPS data to provide feedback to the outreach
team and target missed geographical areas.
Our study also identified enablers that facilitated the use of
digital immunization tracking. Recognition of individual
performance, empowerment, and results linked to fuel support
emerged as powerful motivators for the vaccinators to work
towards target delivery rather than avoiding workload, as they
had previously. For district management, key enablers included
a sense of empowerment for reviewing and planning EPI
delivery and enhanced transparency to counteract political
patronage of vaccinators. A knock-on effect of the real-time
verification data was improved coordination across different
components of the district health systems.
Reviews of digital technology use in other settings have drawn
on mixed methods including interviews, focus group discussions,
and systems analysis of the app data. The evidence indicates
that instant data availability for monitoring purposes, as
observed with neglected tropical diseases [28], and ease of use
and digital literacy of end users, as observed with oral cholera
vaccinations [29], are important parameters for the successful
trialing of digital apps. Poorly designed devices and inadequate
cellular infrastructure have been noted as barriers for integrating
apps into health systems [30]. Lessons learned from
immunization registries in Latin American and Caribbean
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16081 | p.62
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countries indicate that digitalization must be useful to
vaccinators for the data to be of good quality. Evidence on
non-technological factors for health provider apps is still
emerging. A study of a client data app for community health
nurses in Ghana resulted in reasonably good acceptability due
to the app’s capacity to facilitate client follow-up and data
reporting; however, the feasibility and usability of the app were
hindered by high client volumes, staff shortages, and software
and device challenges [31]. A study on an mHealth app for
midwives in Ghana found low levels of user acceptance and a
software design that did not match the end‐user needs or work
environment [32]. Another study that introduced an app for
community health volunteers in Kenya found that acceptability
improved after a period of initial anxiety; however, there were
feasibility challenges related to battery drainage and difficulty
keeping the phone charged [33]. Yet another study in South
Africa with an app for mHealth workers to electronically track
patients with multi-drug resistant TB found a high intent for
use but low actual usage resulting from forgetfulness and low
levels of responsibility for such work [34].
Our study provides timely evidence on the successful integration
of an immunization tracking app to be used by vaccinators as
Pakistan prepares to upscale digitalized immunization tracking.
It also provides lessons for LMICS on technological and
non-technological factors that require attention to contextualize
health provider apps within the local health system. We contend
that immunization performance tracking through digital
technology needs essential acceptance by frontline health force,
and mere vertical enforcement is not enough. Technological
ease of operability, personal recognition, results-oriented
mobility support, and empowerment to improvise microplanning
are powerful individual-level factors, whereas data transparency
and empowerment for district planning are key
organizational-level enablers to embed digital tracking in
vaccine delivery systems. While there is a proliferation of digital
technologies in countries such as Pakistan, dedicated investment
in e-governance for continuous, independent, rigorous evaluation
is required to assess actual use in the field and validity of the
data.

Zaidi et al

Strengths and Limitations
This study used iterative qualitative research methods for
in-depth exploration of the digital technology interface with
end users and decision makers within the health system. This
iterative approach helped identify themes in an unexplored area
and identified details that would have been missed in a more
prescriptive quantitative study. Triangulation of the findings
across vaccinators, supervisors, and district managers
strengthened the analysis and helped draw out common
convincing narratives. To limit bias, researchers who were not
part of the intervention team undertook tool development and
data collection.
A limitation of this study is the lack of quantitative assessment
of the data generated by the app. A household vaccination
coverage survey conducted as part of the larger health system
strengthening immunization study found a significant difference
in vaccination completion rates between the baseline and end
timepoints across study control and intervention areas [35].
However, the app’s impact cannot be separately quantified from
the other components of the larger health systems intervention
package. While several of the findings are specific to the study
context, the study provides the key parameters for consideration
during the current rollout of digital immunization interventions
in Pakistan as well as lessons for the introduction of a health
provider app in LMICS. Digital technology investments must
be accompanied by independent rigorous evaluation for
relevance to health systems.

Conclusions
Embedding digital technology into mainstream health systems
relies on acceptance by both end users and district stakeholders.
Ease of operability, satisfaction with reliable data, personal
recognition, results-based field support, and empowerment are
powerful enablers. An important by-product of digitalization
can be improved coordination as a result of transparent, easy
data access. The findings are relevant to not only the current
upscaling of digital technology to track immunization in
Pakistan but also the application of digital technology for
results-based delivery by frontline health workers.
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Abstract
Background: A shortage of community health workers to triage sick neonates and poor recognition of neonatal illness by
mothers contribute significantly toward neonatal deaths in low- and middle-income countries. Providing low-resource communities
with the tools and knowledge to recognize signs of neonatal distress can lead to early care-seeking behavior. To empower and
educate mothers to recognize signs of neonatal illness, we developed a neonatal health assessment device consisting of a smartphone
app and a wearable sensor (the NeMo system).
Objective: The aim of this study was to determine if mothers in rural Uganda were willing and able to use the NeMo system
during the first week of their infant’s life. We also assessed mothers’ responses to the device’s recommendation to seek care.
Methods: A total of 20 mothers were enrolled in the study after giving birth in the Iganga District Hospital. Each mother was
trained to use the NeMo system to assess her infant for signs of illness before leaving the hospital and was given the NeMo system
to use at home for 1 week. Throughout the week, the smartphone tracked the mothers’ usage of NeMo, and the study team visited
twice to observe mothers’ ability to use NeMo. Each mother was interviewed at the end of 1 week to gather qualitative feedback
on her experience with the NeMo system.
Results: In total, 18 mothers completed the study; 2 mothers were withdrawn during the week because of extenuating health
circumstances. Moreover, 1 day after enrollment and training, 75% (15/20) of mothers used NeMo properly with no mistakes.
Three days after enrollment and training, only 1 mother placed the wearable sensor improperly on her infant. On the final study
day, only 1 mother connected the device improperly. Mothers used NeMo an average of 11.67 (SD 5.70) times on their own at
home during the 5 full study days. Although the frequency of use per day decreased from day 1 to day 5 of the study (P=.04),
72% (13/18) of mothers used NeMo at least once per day. In total, 64% (9/14) of mothers who received an alert from the NeMo
system to seek care for their infants either called the health care professional working with the study team or reused the system
immediately and found no danger signs. All 18 mothers agreed or strongly agreed that the NeMo system was easy to use and
helped them know when to seek care for their babies.
Conclusions: NeMo is a feasible and acceptable tool to aid mothers in rural Uganda to assess their infant’s health.
(JMIR Mhealth Uhealth 2020;8(2):e16426) doi:10.2196/16426
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Introduction
Background
An estimated 2.6 million neonatal deaths occur in the first month
of life worldwide each year [1]. Roughly half of these deaths
occur in the first 24 hours of life, with another 25% occurring
in the first week of life [2,3]. Most of these deaths occur in lowand middle-income countries (LMICs) in community settings
at home largely because of preventable causes such as sepsis,
pneumonia, hypothermia, and complications of preterm birth,
which could be prevented by timely identification of illness
leading to early care-seeking behavior [2,4-9].
In Uganda, the neonatal mortality rate is estimated to be 27 per
1000 live births overall and 34 per 1000 in rural communities
[10,11]. Like in other sub-Saharan African countries, a majority
of neonatal deaths occur outside of the formal health system
[12]. Poor recognition of neonatal illness is a major barrier for
optimal care seeking by mothers [13]. An analysis of 64 neonatal
deaths in eastern Uganda found that 54% occurred at home.
Caretaker delay in problem recognition or in deciding to seek
care was a major contributor to 50% of these deaths [14]. Many
health care systems in LMICs, including Uganda, utilize village
health teams (VHTs) of volunteer community health workers
(CHWs) to visit mothers at home after they give birth to identify
neonatal illness during the critical first week of life. In
Bangladesh, neonatal assessment by a CHW has a sensitivity
of 85% and a specificity of 75% in identifying infants 0-6 days
old in need of admission to a facility [13]. Although CHW visits
have been shown to lower the risk of neonatal death, only 5%
of Ugandan neonates are visited in the first 48 hours of life
because of the limited availability and bandwidth of CHWs
[11,15].
Shifting the task of neonatal assessment and recognition of
danger signs from CHWs to mothers is a promising strategy to

improve early identification of neonatal illness [8,16]. However,
the sensitivity of unassisted maternal recognition of symptoms
of neonatal illness has been shown to be poor in developing
countries [13,17,18]. Currently, the lack of knowledge and tools
needed to evaluate neonatal health prevents families from
identifying illness without CHW support.
The multidisciplinary team of students and faculty from the
Johns Hopkins University Center for Bioengineering Innovation
and Design (CBID), Johns Hopkins School of Public Health,
and field partners from Makerere University in Uganda are
developing an evidence-based system that we have named NeMo
as a tool to guide mothers to identify danger signs of severe
illness in their neonates. The goal of this system is to enable
reliable and consistent assessment of neonates for identification
of signs of illness to facilitate early referral of sick neonates,
especially during the critical first week of life.

The NeMo System
NeMo is a two-part system designed to empower mothers to
identify the 4 qualitative symptoms most indicative of severe
neonatal illness using a smartphone preloaded with an interactive
app (the NeMo app) as well as detect respiratory distress using
a low-cost, wearable sensing band (the NeMo band) that
measures breathing rate (Figure 1). NeMo aids assessment of
5 danger signs of neonatal illness through the use of the app
and band two to three times a day. The Integrated Management
of Childhood Illness guidelines published by the World Health
Organization promote a set of general danger signs to identify
neonatal illness [19]. A subset of these clinical signs including
difficulty feeding, convulsions, movement only when stimulated,
respiratory rate of 60 breaths per minute or more, and severe
chest indrawing have been previously identified as some of the
most valuable predictors of a 0-59 day-old infant requiring
hospital care [20].

Figure 1. Smartphone connected by an audio cable to the NeMo band on a neonatal mannequin.
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Mothers are instructed to use the NeMo system thrice a day,
for the first week of their baby’s life. The NeMo app interface
has been previously described by Vanosdoll et al [21]. The app
includes pictures, symbols, and audio recordings in the local
language so that any mother, regardless of literacy, is able to
navigate the app and examine her baby for signs of illness. The
user interface of the NeMo app is shown in Figure 2. The steps
are as follows: the initial home screen greets the mother and
asks her to press the arrow to proceed with the assessment
(Figure 2, A). The following 4 screens ask her to indicate the
presence of the 4 qualitative danger signs in her infant: lethargy
(Figure 2, B), chest indrawing (Figure 2, C), convulsions (Figure
2, D), and difficulty breastfeeding (Figure 2, E) by displaying
2 Graphic Interchange Format (GIF) images, one showing a
newborn exhibiting the danger sign and one showing a healthy
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infant. The mother is asked to select the picture that best
represents her newborn. Arrows, along with audio instruction,
appear to direct the mother to move to the next or the previous
screen once an image is selected. The following 7 screens use
audio and visual instructions to guide the mother through
properly placing the band around her baby and connecting the
band and phone via the audio cord (Figure 2, F-L). The NeMo
band connects to the smartphone through an audio cable via the
headphone jack, which transmits signal for processing. The
NeMo band uses a sensor housed in a plastic box with a silicone
cover that is mounted on an elastic strap, the ends of which are
attached using a generic hook-and-loop fastener similar to a
Velcro closure. The sensor is fastened on top of the abdomen
and detects abdominal movement to measure respiratory rate.

Figure 2. The user interface of the NeMo app.

Upon completion of band placement, the NeMo band measures
respiratory rate for 1 minute while showing the progress on the
screen (Figure 2, M). Once the measurement is complete, a
screen with a GIF demonstrating audio cord removal appears
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(Figure 2, N). As the speaker is inherently disabled when the
phone detects an audio jack connection, no audio can be heard
for this instruction. When the cable is removed, reenabling
audio, the final screen instructs the mother to remove and store
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the device until the next use. The final screen of the app lists
any danger signs detected and, if at least one danger sign is
present, recommends that the mother seek medical attention for
her baby. The final screen further recommends that the mother
still seek care even if she believes her infant to be sick, but the
device has not detected a danger sign. Two icons appear at the
end of the audio recording. The mother can press the red phone
icon to call a health care worker or press the blue X to close the
app (Figure 2, O).

Objectives
We undertook a small-scale pilot study of the NeMo system to
determine the acceptability and ease of use of the system in the
home setting. The primary objective of the study was to
understand the willingness of mothers in rural Ugandan villages
to use the investigational device in a real-world scenario. We
also hoped to better understand barriers to adoption to inform
future iteration on and implementation of the system.
The study imitated a real-world scenario of a mother using the
device in her home to assess her infant’s health two to three
times per day for the first week of life. The general research
aim was to assess usage of the device by mothers after training
to ascertain the NeMo system’s level of acceptability with
mothers. Specific research aims included determining the
following:
1.
2.
3.

Mothers’ skill retention of correct device usage following
an initial training session
Mothers’ willingness to use the device at home
Mothers’ initiative to seek care for their neonates based on
NeMo’s recommendations.

Methods
Study Sites and Collaborators
This study was undertaken in eastern Uganda in the
Iganga-Mayuge districts over the course of 3 weeks. The
population demographic in these two districts is considered
representative of rural Uganda with regard to socioeconomic
landscape, education levels, and neonatal mortality rates
[14,22,23]. The study team was accompanied by a team of local
health workers including nursing officers and midwives based
out of Iganga District Hospital, who also acted as translators
for the study team. Study coordination was aided by Uganda
Development and Health Associates (UDHA). The study was
approved by the Johns Hopkins Institutional Review Board
(IRB#00191743), the Institutional Review Board of Makerere
University School of Public Health, and The AIDS Support
Organization in Uganda. Written consent was obtained from
all participants and was available in Lusoga and English. Before
the start of the study, the NeMo device’s performance was
validated in the Johns Hopkins Hospital nursery in a separate
study (IRB#00117008) described elsewhere [24].

Study Design
The study involved recruitment of mothers in the Iganga District
Hospital, training participants to use the NeMo system before
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discharge from the hospital, and lending participants the device
to use for 1 week at home. The study team visited participants'
homes twice during the week.

Participant Enrollment
Overall, 20 women who gave birth at Iganga District Hospital
were enrolled before they were discharged from the hospital.
The inclusion criteria of the study required that the participant
must be aged 18-45 years, must be clinically stable, and must
have a clinically stable infant under 7 days of age. The team
selectively enrolled a diverse study cohort based on the
following factors to best represent participants’ differing
socioeconomic status: distance of participant’s residence from
the hospital, number of antenatal care sessions attended, and
cellphone access. Participants were told during recruitment that
they would receive a small gift at the end of the study as a token
of appreciation, with no mention of its value.

Training to Use the NeMo System
Participants were interviewed to obtain demographic information
using a structured interview guide and trained to use the NeMo
system before they were discharged from the hospital.
Participants were first asked to identify sick children from a
series of videos to assess baseline knowledge of illness, after
which they received a short lesson on neonatal danger signs.
Participants were then taught to use the NeMo system by
answering the danger sign questions on the NeMo app when
shown additional videos of sick and healthy children.
Participants practiced placing the band on a neonatal mannequin
and, finally, completed a full use of the system on their own
babies. A detailed description of the training protocol can be
found in Multimedia Appendix 1.

Device Usage in the Home
Upon completion of training, mothers were provided with a
heavy-duty zip bag, as shown in Figure 3. The smartphone was
loaded with the NeMo app, and all other apps were hidden to
prevent confusion and improper use of the phone. Mothers were
instructed to use NeMo three times each day (morning, noon,
and night) to assess their baby’s health daily during the first
week of the baby’s life. The study team members collected the
zip bag and its contents at the end of the week. Each mother
was provided an unused NeMo device to decrease the risk of
cross-contamination between neonates.
A member of the health worker team visited the mothers in their
homes on study day 1 to assess each baby’s health and to
observe the mothers using the device, address concerns, and
correct any improper usage. The study team, accompanied by
a health worker, visited mothers in their homes on study days
3 and 6 to observe device usage, conduct interviews, and assess
each baby’s health, as summarized in Figure 4. This framework
was designed to mimic the recommended CHW postbirth
visitation schedule. At no point during the visits were the
mothers asked to use the device more frequently. Mothers
received a small gift consisting of baby items, costing a total
of 30,000 UGX (US $8) at the end of the study.
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Figure 3. Equipment given to each study participant for the duration of the study: (A) 3.5-mm male-to-male TRRS audio cable, (B) Alcohol wipes,
(C) NeMo device, (D) Smartphone charging cable with type-G adapter, and (E) Samsung Galaxy S5 smartphone.

Figure 4. Study protocol for each day of the study beginning with enrollment on day 0 and ending with exit on day 6.

Data Collection
During training, data on baseline assessment of danger sign
knowledge and rounds of training video vignettes were collected.
The study team collected qualitative feedback and responses
from mothers using a Likert scale questionnaire and structured
interview guides during each encounter, to assess insights related
to device use.
During home visits, study team members observed device usage
by the mother and recorded any mistakes. Incorrect use was
immediately corrected following observation. During visits on
days 3 and 6, a video recording was taken of the mother using
the device for future reference.
The backend of the NeMo app recorded the mother’s responses
to the qualitative danger sign questions and the respiratory rate
measured throughout the study period. Each screen opening
and button press was time-stamped during each use. The mother
was considered to have successfully completed a device use if
https://mhealth.jmir.org/2020/2/e16426
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the phone recorded an interaction with every single screen within
the app.

Data Analysis
Training and Skill Retention
The average score on the danger signs baseline assessment was
tested for significance using a t test. The null hypothesis of this
t test was that mothers would score an average of 8/16 correct,
as this is the most probable score through random guessing.
One-way analysis of variance (ANOVA) was performed to
detect significant differences in scores between rounds of video
vignettes in phase 3 of training (Multimedia Appendix 1). Skill
retention was determined as correct steps of use completed on
observation.

Frequency of Use and Impressions of Device
Quantitative data, including mothers’ number of uses tracked
by the phone, time spent on each screen, and Likert scale
responses, were analyzed by manual sorting and summarizing.
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Repeated measures ANOVA was used to detect significant
differences in device use frequency between study days, and
posthoc Tukey tests were conducted to detect where those
differences occurred. Qualitative data including the study team’s
observations about usage and mothers’ interview responses
were decoded and de-identified and then analyzed by employing
themes identified a priori, including opportunities and barriers
surrounding the NeMo system within the homes of new mothers.

Responses to Danger Sign Trigger
Danger sign triggers and the corresponding responses by
mothers were summarized and categorized. Mothers’ responses
were analyzed through a qualitative discussion.

Matin et al

Results
Study Population Demographics
The study cohort consisted of mothers from 19 villages across
the Iganga-Mayuge districts; distances between the mothers’
homes and Iganga District Hospital stretched from 400 m to 24
km. During the 3-week study period, 20 mothers were recruited
and 18 completed the study. Moreover, 2 participants were
withdrawn in the course of the study because of extenuating
health circumstances. Data collected from these 2 participants
before they were withdrawn from the study, including day 0
interview responses, training results, and device uses, are
included in these results. Background information from
participants is shown in Table 1.

Table 1. Demographics of women enrolled in the study (N=20).
Characteristic

Values

Age (years), mean (SD)

27.2 (6.84)

Distance from hospital (km), mean (range)

7.78 (0.40-24)

Parity, mean (range)

3.5 (1-7)

First time mothers, n (%)

5 (25)

Own a phone, n (%)

11 (55)

Have ever used a smartphone, n (%)

8 (40)

Able to charge a phone, n (%)

18 (90)

Attended ANCa, n (%)

19 (95)

ANC sessions attended, mean (range)

4 (0-5)

Knew danger sign, n (%)

a

Failure to breastfeed

8 (40)

Convulsions

5 (25)

Breathing difficulty

2 (10)

Lethargy

2 (10)

ANC: antenatal care.

Training Results
Training sessions were successfully completed by each of the
study participants and took an average of 1.5-2.5 hours to
complete. During the initial preassessment of baseline
knowledge of neonatal illness (Multimedia Appendix 1), the
average score on the initial danger sign knowledge assessment
was 13.95 (SD 0.94) out of 16, which was significantly higher
than random guessing (P<.001). However, 55% (11/20) of
mothers were unable to list the correct presentation of illness
despite correctly identifying that the baby in the video was sick.
One-way ANOVA did not reveal a significant difference in
mothers’ average scores between the first, second, and third
rounds (P=.36) of practicing danger sign identification using
the NeMo app.

0. The two largest sources of error were incorrect placement of
the band and failure to disconnect the audio cord from the phone
at the end of the respiratory rate and temperature assessment.
The largest contributing factor to incorrect band placement was
failure to appropriately tighten the band around the baby’s
abdomen.
All mothers indicated that the voice directions in the app were
understandable, and 75% (15/20) of the mothers indicated that
they had learned at least one new neonatal danger sign.
Following training, 100% (20/20) of mothers stated that they
would feel comfortable using the device three times per day.
During the study exit on the last day of the study, 83% (15/18)
of mothers indicated that the training protocol they underwent
on day 0 was sufficient to enable independent use of the device
in their homes.

Table 2 summarizes correct task completion when the mother
used NeMo for the first time on her baby during training on day
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Table 2. Percentage of mothers who correctly completed each task during the observed uses on neonates.
Task

Mothers who correctly completed each task, n (%)
Day 0 (training)

Day 1

Day 3

Day 6

Unlocked the phone and opened the app

20 (100)

20 (100)

18 (100)

18 (100)

Navigated properly through the app

17 (85)

14 (70)

18 (100)

18 (100)

Correctly answered qualitative questions

20 (100)

20 (100)

18 (100)

18 (100)

Properly placed the device on the neonate’s abdomen

6 (30)

18 (90)

17 (94)

18 (100)

Properly connected the audio cord to both audio jacks

16 (80)

20 (100)

18 (100)

17 (94)

Disconnected the audio cord from phone unprompted

7 (35)

18 (90)

18 (100)

18 (100)

Closed the app to acknowledge assessment finished

19 (95)

19 (95)

18 (100)

18 (100)

Skill Retention
During the day 1 visit, 75% (15/20) of mothers were able to
properly execute all the steps of using the device on their infants
in front of the health worker. The remaining 25% (5/20) of
mothers were retrained by the visiting health worker. Mistakes
with device placement included placing the device too loosely
to obtain respiratory rate (1 mother), placing the box upside
down on the abdomen (1 mother), and failing to unplug the
connection cord from the phone without prompting (2 mothers).
In addition, 3 mothers navigated the app improperly, which
resulted in skipping the audio indicating if any danger signs had
been detected. During the day 3 visit, only 5% (1/18) of mothers
needed to be retrained, as they placed the sensor box upside
down. Only 1 mother needed to be prompted to unplug the
connection cord when observed on the day 6 visit.

Device Usage by Mothers
The 20 mothers enrolled in the study successfully completed
the app a total of 252 times over the course of the study. On
day 1 and day 3, the mother was asked to use the device while
the study team observed, and this use was counted as a prompted
use. The uses that the mother performed by herself at home,
which were recorded by the phone, were counted as unprompted
uses. On average, mothers performed 11.67 (SD 5.70) complete,
unprompted uses per week-long study period. As the mother
was prompted to use the device once on day 1 and day 3, we
considered the ideal number of unprompted uses on these days
to be two uses, compared with the ideal number of three
unprompted uses on the other days. The difference between
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actual uses (mean 11.67, SD 5.70) compared with the ideal 13
times is not statistically significant (one-sample t test, P=.33).
The frequency of use for each day has been normalized on a
ratio of the ideal use of that day and presented in Figure 5 as
the distribution of complete, unprompted uses by mothers on
each day of the study.
There was a significant difference between the normalized
frequency of unprompted use across the days of the study
(repeated measures ANOVA, P=.005). A significant drop in
normalized frequency was found between day 1 and day 7 of
the study (posthoc Tukey test, P=.04); however, a significant
difference was not found between any other 2 days. Figure 6
shows the distribution of the percentage of mothers who
completed a device use 0, 1, 2, and 3 or more times each day.
Of the 18 participants who completed the study, 13 (72%) used
NeMo consistently, completing a device use at least once per
day. Only 2 participants skipped using NeMo for 2 or more
consecutive days. In all, 9 mothers used the device more than
the recommended three times a day at least once. From the exit
survey, reasons for not using NeMo three times a day included
social obligations outside the home, refusal to unwrap the baby
on cold mornings, housework, caring for a sick child, and the
phone being sent away for charging.
Mothers consistently used the device on their own at home,
with most mothers using it at least once every day. Half of the
mothers stated that they would like to use the system even more
frequently than recommended because it helped them to monitor
the health of their baby.
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Figure 5. Box and whiskers plot of normalized unprompted uses expressed as a ratio of unprompted uses and expected number of uses. For example,
on day 1, mothers on average used NeMo 1.25 times more than expected. Each point represents the ratio of uses by one participant on a corresponding
day. Expected number of unprompted uses was 2 times on days 1 and 3 and 3 times on days 2, 4, and 5.

Figure 6. Distribution of the percentage of mothers who used the device unprompted 0 times, 1 time, 2 times, and 3 times or more, over the course of
5 days. Most mothers used NeMo 2 or more times a day, and very few mothers failed to use the device on any given day.

Neonatal Illness Assessment by Mothers at Home
In total, 14 mothers received a total of 63 triggers from the
NeMo app warning them that their baby had an elevated
respiratory rate; 5 of these mothers did not recall hearing the
warning from the phone when asked about it during their
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follow-up interviews. None of these 5 babies were actually sick
when assessed by the study nurse. In total, 9 mothers indicated
that they were aware of a trigger. We considered the mother to
have responded to the trigger if she either called the health care
provider or reused NeMo on her baby to find that the baby was
healthy. Figure 7 shows a summary of responses to triggers.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16426 | p.74
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Matin et al

Figure 7. Summary of responses to NeMo danger sign triggers.

In total, 6 mothers contacted a health care provider following
at least one of the triggers they received. One of the babies of
a mother who called had a cord infection and was brought to
Iganga District Hospital. In addition, another baby whose mother
neither received a trigger from NeMo nor called was found
during the day 1 visit to have a mild cord infection and was
treated at home with medication and proper cord care. Another

mother called the on-call health care professional out of concern
for her baby’s health without prompting from NeMo.

Impressions of Device
During the exit interview, each participant was asked about her
experience with and impressions of the NeMo system using a
Likert scale. Mothers’ responses to each statement are shown
in Figure 8.

Figure 8. Mothers’ responses to Likert scale statements regarding their experience using the device after 6 days.

Willingness to Use
Using a composite scoring system (strongly agree=5 and
strongly disagree=1), the statement “I have used the device
regularly” had a composite score of 4.72 (median 5, IQR 1).
The statement “I would trust this device to assess the health of
https://mhealth.jmir.org/2020/2/e16426
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my baby” had a composite score of 4.5 (median 4.5, IQR 1).
All 18 mothers who completed the study answered that they
would like to use the device again if they had another baby, and
94% (17/18) of mothers said that they would recommend using
the device to other women in their village. During the exit
survey, 5 mothers stated that they thought the device should be
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used more than three times a day and suggested instead that
recommended daily usage be increased to four or five times.
Throughout the study, mothers were encouraged to express their
concerns and ask questions about the device. Few mothers
expressed concerns about using the device. Common themes
include concerns about the electrical safety of the device,
potential stress to the baby caused by the band, and
unwillingness to unwrap the baby to put the device on when
the weather is cold. All of the reported concerns or questions
were answered by the team when they were raised.

Ease of Use
All mothers agree or strongly agree that the device was easy
to use, giving a composite score of 4.89 (median 5, IQR 0). All
18 mothers answered that they had become more comfortable
using the device over the course of the study.

Perception of Usefulness
All mothers agree or strongly agree that the device helped them
know when to seek care for their babies, resulting in a composite
score of 4.66 (median 5, IQR 0). The most common reasons
given for agreeing with this statement were that the device can
assess breathing rate, which the mother cannot do on her own
(4 mothers), and the device displays the danger signs (3
mothers). In total, 89% (16/18) of the participants who
completed the exit survey said that other mothers would find
the device useful.

Device Maintenance
Out of the 20 enrolled mothers, 11 (55%) were able to charge
phones at home, whereas the rest needed to charge at a
neighbor’s house or nearby charging station up to 1.5 km from
their home. During recruitment, 10% (2/20) of the mothers
answered that they would have major difficulties (ie, have to
travel a long distance or pay) and were, thus, provided with
power banks to facilitate charging. Out of the 18 participants
who completed the study, 11 (61%) charged the phone at least
once during the study period. There were no adverse system
events (including device breakage or loss of either phone or
device) during the study despite 55% (10/18) of participants
expressing concerns about losing or breaking the device. All
devices remained intact and functional by day 6 when the
devices were collected.

Discussion
Principal Findings
In this study, we assessed if mothers in rural Uganda were
willing and able to use the NeMo system during the first week
of their infant’s life and if NeMo would trigger care-seeking
behavior. Findings confirmed that mothers in rural Uganda
would benefit from more education on recognizing signs of
neonatal illness. The skill retention and usage results
demonstrated that NeMo has a high level of usability and
acceptability among mothers. Usability improvements could
potentially increase the accuracy of the sensor and users’
understanding of care-seeking recommendations.
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Training and Skill Retention
Enrolled mothers could recognize a child in clear, visible distress
as sick with significantly better accuracy than random guessing.
However, most mothers were unable to list a specific reason
for illness, which is in line with previous studies demonstrating
poor knowledge of danger signs among women in community
settings. Although mothers scored well when identifying very
pronounced examples of neonatal distress shown during the
training, education of specific danger signs is needed to enable
early recognition of more subtle presentations of illness.
Mothers’ ability to correctly use NeMo increased over the week
through repeated use, showing that the overall system is intuitive
to use. In this study, it was found that only the inability to
consistently tighten and place the band arose as a primary
usability concern. To obtain a signal, the sensor must be placed
centrally on the neonate’s abdomen (in between the nipples and
midway between the umbilical cord and the nipples) and the
band must be secured tightly around the baby, such that the
outward movement of the baby’s abdomen during a breath
presses on the underside of the box (see Figure 1). Throughout
the study, the team observed that erroneous respiratory rate
readings resulted from incorrect band placements that were too
loose or too tight, band placement on the chest rather than the
abdomen, and poor audio jack connection to the device. In
addition to a better training protocol, which better addresses
band placement, other usability improvements such as
reengineering of the band to eliminate memory burden for
mothers must be made before any large-scale implementation
efforts.

Willingness to Use
For NeMo to be an effective task-shifting tool, it must be well
accepted by mothers such that they are willing to use the device
regularly to assess their babies.
Mothers enrolled in our study consistently used the device on
their own at home, with most mothers using it at least once
every day. The average use at each day was at least two times.
The study recommended mothers to use NeMo three times a
day to ensure that enrolled babies were screened as often as
possible without overburdening mothers. However, the use of
NeMo even once a day greatly raises the frequency of neonatal
screening during the first week of life. With 72% (13/18) of
mothers using NeMo at least once every day, and the weekly
average number of uses being 11.67 (SD 5.70), enrolled babies
in the first week of life were being assessed approximately 10
times more with NeMo than they would have been within the
current health care system in Uganda, where VHTs are
overburdened and, thus, unavailable to carry out neonatal
assessment with the recommended frequency. Therefore, NeMo
has the potential to address this gap in the health care system.
A large number of mothers used the device more than the
recommended three times on a given day of the study, especially
on the first study day (Figure 5). The increased frequency of
usage could be because of the novelty factor of NeMo among
mothers, which must be considered in interpreting the
generalizability of the usage results. Longer-term, large-scale
studies are needed to assess the frequency of usage among
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mothers in a community that has become familiar with the
NeMo device. Usage in excess of three times per day may also
reflect mothers’ heightened anxiety about the health of their
babies, especially in the first days of life, which may translate
to frequent NeMo usage in a real-use case.

of the study, it was not powered to show effectiveness of the
intervention. Rather, the objective of this study was to show
proof-of-concept and to identify any major barriers to
implementation so that a more rigorous randomized controlled
trial (RCT) could be carried out based on the results.

Behavior Change

The study was not able to assess the ability of mothers to
identify qualitative danger signs aided by the NeMo app, as
none of the babies of mothers enrolled displayed any of these
danger signs, and none of the mothers answered in the NeMo
app that her baby had a danger sign.

NeMo’s ability to task-shift neonatal assessment to mothers to
reduce preventable neonatal deaths depends on its ability to
initiate care-seeking behavior in mothers. Mothers’ responses
to its recommendations to seek care serve as indicators of the
behavior change initiated by NeMo. The cases observed suggest
that mothers who claimed to understand the device’s audio
recommendation to seek care are led to take further action to
protect the baby’s health.
During the study, the device signaled false-positive triggers for
13 mothers and one true-positive trigger for a sick neonate. Our
observations suggest that many false positives were likely
because of erroneous placement of the band. For all mothers
who received a high respiratory rate trigger in the presence of
the study team, it was observed that upon tightening of the band
around the neonate, a normal respiratory rate was then recorded.
Therefore, future iterations of the device require further
considerations in human factors design that mitigate incorrect
band placement and, thus, false-positive respiratory rate
findings.
Out of the 14 mothers who received a trigger from the device,
5 claimed to have not heard the recommendation to seek care.
Our posthoc analysis suggests that the app’s audio and visual
prompts to indicate the presence of a danger sign may have been
unclear or too subtle, which may be responsible for some of
these failures to acknowledge care-seeking recommendations.
Modification of the app user interface to make the danger sign
trigger more obvious may increase understanding of the danger
sign trigger.
The remaining 64% (9/14) of mothers who received a trigger
took action to further assess the baby’s health, which the team
interpreted as understanding and trusting the trigger. The team
considers the mothers who used the device again immediately
after the trigger to find no danger signs to have had an
appropriate response to the trigger. The behavior of the 6
mothers who called the health care worker immediately
following a trigger indicates NeMo’s potential to lead mothers
to seek care for sick newborns.
A major risk of the NeMo device is false negatives wherein the
device would fail to detect a danger sign in a sick newborn,
resulting in a mother not seeking care because of false
reassurance from the device. The behavior of mothers in our
small cohort does not show evidence that the device will deter
mothers of sick infants from seeking care, although the study
was not powered to detect such events; 1 mother even called
the health care professional without prompting by the NeMo
device.

Limitations of Study
This acceptability study gained preliminary evidence on the
feasibility of NeMo implementation. Given the formative nature
https://mhealth.jmir.org/2020/2/e16426
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Mothers may have been influenced to use the device more or
less frequently because of the intermittent visits by the health
care provider and the study team. On one hand, mothers may
have been reminded or encouraged to use the device by the
presence of the study team. Conversely, the mothers may have
been discouraged from assessing their infants on their own
because the infant’s health was assessed during the visit. The
visits were limited to the days that a CHW would be expected
to visit to simulate the reminders to use the device that a mother
might be expected to receive in a real-use case. However, CHWs
rarely visit as often as the recommended three times in the first
week of life.
As a result of the sample size and the recruitment protocol, the
generalizability of the study was limited. For example, being
able to charge the smartphone was not among the selection
criteria, and power banks were given to 2 mothers who
expressed difficulty charging phones at home. Therefore, the
willingness of mothers with difficulty accessing the power grid
to go out of their way to use the device could not be determined.
This study was limited in its ability to assess the potential of
the NeMo device to initiate care-seeking behavior in a real-use
case in the local health care system. Mothers in the study who
wished to seek care for their infants were provided with access
to an on-call health care worker, rather than make a costly and
arduous trip to a health center. We provided an on-call health
care worker for the ethical consideration that using the NeMo
device may burden mothers unnecessarily in the cases of false
positives or may deter mothers from seeking care in the cases
of false negatives. Studies have shown significant financial and
sociocultural barriers to seeking medical care in the communities
the NeMo device targets, such as financial constraints, distance
from medical facilities, and reliance on traditional medicine
[25].

Future Directions for the NeMo System
In light of the findings from this study, the next steps for the
NeMo system include reengineering of the band to reduce the
memory burden to mothers, reducing the occurrence of
false-positive danger sign triggers and making it obvious to
mothers that danger signs have been found in her baby. To
facilitate implementation to scale, models that make
smartphones accessible must be considered.
To accurately measure quantitative danger signs and prevent
false-positive triggers, the user needs to place the NeMo band
at the correct location and with appropriate tightness. Most
mothers could perform the former task with the help of audio
and visual directions but struggled with the latter. To guide
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16426 | p.77
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mothers to place the band consistently and correctly, a visual
indicator on the band that reflects the tightness could be added.
In addition, other visual indicators such as arrows indicating
orientation of placement may also increase accuracy of device
placement. To draw the mother’s attention to any danger sign
triggers, visual cues as well as audio alarms that indicate the
appropriate danger signs may be added.
The requirement of a smartphone remains the biggest barrier to
widespread implementation of NeMo. For implementation to
scale, various business and public health models need to be
investigated to make smartphones accessible to those who do
not own one. Multiple models are currently being investigated
by the research team for this purpose.
The larger implication of the implementation of a mobile health
system like NeMo is the increased referral of neonates
demonstrating danger signs. The NeMo system only addresses
the creation of early care-seeking behavior. To save neonatal
lives, a responsive supply chain of treatment must also be
established.

Conclusions
The study presented here demonstrated acceptability and
feasibility of mothers in a rural community using a NeMo device

Matin et al
on their own at home. Mothers in rural eastern Uganda were
willing to use the NeMo system to assess their infants frequently
during the first week of life in a simulated use case. Mothers
were able to understand how to use the NeMo system with
minimal training and retained the skill to use the device for 6
days. Most importantly, the 9 mothers who claimed to have
understood the device’s trigger to seek care took steps to ensure
the health of their infants, demonstrating the ability of the NeMo
system to initiate early care seeking by mothers. These findings
indicate mothers’ increased awareness and understanding of
neonatal illness, which suggests that NeMo could contribute to
more referrals leading to higher neonatal survival rates. The
results of this study also provide insights that will guide
improvements in future prototypes of the NeMo system, for
example, the next iterations of the NeMo system will incorporate
a clearer danger sign trigger and assessment of an expanded set
of danger signs (temperature and cord infection).
Implementation of the NeMo system has the potential to become
a public health intervention by empowering and educating
mothers to identify neonatal illness to promote early
care-seeking behavior. Following further prototype iteration,
the NeMo system will be introduced in the community in a
large-scale RCT to validate the use of this intervention to reduce
neonatal deaths in the home.
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Abstract
Background: Mobile health (mHeath)–based HIV and sexual health promotion among men who have sex with men (MSM) is
feasible in low- and middle-income settings. However, many currently available mHealth tools on the market were developed
by the private sector for profit and have limited input from MSM communities.
Objective: A health hackathon is an intensive contest that brings together participants from multidisciplinary backgrounds to
develop a proposed solution for a specific health issue within a short period. The purpose of this paper was to describe a hackathon
event that aimed to develop an mHealth tool to enhance health care (specifically HIV prevention) utilization among Chinese
MSM, summarize characteristics of the final prototypes, and discuss implications for future mHealth intervention development.
Methods: The hackathon took place in Guangzhou, China. An open call for hackathon participants was advertised on 3 Chinese
social media platforms, including Blued, a popular social networking app among MSM. All applicants completed a Web-based
survey and were then scored. The top scoring applicants were grouped into teams based on their skills and content area expertise.
Each team was allowed 1 month to prepare for the hackathon. The teams then came together in person with on-site expert
mentorship for a 72-hour hackathon contest to develop and present mHealth prototype solutions. The judging panel included
experts in psychology, public health, computer science, social media, clinical medicine, and MSM advocacy. The final prototypes
were evaluated based on innovation, usability, and feasibility.
Results: We received 92 applicants, and 38 of them were selected to attend the April 2019 hackathon. A total of 8 teams were
formed, including expertise in computer science, user interface design, business or marketing, clinical medicine, and public health.
Moreover, 24 participants self-identified as gay, and 3 participants self-identified as bisexual. All teams successfully developed
a prototype tool. A total of 4 prototypes were designed as a mini program that could be embedded within a popular Chinese social
http://mhealth.jmir.org/2020/2/e16030/
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networking app, and 3 prototypes were designed as stand-alone apps. Common prototype functions included Web-based physician
searching based on one’s location (8 prototypes), health education (4 prototypes), Web-based health counseling with providers
or lay health volunteers (6 prototypes), appointment scheduling (8 prototypes), and between-user communication (2 prototypes).
All prototypes included strategies to ensure privacy protection for MSM users, and some prototypes offered strategies to ensure
privacy of physicians. The selected prototypes are undergoing pilot testing.
Conclusions: This study demonstrated the feasibility and acceptability of using a hackathon to create mHealth intervention
tools. This suggests a different pathway to developing mHealth interventions and could be relevant in other settings.
(JMIR Mhealth Uhealth 2020;8(2):e16030) doi:10.2196/16030
KEYWORDS
mobile health; hackathon; crowdsourcing; men who have sex with men; MSM-friendly; health care utilization

Introduction
Background
Mobile health (mHealth)–based HIV and sexual health
promotion interventions delivered through websites, text
messages, or mobile apps are feasible and acceptable in reducing
HIV risk behaviors and enhancing health care utilization among
gay, bisexual, and other men who have sex with men (MSM)
[1-4]. The use of these tools is especially feasible in low- and
middle-income settings such as China, where smartphone
ownership exceeded 68% in 2016 [5] and MSM face sexualityand HIV-related discrimination and stigma in clinical settings
[6-8]. However, most of the currently available mHealth
intervention tools on the market were developed by the private
sector for profit and have limited direct input from MSM
communities [9,10], which may raise issues of acceptability
and effectiveness of such tools among the target population.

Objectives
To fill the gap in engaging MSM communities in developing
mHealth intervention tools to meet their specific needs in health
care, we applied the crowdsourcing approach of a hackathon to
solicit innovative designs of a mobile tool that aims to help
MSM find, access, and utilize MSM-friendly health services.
A hackathon is an intensive contest that brings together a diverse
group of participants from multidisciplinary backgrounds to
complete a health intervention–related task within a short period.
Hackathons are an innovative approach to generate ideas from
the target communities to address their needs [11,12].
Previous literature on health-related hackathons focused on
translating biomedical innovations from laboratory settings or
on general health care and health management [13-15]. A few
hackathons focused on developing an mHealth intervention.
The purpose of this paper was to describe a hackathon that aimed
to develop an mHealth intervention to improve health care
utilization (specifically HIV prevention and care) among
Chinese MSM, summarize characteristics of the final prototypes,
and discuss implications for future mHealth intervention
development.

Methods
Pre-Hackathon Formative Work
Before this hackathon contest, in partnership with Social
Entrepreneurship to Spur Health (SESH) and Blued (the largest
http://mhealth.jmir.org/2020/2/e16030/
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gay social networking app in China), the Shenzhen University
College of Mass Communication held a crowdsourcing contest
from February 2018 to March 2018 for designing concepts of
a mobile phone–based, MSM-friendly doctor mobile app. The
contest generated 103 exceptional concepts about the name,
logo, slogan, features, and functions of the MSM-friendly doctor
mobile app.
We then conducted 4 focus group discussions with 38 MSM in
Guangzhou and Shenzhen (July 2018), China, during which the
researchers showed the participants a video of the concepts of
an MSM-friendly doctor app platform; the platform’s name,
logo, slogan, and functions were designed by SESH based on
the abovementioned crowdsourcing outputs. Participants were
asked for feedback on refining the prototype design. A thematic
analysis of the results of the focus group discussions indicated
that MSM had unmet needs in health care utilization and such
a mobile, MSM-friendly doctor finder tool would be beneficial
to them for attaining better health. Focus group participants
highlighted the following functions that they wanted to see in
such a tool: (1) GPS location–based doctor finder, (2) mental
health support, (3) information and access to pre- and
postexposure prophylaxis, and (4) health education [16]. To
develop an mHealth prototype for this MSM-friendly doctor
finder, we organized an MSM-friendly doctor finder hackathon
contest between October 2018 and April 2019. Key information
of the formative work (including crowdsourcing outputs and
feedback from focus group discussions) was presented to
hackathon participants via images and text in the hackathon
contest handbook. A detailed description of the implementation
of this hackathon contest and its outputs is reported below.

Steering Committee Establishment
We invited 9 experts in psychology, public health, computer
science, social media, and clinical medicine to serve as steering
committee members. All committee members attended the
hackathon contest and provided guidance and advice to
participants. They were encouraged to communicate with
hackathon participants, but they were instructed to avoid
providing specific examples. The guidance for steering
committee members was based on a previous hackathon-like
event organized by SESH [17].

Participant Recruitment and Inclusion Criteria
An open call for hackathon participants was disseminated on
Blued, a free messaging app (WeChat), and a Chinese blogging
website (Weibo). The open call described the problem statement,
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16030 | p.82
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contest objectives, rules, timeline, and prizes (Textbox 1 and
Figure 1). We encouraged individuals who self-identified as
friendly to MSM and were interested in mobile app technology
to sign up for the hackathon. All applicants were required to
submit an application form that asked for information about
demographics, professional background, personal interests, and
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self-reported strengths in terms of participating in a hackathon.
Applicants were considered eligible for the hackathon if they
met the following criteria: (1) aged 18 years or older, (2)
interested in improving clinical services for MSM, and (3) were
able to be physically present in Guangzhou during the entire
hackathon.

Textbox 1. The problem statement and objectives presented in the hackathon manual (translated from the Chinese version).
The problem statement
Before your team starts to work, you need to fully understand the barriers that prevent gay people from accessing timely and appropriate health services,
so that you can ensure your design will meet their needs. We suggest you speak with your gay friends to learn about their health care experience, or
based on your own experience with providers, we advise you to think about the following questions:
•

How did your gay friend (or you) find a gay-friendly doctor or a gay-friendly health institution (eg, clinic and hospital)?

•

Was there any difficulty or problem that your friend (or you) encountered during the health care seeking process?

•

How can we solve these difficulties?

•

What are the characteristics or qualities that a gay-friendly doctor or health institute should have?

•

How will the answers to the above questions be incorporated into your design and development of the Web-based platform?

What we expect
The overall goal of this contest is to develop a Web-based platform to help identify gay-friendly doctors and link gay people to better and timely health
care, such as HIV- and sexually transmitted infections (STI)–related services. There is no restriction on the models of the platform. It can be in the
form of a stand-alone app, mini programs built in WeChat, or other modes. Your project should include but not be limited to the following contents:
•

Web-based searching: users will be able to search for STI doctors or dermatologists or search for related health clinics through the platform.

•

Web-based counseling: users could consult the doctor in terms of signs, symptoms, or other health questions, or they could ask for support for
disclosing to family or friends.

•

Web-based appointment and/or offline visit: users could schedule an appointment on the Web for an offline service.

•

Web-based feedback: after the offline service, users will be able to post feedback on their experience and comments to the doctor, which can be
shared with other users.

Prizes
•

Monetary prize: first prize of renminbi (RMB) 20,000 (approximately US $3000), second prize of RMB 10,000 (approximately US $1500), and
third prize of RMB 3500 (approximately US $500).

•

Internship: members from selected teams will be offered an internship at Blued.

•

Priority admission: students who will graduate in 2019 will be prioritized for job admission at Blued.

•

Gifts: every contest participant will receive a small gift.
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Figure 1. A screenshot of the call for applicants (advertised on Chinese social media). It introduced the health needs among men who have sex with
men, expected functions of mobile health tools for enhancing health care utilization, procedure on how to apply, participants’ eligibility criteria, timeline
of the hackathon contest, and judging process.

Creating Teams
The flow of preparation for the hackathon contest is illustrated
in Figure 2. Applicants were independently evaluated and scored
from 0 to 10 by 3 members from the steering committee based
on 3 criteria, including background (relevant academic or
working experience and ever attended any MSM-related
activity), professional skills (good at Photoshop and Python),
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and teamwork capacity (“as a team member, how you will
contribute to your team?”). The 3 scores of the applicants were
averaged and ranked, and the top 40 applicants were selected
as finalists. Finalists were further grouped into 8 teams based
on their merits and expertise areas. Each team had 4 to 5
members, including 2 members with computer science skills,
1 member or 2 members with design skills, and 1 member with
medical or public health knowledge.
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Figure 2. Flowchart of preparation for the hackathon event.

Hackathon Process
Considering the heavy workload of developing a complete
mHealth app within a short period, each team was allowed to
prepare for the hackathon 1 month before the in-person
hackathon contest. During this 1 month, teams sketched
concepts, conducted formative work to inform their designs,
and started coding. An MSM-friendly hackathon manual
(Multimedia Appendix 1) was shared with all participants, which
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provided information regarding the challenges MSM face when
seeking health services and the hackathon process.
The final hackathon contest was held at a university building
in Guangzhou, China. A total of 38 participants from the 8 teams
attended the 72-hour in-person hackathon. Their transportation,
accommodation, meals, and insurance were provided.
Participants were instructed verbally and in writing in the
hackathon manual (Multimedia Appendix 1) to follow all local
laws and regulations during the hackathon contest and in the
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design of their prototype. Teams were encouraged to
communicate and exchange ideas with on-site mentors. Mentors
included the 9 experts from the steering committee. At the end
of the 72-hour hackathon, each team had 15 min to present their
prototype to the judging panel and had 5 min for questions and
answers.

Judging Process
In addition to the 9 members of the steering committee, a leader
from a local MSM community–based organization was invited
to join the judging panel. This 10-person judging panel evaluated
the final prototypes based on the following criteria: (1) the
prototype should have innovative features that aim to help MSM
access Web-based and/or offline health care services
(innovation), (2) the prototype should have a user-centered
design (usability), and (3) the prototype should be feasible to
use (assessed based on technical feasibility, compatibility with
the local context, regulations and laws, and whether the
prototype could provide sustainable motivation to doctors and
MSM for using the tool). Each criterion was given equal weight
and was assigned a score between 0 and 10. The final score for
a prototype was up to 30 points in total.

Ethical Statement
This hackathon contest was not a research activity with human
subjects. Data from the event were deidentified and not
considered human subjects research. All applicants to the
hackathon and the final participants were required to use
nicknames throughout the contest. A disclosure of what
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information would be requested and how the information would
be used was presented to the applicant before the applicant
agreed to submit the application.

Results
Participants
We received 92 applications in total. After the application
screening and evaluation by the members of the steering
committee, 40 finalists were invited to attend the hackathon, of
which 2 applicants dropped out before the final contest because
of time conflicts. We chose to limit the hackathon contest to 40
participants (8 teams) primarily for feasibility and resource
considerations regarding funding, venue size, and staff capacity.
Table 1 presents the characteristics of the final 38 participants.
A total of 9 participants were from Guangzhou and Shenzhen
in Guangdong Province. Moreover, 5 participants were from
Beijing, and 5 participants were from Shanghai. In addition, 33
of 38 (87%) participants were men. Furthermore, of the 48
participants, 24 (64%) self-identified as gay, 3 identified as
bisexual, and 8 identified as heterosexual. Participants’ age
ranged from 18 to 39 years, with 58% (22/48) of the participants
aged between 18 and 23 years, with a median age of 23 years.
Participants had diverse disciplinary backgrounds, including
computer science (15/38, 40%), user interface/graphic design
(11/38, 29%), clinical (5/38, 13%), business (4/38, 11%), and
public health (15/28, 38%). Half of the participants had never
participated in any MSM-related events or contests before.
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Table 1. Demographic characteristics of the hackathon participants (N=38).
Variables

Value, n (%)

Province/city
Guangdong

9 (24)

Beijing

5 (13)

Shanghai

5 (13)

Hebei

4 (11)

Shandong

3 (8)

Sichuan

3 (8)

Hunan

2 (5)

Hubei

2 (5)

Others (Zhejiang, Henan, Shanxi, Guangxi, and Liaoning)

5 (13)

Gender
Male

33 (87)

Female

5 (13)

Sexual orientation
Gay

24 (63)

Heterosexual

8 (21)

Bisexual

3 (8)

Do not want to disclose

3 (8)

Age (years)
18-23

22 (58)

24-29

11 (29)

≥30

5 (13)

College students
Yes

18 (47)

No

20 (53)

Background
Computer science

15 (40)

Designing

11 (29)

Clinical

5 (13)

Business

4 (10)

Public health

3 (8)

Ever attended any men who have sex with men–related activity
Yes

19 (50)

No

19 (50)

Final Products
All 8 teams developed a prototype tool by the end of the 72-hour
contest. A total of 4 prototypes were designed as a mini program
that could be embedded within a popular Chinese social
networking app, and 3 prototypes were designed as stand-alone
mobile apps. Moreover, 1 prototype adopted a more flexible
structure that could be adjusted to multiple platforms, including
webpages, mini programs, and/or built-in app functions. Some
common functions across all the prototypes include Web-based
http://mhealth.jmir.org/2020/2/e16030/
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doctor searching based on one’s location (8 prototypes), health
education (4 prototypes), Web-based health counseling with
providers or lay health volunteers (6 prototypes), appointment
scheduling (8 prototypes), and between-user communication (2
prototypes). All 8 prototypes included some designs of user
privacy protection through offering anonymous counseling for
both MSM and/or provider users
A total of 4 out of the 8 prototypes were selected as the finalists
by the multidisciplinary judge panel based on the prototype’s
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innovation, usability, and feasibility (see Table 2 for detailed
descriptions of the strengths and weaknesses of the first 4
prototypes). The prototype of the first prize winner (group 1)
was designed as a cross-device Web-based platform that aims
to recruit junior physicians and trained health counseling
volunteers to provide Web-based text-based counseling services
to MSM. It proposed multiple motivation strategies for physician
engagement, such as MSM-friendly service trainings,
continuation of medical education credit, and payment and

bonus sharing mechanisms. At the same time, it allowed MSM
users to start with a free trial period and then transition to
fee-based services. The prototype of the second prize winner
(group 2) integrated professional psychological counseling, peer
support, and daily mood tracking into a single stand-alone app,
which offers functions such as location-based physician
recommendations, Web-based one-to-one counseling, and
anonymous peer communication channel for social support.

Table 2. Awarded prototypes developed during the hackathon and their strengths and weaknesses identified by the judge panel.

a

Team

Prototype design

Strengths

Weaknesses

Group 1
(first)

A cross-device Web-based platform, recruiting
junior physicians and lay health volunteers to
provide services to men who have sex with
men

Mobilize community resources: actively engages
volunteers from local gay/HIV-related organizations; provide professional development opportunities: provides gay-friendly services training
to physicians and provides multiple incentive
mechanisms to motivate physician engagement
(eg, continuing medical education credit and
pay-for-service); financial sustainability: users
will be able to try the service for free at first and
then choose a payment plan for continuous services; compatibility: could be embedded within
an existing gay social networking app

Difficulty in recruiting physicians
to join at the very beginning, given
the trainings required and free services offered at the beginning; the
platform was not well developed by
the end of the contest

Group 2
(second)

A stand-alone app, providing GPS location–based physician recommendation, Webbased counseling, and personal health record
management

Addresses both physical and mental health care;
social support: provides a platform for users to
obtain peer support (anonymous forum to share
experience and interact with others); health selfmanagement: provides a platform for users to
track their daily emotional status, with individual
tailored feedback; user engagement: users can
earn tokens via completing app activities, and
use the tokens for rating physicians

Registration/log-in by users’ mobile
phone number may be less confidential; high human resource cost for
complicated qualification review for
content that will be published in the
app

Group 3
(third)

A stand-alone app, providing physician referral Innovative feature: has an AI-enabled dermatolto offline clinics, Web-based counseling, and ogy assessment to identify users’ specific needs;
inclusion of both physicians and public health
AIa-enabled dermatology assessment
practitioners: offers a searching function for all
types of health professionals (clinic-based
providers and Centers for Diseases Prevention
and Control-based providers) and gay healthrelated volunteers

Heavy cost and uncertain accuracy
of AI-enabled disease assessment;
highly complicated user interface
and many functions within a single
app

Group 4
(fourth)

A WeChat mini program that provides Webbased counseling, medical history and medication management, health education, and free
testing tools

Too much individual knowledgebased education that somehow
deemphasizes medical support; unsure whether there is medical support offered after self-testing

Formative research: the team conducted extensive formative research on unmet health needs
among gay men before the contest; mobilize
community resources: hiring both lay health
volunteers (to answer gay-related questions that
physicians may not understand) and medical
professionals; innovative feature: live video
streaming–enabled health education; HIV/sexually transmitted infections testing promotion:
provides free testing toolkits that users could
order from the platform

AI: artificial intelligence.

The third prize winner (group 3) proposed a stand-alone app
with a comprehensive range of functions, including Web-based
counseling, referral, or appointment setting to offline health
services, artificial intelligence–enabled dermatology assessment,
health education, health self-management, and a search function
for nearby physicians and MSM health-related volunteers. The
fourth prize winner (group 4) designed a mini program
embedded within a gay social networking app, including
functions such as Web-based physician counseling, medical
http://mhealth.jmir.org/2020/2/e16030/
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record and medication management, health education with MSM
voluntary advisors, and HIV testing promotion through
disbursing free testing toolkits. The remaining 4 prototypes
(detailed descriptions are available in Multimedia Appendix 2)
shared similar primary functions such as physician listings based
on one’s location and Web-based counseling or making an
appointment for offline services, but these were less responsive
to MSM’s specific health needs as compared with the first 4
finalists.
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After the contest, each team nominated 1 team member to be
considered for an internship at Blued. These 8 nominees were
then interviewed and assessed based on their professional
background, performance at the contest, and other eligibility
criteria (eg, time conflicts or noncompete clause). Ultimately,
5 nominees were selected by Blued for internships. Furthermore,
the final 4 selected prototypes were all presented to Blued and
were under technical review. A pilot study has been planned to
test the acceptability and feasibility of the prototype of fourth
prize winner (group 4) in an urban-based setting in central
China.

Discussion
Principal Findings
Our hackathon event represents an innovative approach to
engage multiple stakeholders to develop mHealth interventions.
This hackathon event brought together diverse individuals to
generate 8 complete prototypes that could help MSM access
local health services. The major functions that were found
innovative and responsive to MSM’s specific health needs
include Web-based counseling and appointment for offline
services, provider training, engagement of MSM volunteers or
peer support, and user’s privacy considerations. This paper
extends our knowledge in health intervention tool development
for MSM by accelerating the translation of innovative
intervention ideas from research findings to real-world
application in middle-income settings such as China, thereby
raising public awareness about the challenges faced by MSM
in accessing health care services and engaging multiple
community stakeholders in the health promotion process.

A Crowdsourcing Approach to Empower Community
Hackathons are a feasible approach to create tailored health
interventions for marginalized populations such as MSM.
Although the penetration rate of smartphones keeps rising in
low- and middle-income countries where there are large numbers
of sexual minorities [18], only a few interventions have
incorporated the wisdom of MSM crowds into interventions
[14]. Hackathons offer a platform for accelerating the
development of digital solutions with input from multiple
stakeholders, which could empower MSM communities and
ultimately result in more effective interventions. Furthermore,
a conventional public health intervention development process
typically includes slower evolution from formative research to
intervention design, pilot testing in a controlled environment,
and eventual implementation [19]. In contrast, the hackathon
approach bridges the gap among researchers, technology experts,
and potential beneficiaries, while accelerating the translation
of research-driven ideas into real-world solutions.
Hackathons may help to improve MSM community engagement
in public health promotion. All 4 finalists focused on mobilizing
MSM community resources through employing MSM as paid
lay health advisors or unpaid voluntary peer supporters. This
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study provides a participatory approach to redress power
imbalances among community, research, and technology
partners. Previous mHealth interventions for HIV care services
among MSM in Chinese settings were mainly delivered to MSM
via preprogrammed messages or direct individual
communication between MSM and trained interventionists,
with little community mobilization [3,20,21]. Although 1
Web-based intervention with a component of peer support
feature was found effective in promoting HIV testing among
Chinese MSM in Chengdu, the selection and training of peers
were still mainly driven by academic experts without sufficiently
empowering the community to help identify and mobilize
potential resources [2]. Even within the global literature,
community mobilization has been traditionally used for
developing in-person health interventions in low- and
middle-income settings rather than being used for developing
mHealth tools [22-24]. With the growth of digital health
solutions, our project provides an innovative example of how
to use hackathons as an effective and convenient way to
mobilize MSM communities in generating mHealth solutions
to meet their own health needs, which could further potentially
reduce external stigma and self-stigma against sexual minority
populations.
We found that all prototypes had a range of tools to safeguard
MSM users’ privacy, such as anonymous counseling,
anonymous peer communication, and Snapchat messages, which
allows MSM users to individualize account settings according
to their perceived risk of breaching privacy. Formative research
findings suggest that Chinese MSM prefer not to include any
HIV- or gay-related identification in the appearance of mHeath
intervention designs to avoid unintended disclosure of sexual
orientation or HIV status [25]. A study found that including a
feature of between-user communication is not universally
accepted as some MSM perceived that such virtual relationships
may exacerbate one’s social isolation in real life [26].

Limitations
There are several limitations worth noting. First, this paper is
a descriptive report of the hackathon’s process and results. The
winning prototypes were chosen but not yet tested in real-world
settings. Although we collected and analyzed all judges’ written
comments on all final prototypes, we do not have robust
qualitative or quantitative assessment data to comprehensively
evaluate the 8 final prototypes. Second, the experience of a
single hackathon within a single location, although the teams
came from diverse backgrounds and geographic regions, may
not reflect the diverse needs of MSM in China or elsewhere.
Generalizing these findings to other settings should be done
with caution. However, this paper breaks new ground in
organizing and reporting hackathon events for mHealth
intervention development in middle-income settings (advice
for future events is reported in Textbox 2), which can help to
set a solid foundation for future explorations.
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Textbox 2. Advice for future hackathon events in similar contexts.
Challenges and potential solutions
•

Problem recruiting men who have sex with men (MSM) as judges (potential solution: including MSM who do not openly identify as gay):
Interventions developed with input from the target population are more likely to be attractive, engaging, and effective [27,28]. Although our
hackathon contest engaged MSM as participants, judges, and steering committee members, we had difficulty in identifying openly gay hackathon
judges. However, given the concerns about stigma toward sexual minority groups and ensuring privacy, we did not require that men disclose
their sexual orientation to the hackathon organizing team. We included a range of potential stakeholders, including men who disclosed their
sexual orientation and those who did not.

•

Problem recruiting sufficient number of participants with computer science/programming experience (potential solutions: (1) wide dissemination
through Web-based platforms and pre hackathon planning and (2) allow for programming preparation before the actual Hackathon contest):
One of the primary goals of a hackathon contest is to develop a functional prototype, which requires a certain level of programming ability.
Although most of our 8 teams finished the programming for their prototype by the end of the 72-hour contest, we had difficulty in recruiting
people with technical experience in computer programming. In our hackathon, we partnered with Blued, a gay social networking company, to
expand our recruitment strategies. We also allowed each team to start designing and programming 1 month before the actual contest, which
partially compensated for this limitation.

Conclusions
Hackathons are a feasible approach to engage multiple
community stakeholders in generating mHealth interventions.

Similar community-based mHealth intervention development
approaches could be used in other settings. More research is
needed to evaluate the public health impact of the interventions.
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Abstract
Background: Specialty consultation is a critical aspect of emergency department (ED) practice, and a delay in providing
consultation might have a significant clinical effect and worsen ED overcrowding. Although mobile electronic medical records
(EMR) are being increasingly used and are known to improve the workflow of health care providers, limited studies have evaluated
their effectiveness in real-life clinical scenarios.
Objective: For this study, we aimed to determine the association between response duration to an ED specialty consultation
request and the frequency of mobile EMR use.
Methods: This retrospective study was conducted in an academic ED in Seoul, South Korea. We analyzed EMR and mobile
EMR data from May 2018 to December 2018. Timestamps of ED consultation requests were retrieved from a PC-based EMR,
and the response interval was calculated. Doctors’ log frequencies were obtained from the mobile EMR, and we merged data
using doctors’ deidentification numbers. Pearson’s product-moment correlation was performed to identify this association. The
primary outcome was the relationship between the frequency of mobile EMR usage and the time interval from ED request to
consultation completion by specialty doctors. The secondary outcome was the relationship between the frequency of specialty
doctors’ mobile EMR usage and the response time to consultation requests.
Results: A total of 25,454 consultations requests were made for 15,555 patients, and 252 specialty doctors provided ED specialty
consultations. Of the 742 doctors who used the mobile EMR, 208 doctors used it for the specialty consultation process. After
excluding the cases lacking essential information, 21,885 consultations with 208 doctors were included for analysis. According
to the mobile EMR usage pattern, the average usage frequency of all users was 13.3 logs/day, and the average duration of the
completion of the specialty consultation was 51.7 minutes. There was a significant inverse relationship between the frequency
of mobile EMR usage and time interval from ED request to consultation completion by specialty doctors (coefficient=–0.19;
95% CI –0.32 to –0.06; P=.005). Secondary analysis with the response time was done. There was also a significant inverse
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relationship between the frequency of specialty doctors’ mobile EMR usage and the response time to consultation requests
(coefficient=–0.18; 95% CI –0.30 to –0.04; P=.009).
Conclusions: Our findings suggest that frequent mobile EMR usage is associated with quicker response time to ED consultation
requests.
(JMIR Mhealth Uhealth 2020;8(2):e14487) doi:10.2196/14487
KEYWORDS
electronic medical record; emergency department; mobile health; time efficiency

Introduction

Methods

Background

Study Setting

Specialty consultation is a critical aspect of emergency
department (ED) practice [1]. Specialty consultation occurs
when an ED doctor contacts a specialty doctor to decide the
disposition of patients who require care beyond the scope of
ED services. There are five types of specialty consultations:
admission, seeking opinion, special procedures, transfer of care,
and outpatient referrals [2].

This retrospective study was conducted in the ED of Samsung
Medical Center, Seoul, South Korea. The ED is part of a tertiary
academic teaching hospital with 2000 inpatient beds and daily
average outpatient visits of more than 9000 in 2018. The ED
consists of 69 treatment beds and admits an average of 200
patients daily. The total number of ED cases in 2018 was
approximately 79,000. The study protocol was reviewed and
approved by the Samsung Medical Center Institutional Review
Board (IRB #2019-01-113-001).

A delayed response from the specialty doctor can cause
disposition delay and contribute to ED crowding, which has
been a critical public health concern [1,3-6]. It can also result
in conflicts and misunderstanding among doctors, which can
even lead to life-threatening outcomes for the patients and legal
problems for the doctors [1]. Although many studies have
suggested ways to manage consultation delays [2,7,8],
consultation is still a laborious task. Strategies to reduce
consultation delay should be considered and implemented.

Mobile Technology
Mobile electronic medical records (EMR) are being increasingly
used by health care providers [9-11]. Several studies have
reported that ubiquitous access to patient data through mobile
EMRs and their portability in real-time can help doctors work
more efficiently [12,13]. Studies conducted in EDs with mobile
devices or mobile EMRs showed positive results for the
improvement of clinical flow and efficiency [14-16]. However,
given that mobile EMR usage has been generally low and varies
among doctors [10,17,18], most studies evaluated the impact
of mobile EMR using surveys or simulation methods [12,14-16].
To the best of our knowledge, none of the previous studies
evaluated time efficiency in a real clinical setting for the
frequency of mobile EMR usage.

Study Objectives
In this study, we aimed to determine the association between
doctor’s response duration to ED consultation requests and their
frequency of mobile EMR use.
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Mobile Electronic Medical Records
The hospital’s EMR system, known as DARWIN (Data Analysis
& Research Window for Integrated kNowledge), was launched
in July 2016 with both PC and mobile versions. The mobile
DARWIN (mDARWIN) is based on Android 2.3 Gingerbread
(Google Inc, Mountain View, California, United States) and
has Wi-Fi and 3G capabilities. It consists of the main menu,
list-level features, and patient-level features. After logging in
to the system using their identification number and password,
users can select from the main menu to view a list-level feature
or select a function. From each list-level feature, users can select
patient-level features for more activities or leave and move to
other list-level features. Each session closes either when a user
logs out or after no activity has taken place for a certain amount
of time. The mDARWIN also supports fingerprint log in and
near-field communication.

Specialty Consultation Process
A specialty consultation involves three necessary steps: (1)
sending a request; (2) responding to the request; and (3)
answering the request (Figure 1). All consultations are requested
through EMR except for the radiology department’s
interpretations of imaging findings, which is done via a PC
messenger. When an ED doctor makes a specialty consultation
request to a specific specialty department in the “Specialty
consultation administration” window in the EMR, the written
request is immediately sent via a mobile EMR notification and
mobile text message to the on-call doctor in the department at
the time of consultation request (Figure 2).
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Figure 1. The specialty consultation process flow and outcome measurement of the study. The primary outcome was a measurement of the interval
between consultation request and draft consultation note, while the secondary outcome used the interval between consultation request and response.
ED: emergency department; EMR: electronic medical record.

Figure 2. Screenshots of a consultation request made via mobile electronic medical record popup (left, middle) or text message (right).

The specialty doctor acknowledges the consultation, which is
verified by opening the mobile EMR notification or using the
nearest PC EMR at that time. Either of these two actions is
recorded as a response in the “Specialty consultation
administration,” and the ED doctor is notified of the delivery
of their consultation to the specialty doctor. The specialty doctor
then goes to the ED and sees the patients. After examining the
patients, the consultation note from the specialty doctor can be
written only via PC-based EMR and not mobile EMR. The
timestamp of drafting and completing the consultation note is
recorded, and a completed consultation note by the specialty
doctor is considered the closing of the consultation. The ED
doctor can then make decisions on patient disposition according
to the note.

emergency departments, which have different consultation
processes, were also excluded. Doctors were categorized based
on occupation (staff, fellows, and residents) and specialty
(physician, surgeon, or another hospital-based group). The
physician group consisted of internal medicine, the surgeon
group was comprised of general surgery, neurosurgery, thoracic
surgery, otolaryngology, ophthalmology, obstetrics/gynecology,
orthopedic surgery, plastic surgery, and the urology department.
The other hospital-based groups included critical-care medicine,
dentistry, neurology, psychiatry, radio-oncology, and
rehabilitation medicine. Consultations lacking time information
due to missing consultation notes, or consulting without
responses, were excluded.

Study Subjects

Timestamp data on emergency consultations were retrieved
from the EMR of the patients admitted to the ED during the
study period. Data on three types of timestamps were collected:
(1) time of consultation request by the ED doctor, which is
recorded in the PC EMR by the requesting ED physician; (2)
time of response made by the specialty doctor, which is recorded

We analyzed specialty consultations for patients presented to
the ED from May 2018 to December 2018. Patients who left
without being examined or patients who were transferred
directly to another location, like the delivery room, were
excluded. Specialty consultations of radiology, pediatric, and
http://mhealth.jmir.org/2020/2/e14487/
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physician; and (3) time of drafting the consultation note by the
specialty doctor, which is recorded when the specialty doctor
selects “draft consultation note.” Then, the time intervals were
calculated, with time interval (1) to (3) defined as the
consultation completion interval, and time interval (1) to (2)
defined as the consultation response interval.
The frequency of mDARWIN usage was extracted from the log
data. Frequency was defined as the sum of all event logs such
as log in, selecting an option, log out, and other actions on the
mDARWIN. The overall usage of individual features in the
mDARWIN was examined by summarizing the usage
frequencies of features from the log data. Timestamp data were
merged with doctors’ log frequency data using doctors’
deidentification numbers. The merged data were then analyzed.

Outcome Measures and Sensitivity Analysis
The primary outcome was the relationship between the
frequency of mDARWIN usage and the consultation completion
interval. The drafting of the consultation note is considered to
be the completion of the request. The ED physician then
discharges the patients according to the consultation note. If the
consultation note by the specialty physician advises further
examinations, such as laboratory tests or additional radiological
tests, the disposition decision will be delayed until the advised
tests have been completed. The interval time from drafting the
consultation note to finalizing the consultation note is
determined by patient factors rather than workflow. Without a
conclusion, answer of disposition, or additional examination of
the consulted patient, the specialty physician cannot write a
consultation note; the drafting of the consultation note, therefore,
indicates the end of the consultation process.
Subanalysis was performed with the group of specialty doctors
who had left log records between the timestamp of the ED
consultation request and the timestamp for drafting the
consultation note. We calculated the median mobile log

Jung et al
frequency for this group and compared the median interval time
between the high-frequency group (higher than the median
frequency) and the low-frequency group (lower than the median
frequency).
The secondary outcome was the relationship between the
frequency of mDARWIN usage and the consultation response
interval. The primary and secondary outcomes are depicted in
Figure 1.

Statistical Analysis
Continuous variables are expressed in terms of averages and
standard deviations, and categorical variables are expressed in
frequencies and percentages. To identify a correlation between
frequency and time intervals, we performed Pearson’s
product-moment correlation and analyzed the summary of the
linear model. The differences between the groups were examined
using a one-tailed Student’s t test for categorical variables. P
values <.05 were considered significant. Data analyses were
performed using R software version 3.4.2 (The R Project for
Statistical Computing, Vienna, Austria).

Results
Characteristics of the Subjects
A total of 54,200 patients visited the ED during the study period.
After excluding patients based on the exclusion criteria, 25,454
emergency consultations of 15,555 ED patients were included
in the analysis. After excluding consultations lacking time
information, 21,885 consultations were included in the analysis.
Figure 3 presents the flowchart of subject inclusion. Multimedia
Appendix 1 presents the demographics of the included subjects.
Severity was assessed using the Korean Triage and Acuity Scale
(KTAS), which was developed based on the Canadian Triage
and Acuity Scale and is used across all Korean EDs. KTAS
Level 1 indicates the highest acuity or severity of distress, and
level 5 indicates the lowest [19].

Figure 3. Flowchart of patient inclusion in the specialty consultation process. ED: emergency department; NA: No information about consultation
department.
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A total of 21,885 consultations were done, and 252 specialty
doctors responded to these ED consultation requests. The
specific departments of consultations are shown in Multimedia

Appendix 2. The demographic characteristics of the doctors
who provided consultations are shown in Table 1. Figure 4
provides mDARWIN usage patterns by group.

Table 1. Demographics of doctors related to specialty consultations.
Department

a

Position, n (%)
Staff and fellows

Resident

Physician group (n=86)

45 (52)

41 (48)

Surgeon group (n=120)

13 (11)

107 (89)

OHBPa group (n=46)

19 (41)

27 (59)

OHBP: other hospital-based physician.

Figure 4. Median consultation completion interval and log frequency of doctors who used mobile electronic medical records in specialty consultation.

Log Data
During the study period, a total of 2,170,625 mobile EMR logs
were created by 742 doctors of 39 specialty departments.
Doctors included 218 professors (29%), 140 clinical fellows
(19%), and 384 residents (52%). Of the 742 doctors, 208 used
mobile EMR in the consultation process, and the following
distribution was observed: physician group=34.6% (72/208),
surgeon group=51.9% (108/208), and other hospital-based
physician groups=13.5% (28/208). According to the mDARWIN
usage pattern, the average log frequency of all users per day
was 13.3, and the average time to complete the specialty
consultation was 51.7 minutes. Among the three doctor groups,
the physician group used mobile EMR more frequently (average
usage=19.4) than the other groups, and the average period to
complete the specialty consultation was the fastest at 45.3
minutes.
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Pearson’s Product-Moment Correlation
The results of the Pearson’s product-moment correlation (Figure
5) showed that consultation completion interval time had a
significant inverse relationship with mobile EMR usage
frequency (coefficient=–0.19; 95% CI –0.32 to –0.06; P=.005).
Subgroup analysis classified specialty doctors who had left
mobile logs in the consultation completion interval by frequency
using the median. The median frequency was 2834, and
completion time for the specialty doctors with high frequency
(over 2834) was 78 minutes, while the completion time was 84
minutes for specialty doctors with low frequency. The difference
was not statistically significant (Multimedia Appendix 3).
The same analysis with different response interval times was
performed to analyze the secondary outcome. There was a
significant inverse relationship between the response interval
time and mDARWIN usage frequency (coefficient=–0.18; 95%
CI –0.30 to –0.04; P=.009) (Figure 6).
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Figure 5. The correlation between consultation completion interval and mobile electronic medical record frequency. EMR: electronic medical record.

Figure 6. The correlation between consultation response interval and mobile electronic medical record frequency. EMR: electronic medical record.
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This study aimed to explore the association between mobile
EMR usage and specialty consultation time based on mobile
EMR log data and EMR timestamp data. Our findings indicate
that specialty doctors using mobile EMR frequently responded
to ED consultation requests quicker and answered ED
consultations with less time than the less frequent users (Figure
5 and Figure 6). This result implies that mobile EMR might be
helpful in effectively managing consultation delays.

might be attributable to the features of mobile technology, such
as the immediate alarm function in the mobile device and
ubiquitous accessibility to mobile EMR. Before the mobile
EMR alarm system, most of the communication about ED
consultation was done via text message and phone calls.
Notification of consultation via mobile EMR has helped
eliminate redundant communication and deliver the patient
information in the mobile EMR itself. While communication
through mobile messenger has a potential risk to the security
of the patient’s information when using personal devices [27,28],
mobile EMR with access restriction is a much safer alternative
for preventing confidentiality breaches.

To ensure consistency in the results, we performed the
subanalysis with specialty doctors who left log records between
receiving the request and drafting the consultation note. Our
findings showed consistent results on the association between
time interval and mobile EMR usage frequency, for both primary
and secondary outcome measures, without statistical
insignificance (Appendix 3).

As the contents of the mobile EMR to cover patient information
is narrower than that of the EMR, it is important to consider the
information covered in the mobile EMR. Different doctors and
tasks require different contents [29]. Heavy information might
result in fatigue, and light information might make the
notification useless. Summarized patient information should be
emphasized.

Because ED consultations are unpredictable, the specialty
physician’s actions after recognizing a consultation request vary
from immediate to delayed, due to the demands of their daily
jobs. Some specialty physicians could respond immediately and
concentrate only on the ED consultation, while others inevitably
dealt with ED consultations and other jobs simultaneously. In
the analysis of real-world retrospective data, it is difficult to
know whether all log data are related to ED consultation, even
if log data appears in the interval between consultation requests
and drafting consultation notes. Instead of cutting log data, we
analyzed the total log data frequency. Nevertheless, the steps
“response to request” and “drafting consultation note” after
concluding the consultation process are unchangeable. For this
reason, we analyzed the intervals between steps.

A previous study pointed out that doctors tended to
underestimate mobile EMR objective improvement in response
time, which resulted in its lower usability [15]. Of the 252
doctors included in this study, 17.4% of doctors (44/252) never
used mobile EMR to manage consultations. There were several
reasons for using only PC, such as not using an Android phone,
unfamiliarity with the device, or not being aware of mobile
EMR. It is difficult to determine the reasons for doctors not
using mobile devices in this study. Surveying the nonuser group
is a key to enhancing the usability of mobile EMR.

Discussion
Principal Findings

Mobile Electronic Medical Records in Real Emergency
Department Flow
ED crowding is generally estimated by length of stay [20], and
length of stay is affected by three factors: input, throughput,
and output factors [21]. Delayed response to ED consultation
is a crucial independent variable of throughput and output factors
of ED overcrowding conceptualization [1,22]. In the initial
stages of the implementation of computerized EMR, text
messaging and the use of a consultation management application
were suggested, both of which were efficient [7,8]. Considering
the accelerated use of mobile EMR in the present times, this
study suggests the effectiveness of ED consultations.
The adoption of a mobile device in health care practice has
generally contributed to improvement in clinical workflow,
timeliness of communication, and patient safety [15,23-25]. A
previous study reported that mobile communication using
WhatsApp messenger could reduce consultation delays [26].
However, to the best of our knowledge, this study is the first to
reveal that workflow efficiency and mobile EMR usability,
represented by response interval and log frequency, are
positively related to real-life ED settings. The improvement
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Limitations
This study has some limitations. First, as this study was a
single-center and single-department study of its system, the
findings have limited generalizability. However, consultation
delay remains a challenge, with many limitations that need to
be addressed [8,30]; the use of the mobile EMR system has
been shown to be valuable in terms of evidence.
Second, because the results of this study were based on an
analysis of mobile log data, the reasons for usage patterns were
not considered. An additional mixed-methods analysis, such as
a user interview or survey, might better explain the usefulness
of a mobile EMR system in the consultation process [31], and
further evaluation of its usability might provide a clearer picture.
Third, we could not determine the causality of log data because
we analyzed the entire log dataset. Although the entire log
sufficed to achieve the study aim, an observational study using
the small cut log of mobile EMR would be needed to
demonstrate the association between behavior and mobile EMR
usage.

Conclusion
Our findings suggest that frequent usage of mobile EMR is
associated with improvement in ED consultation delays.
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Abstract
Background: Smartphone apps are increasingly used for diabetes self-management because of their ubiquity and ability to help
users to personalize health care management. The number of diabetes apps has proliferated in recent years, but only a small subset
of apps that pose a higher risk are regulated by governmental agencies. The transparency and reliability of information sources
are unclear for apps that provide health care advice and are not regulated by governmental agencies.
Objective: This study aimed to assess the transparency and reliability of information disseminated via diabetes apps against 8
criteria adapted from the Health On the Net code of conduct (HONcode) principles.
Methods: English-language diabetes-related terms were searched on a market explorer (42matters) on June 12, 2018. Apps
with medication and blood glucose management features were downloaded and evaluated against the App-HONcode criteria
adapted from the 8 HONcode principles: authoritative, complementarity, privacy, attribution, justifiability, transparency, financial
disclosure, and advertising policy. Apps were profiled by operating platforms (ie, Android and iOS) and the number of downloads
(ie, Android only: ≥100,000 downloads and <100,000 downloads).
Results: A total of 143 apps (81 Android and 62 iOS) were downloaded and assessed against the adapted App-HONcode criteria.
Most of the apps on the Android and iOS platforms fulfilled between 2 and 6 criteria, but few (20/143, 14.0%) apps mentioned
the qualifications of individuals who contributed to app development. Less than half (59/143, 39.2%) of the apps disclaimed that
the information provided or app functions do not replace the advice of the health care provider. A higher proportion of iOS apps
fulfilled 5 or more App-HONcode criteria compared with Android apps. However, Android apps were more likely to have the
developer’s email listed on the app store (Android: 75/81, 98%; and iOS: 52/62, 84%; P=.005) compared with iOS apps. Of the
Android apps assessed, a significantly higher proportion of highly downloaded apps had a privacy and confidentiality clause
(high downloads: 15/17, 88%; and low downloads: 33/64, 52%; P=.006) and were more likely to discuss their financial sources
(high downloads: 14/17, 82%; and low downloads: 32/64, 50%; P=.03) compared with apps with a low number of downloads.
Conclusions: Gaps in the disclosure of the developer’s qualification, funding source, and the complementary role of the app in
disease management were identified. App stores, developers, and medical providers should collaborate to close these gaps and
provide more transparency and reliability to app users. Future work can further examine the consent-seeking process for data
collection, data management policies, the appropriateness of advertising content, and clarity of privacy clause of these apps.
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Introduction
Background
Smartphone apps, software designed to run on mobile devices,
have integrated into many aspects of daily lives and are
increasingly used for disease management. For example, there
are more than 2000 consumer apps to choose from to
self-manage diabetes [1]. In contrast to Web-based information
accessed from the computer, apps can help the user to
conveniently access information with their portability and
improved technological capabilities, such as increased human
interaction, interoperability with other devices, and easy data
collection. Health apps can have a multitude of uses, including
offering advice on healthy living, communication with health
care providers, and providing decision support through granular
biometric data collection (eg, blood glucose) [2-4]. The adoption
of health apps for chronic conditions such as diabetes is expected
to grow [5]. There are currently 2.5 billion smartphone users in
the world [6] and more than 300,000 health apps available for
consumer download [5].
One main reason for the proliferation of health apps is the low
barrier of entry for app developers to publish apps [3]. Although
the 2 major app stores (ie, Apple and Google Play) review apps
before publication (Multimedia Appendix 1), many apps that
do not conform to the prereview checklist fall through the cracks
and are published. The regulation of app stores also falls outside
the purview of governmental agencies, such as purview of the
Food and Drug Administration (FDA) [7]. Only a small subset
of apps that can pose a higher risk and meet the regulatory
definition of device are regulated by the FDA [8-10]. Therefore,
apps with inaccurate content or advertisements may still be
published and be available to consumers [11-13]. The lack of
transparency regarding an app’s source of content may
compromise the reliability of the information it disseminates
[9,14,15] and can potentially mislead or cause harm to patients
who have low health literacy [16].
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Concerns over the credibility and reliability of Web-based health
information sources began to surface in the early days of internet
usage [17,18]. The Health On the Net code of conduct
(HONcode), which covers 8 principles (ie, authoritative,
complementarity,
privacy,
attribution,
justifiability,
transparency, financial disclosure, and advertising policy) for
website certification, was developed to help guide and
standardize the reliability of health and medical information
published on the internet [19]. Websites that were certified by
the HONcode were assessed to be of higher quality and may
reduce consumers’ burden of searching for good-quality
websites [20,21].

Objectives
As part of a larger study investigating the medication
management features of diabetes apps [22], this study aimed to
assess the transparency and reliability of information
disseminated via these apps against 8 criteria adapted from the
HONcode principles.

Methods
Development of App Assessment Criteria
We adapted the 8 HONcode principles (ie, authoritative,
complementarity,
privacy,
attribution,
justifiability,
transparency, financial disclosure, and advertising policy) and
termed it the App-HONcode criteria to suit the context of health
apps and apps assessment. The initial versions of our criteria
were piloted with highly downloaded (≥100,000 downloads)
diabetes apps to refine and improve the clarity of the assessment
criteria. Unclear statements were discussed among the app
assessment team members until a consensus was reached. The
not applicable (N/A) option was included for the assessment of
attribution and justifiability to account for apps that did not
provide health information within the app. The final assessment
criteria are shown in (Table 1).
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Table 1. Adapted Health On the Net code of conduct criteria for health app assessment.

a

Attribute

HONcodea

Authoritative

The qualifications of the authors are indi- Does the app indicate the qualifications of specific individuals Yes or no
cated.
who developed or contributed to the development of the app?

Complementarity

Information should support, not replace,
the doctor-patient relationship.

Privacy

Respect the privacy and confidentiality of Is there a privacy and confidentiality clause in the app?
personal data submitted to the site by the
visitor.

Yes or no

Attribution

Cite the source(s) and date of published
Are information sources in the app cited?
information on medical and health pages.

Yes, no, or N/Ab

Justifiability

Justifiability: site must back up claims re- Are the claims relating to benefits and performance in the app Yes, no, or N/A
lating to benefits and performance.
description backed up by evidence? (Answer N/A if there are
no claims)

Transparency

Accessible presentation and accurate email Are the developers contactable by email?
contact.

Yes or no

Financial disclosure

Identify funding sources.

Yes or no

Advertising policy

Clearly distinguish advertising from edito- Are advertorials distinguishable from content of the app?
rial content.

App-HONcode criteria

Options

Is there a disclaimer stating or which implies that the informa- Yes or no
tion provided and/or app functions do not replace the health
care provider’s advice?

Does the app indicate any funding sources? (Yes if the app is
managed by a registered commercial company)

Yes, no or no advertising

HONcode: Health On the Net code of conduct.

b

Not applicable.

App Selection and Assessment
As the app assessments were part of a larger study investigating
medicines management functionalities of diabetes apps, a more
detailed description of app selection and assessment can be
found in another paper [22].

App Search Strategy
Diabetes terms in the English language were searched in the
Google Play and Apple app stores via an app market explorer,
42matters [23], on June 12, 2018, to identify apps that were
marketed for diabetes self-management. The search terms
(Diabetes OR Diabetic OR Diabetics) OR (glucose OR
glycaemic OR glycemic OR blood sugar OR HbA1c OR A1c) OR
insulin were used to search app descriptions, and a list of app
titles with descriptions was produced for screening.

App Selection
A random sample of 100 apps was first screened by 2
researchers (ZH and MLT) to ensure consistency in
interpretation of the inclusion and exclusion criteria listed below.
Differences in interpretations were resolved via consensus
discussion with 2 other team members (EL and GJ). Random
samples of apps were rescreened until an interrater agreement
of above 80.0% was achieved.

Inclusion Criteria
The inclusion criteria were as follows: Apps with medication
self-management features (ie, medication scheduling, reminders,
tracking, information provision, and adherence review), apps
with any blood glucose logging features, apps in the English
language, free apps, and apps requiring payment.
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Exclusion criteria
The exclusion criteria were as follows: Patient health portals
linking to patients’ electronic health records, apps that were not
updated after January 1, 2017, intended only for health care
professionals, insulin calculators/bolus correctors only, apps
with exclusive blood glucose monitoring device tie-in
requirement (ie, not permitting manual entry of blood glucose
values), apps duplicated on the same platform, apps with
regional restrictions, and technical problems (eg, crashes, screen
hangs, unable to login, and unable to download).

App Assessments
Included apps were evaluated against the adapted App-HONcode
criteria. In total, 5 team members (ZH, EL, GJ, CT, and MLT)
underwent a calibration exercise to ensure consistency in criteria
interpretation before the app assessments. Apps available on
the iOS and Android platforms were treated as unique apps and
assessed on both platforms because of possible differences in
versions across platforms. The number of yes responses was
summed up for each app to determine the number of
App-HONcode criteria met. N/A responses for attribution and
justifiability were treated as not meeting the criteria for a more
conservative approach, whereas the no advertising response for
advertising policy was treated as a yes (conforming to this
principle).

Statistical Analyses
Apps were grouped by operating platform (ie, Android and iOS)
and profiled according to each App-HONcode criterion using
descriptive statistics. Only Android apps were further classified
by the number of downloads (ie, ≥100,000 downloads and
<100,000 downloads), as information on the number of
downloads was not available for iOS apps. Pearson chi-square
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e15364 | p.105
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test was used for comparisons between groups, and a 2-tailed
Fisher exact test was used where the expected count was less
than 5 in a group. Statistical significance was set at a P value
of less than .05. All analyses were performed using SPSS
(version 22; IBM Corp).

Results
App Screening
We identified and downloaded 351 apps (191 Android and 160
iOS) after app title and description screening, of which 143 apps
(81 Android and 62 iOS) met the inclusion criteria and were

Huang et al
assessed against the app assessment criteria. The detailed app
search results can be found in our study [22].

Characteristics of Included Apps
The number and proportion of the assessed apps meeting the
App-HONcode criteria are shown in Figure 1. Most of the apps
on the Android and iOS platforms fulfilled between 2 and 5
criteria; 1 Android app met all 8 criteria, whereas another did
not meet any criteria. A higher proportion of apps published on
the iOS platform met more App-HONcode criteria compared
with apps on the Android platform. For example, 43.6% of iOS
apps met at least five App-HONcode criteria compared with
28.3% of Android apps.

Figure 1. The number and proportion of diabetes apps meeting the App-HONcode app criteria. The number of Yes responses were summed up for
each app to determine the number of app-HONcode criteria met. N/A responses for attribution and justifiability were treated as no, whereas the no
advertising response for advertising policy was treated as a yes. HONcode: Health On the Net code of conduct.

The profile of app attributes grouped by platform is shown in
Table 2. Few (20/143, 14.0%) apps mentioned the qualifications
of individuals who contributed to app development. Less than
half (56/143, 39.2%) of the apps had a disclaimer stating that
the information provided/app functions do not replace a health
care provider’s advice, and approximately two-thirds (93/143,
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65.0%) of apps had a privacy and confidentiality clause. Of the
apps providing health or medical information or made claims
on its efficacy, only one-third cited their information sources
(15/42, 36%) and/or backed up the claims relating to benefits
and performance in the app by evidence (7/23, 30%).
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Table 2. Profile of app attribute grouped by platform.
HONcodea principle App-HONcode criteria

a

All apps, n (%)
b

Android, n (%)
c

iOS, n (%)

P value

d

.33

Authoritative

Does the app indicate the qualifications of specific individuals who 20 (14.0)
developed or contributed to the development of the app?

Complementarity

Is there a disclaimer stating or which implies that the information 56 (39.2)b
provided and/or app functions do not replace the health care
provider’s advice?

27 (33)c

29 (47)d

.12

Privacy

Is there a privacy and confidentiality clause in the app?

93 (65.0)b

48 (59)c

45 (73)d

.11

Attribution

Are information sources in the app cited?

15 (34)e,f

8 (36)e,g

7 (32)e,h

>.99i

Justifiability

Are the claims relating to benefits and performance in the app de- 7 (30)e,j
scription backed up by evidence? (Answer not applicable if there
are no claims)

4 (29)e,k

3 (33)e,l

>.99i

Transparency

Are the developers contactable by email?

131 (91.6)b

79 (98)c

52 (84)d

.005m

Financial disclosure Does the app indicate any funding sources? (Yes if the app is
managed by a registered commercial company)

88 (61.5)b

46 (57)c

42 (68)d

.23

Advertising policy

There are no advertisements in the app

119 (83.2)b

64 (79)c

55 (89)d

.18

Are advertorials distinguishable from content of the app?

18 (75)n,o

12 (71)n,p

6 (86)n,q

.63

9 (11)

11 (18)

HONcode: Health On the Net code of conduct.

b

N=143.

c

N=81.

d

N=62.

e

Not applicable removed before statistical analysis and percentage computation.

f

N=44.

g

N=22.

h

N=22.

i

Two-tailed P value calculated using Fisher exact test, as the expected count is less than 5 in at least one group.

j

N=23.

k

N=14.

l

N=9.

m

Statistical significance P<.05 in the comparison between Android and iOS app features.

n

Percentage is computed by dividing the number of apps with distinguishable advertisements with the total number of apps with advertisements.

o

N=24.

p

N=17.

q

N=7.

There were no significant differences between the Android and
iOS platforms in the proportion of apps fulfilling each criterion
except for the principle of transparency. Android apps had a
significantly higher proportion of apps with the developer’s
email listed on the Google play store compared with apps listed
on the Apple store (Android: 75/81, 98%; and iOS: 52/62, 84%;
P=.005). More than half (88/143, 61.5%) of the apps disclosed
funding sources. Finally, most 119/143, 83.2%) of the assessed
apps did not have advertisements; of apps with advertisements,
three-fourths (18/24, 75%) were distinguishable from the content
of the app.
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Android Apps by Downloads
Table 3 shows the profile of app attribute grouped by a low
(<100,000 downloads) and high number of downloads (≥100,000
downloads) for Android apps. There were no significant
differences between apps with a low and high number of
downloads in terms of the authoritative, complementarity,
attribution, justifiability, transparency, and advertising policy.
A significantly higher proportion of highly downloaded apps
had a privacy and confidentiality clause (high downloads: 15/17,
88%; and low downloads: 33/64, 52%; P=.006) and were more
likely to discuss their funding sources (high downloads: 15/17,
82%; and low downloads: 32/64, 50%;
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Table 3. Profile of Android app attributes grouped by the number of downloads.
HONcodea principle

a

App-HONcode criteria

All Android apps, n (%)
b

<100,000 downloads, n (%)

≥100,000 downloads, n (%) P value
1 (6)d

.68e

18 (28)c

9 (53)d

.08

Is there a privacy and
48 (59)b
confidentiality clause in
the app?

33 (52)c

15 (88)d

.006f

Attribution

Are information sources 8 (36)g,h
in the app cited?

7 (37)g,i

1 (33.3)g,j

>.99e

Justifiability

Are the claims relating
to benefits and performance in the app description backed up by
evidence? (Answer not
applicable if there are
no claims)

4 (29)g,k

3 (30)g,l

1 (25)g,m

>.99e

Transparency

Are the developers con- 79 (98)b
tactable by email?

63 (98)c

16 (94)d

.38

Financial disclosure

Does the app indicate
any funding sources?
(Yes if the app is managed by a registered
commercial company)

46 (57)b

32 (50)c

14 (82)d

.026f

Advertising policy

There are no advertise- 64 (79)b
ments in the app

50 (78)c

14 (82)d

>.99e

Are advertorials distin- 12 (71)n,o
guishable from content
of the app?

11 (79)n,p

1 (33)n,q

.19n

Authoritative

Does the app indicate
9 (11)
the qualifications of
specific individuals
who developed or contributed to the development of the app?

Complementarity

Is there a disclaimer
27 (33)b
stating or which implies
that the information
provided and/or app
functions do not replace
the health care
provider’s advice?

Privacy

8 (13)

c

HONcode: Health On the Net code of conduct.

b

N=81.

c

N=64.

d

N=17.

e

Two-tailed P value calculated using Fisher exact test, as the expected count is less than 5 in at least one group.

f

Statistical significance P<.05 in the comparison between Android and iOS app features.

g

Not applicable removed before statistical analysis and percentage computation.

h

N=22.

i

N=19

j

N=3.

k

N=14.

l

N=10.

m

N=4.

n

Percentage is computed by dividing the number of apps with distinguishable advertisements with the total number of apps with advertisements.

o

N=17.

p

N=14.

q

N=3.
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Discussion
Principal Finding
We evaluated 143 apps against 8 App-HONcode criteria to
assess the transparency and reliability of information
disseminated via diabetes apps. Most apps fulfilled between 2
and 5 assessment criteria, and only 1 Android app fulfilled all
8 criteria. Overall, a higher proportion of iOS apps fulfilled
more App-HONcode criteria compared with Android apps,
although the differences were not significant.
Many apps were not transparent in indicating the content source
of the app. More than half of the assessed apps did not fulfill
important criteria, such as indicating the qualifications of
individuals involved in the app development and disclaiming
that the app does not replace health care provider’s advice. This
concurs with a study assessing eczema apps, where only 15%
of the app developers indicated their qualifications, and 46%
disclaimed that the app does not replace the advice of the health
care provider [24]. Although it may be challenging to indicate
the qualifications of all individuals involved in the development
of a complex app, the qualifications of the main content
contributors and a representation of their collaborators should
minimally be quoted to account for the content source of the
app.
Approximately three-fourths of the assessed apps did not provide
any health information. This was not surprising, as disease
management apps tend to emphasize management aspects rather
than educating the patient [1], which, in our view, presents a
missed opportunity for patient education, which can be
incorporated into apps. Of the apps that provided health
information, only one-third cited the source of information. Few
of the assessed apps had claims relating to the benefits and
performance of the app. However, only one-third of these apps
backed the claims with evidence. Apps or any consumer
products with unsubstantiated claims have the potential to
mislead and cause harm to the undiscerning consumer [16,25].
Therefore, it is imperative for app stores to check the veracity
of claims used in the app description before its publication on
the app stores.
Most apps had an email of the developer displayed, but the
email address does not guarantee access to the app developer.
We contacted the developers of apps that had access restrictions,
and only 10% responded to our emails (2 emails sent a week
apart). This percentage should be higher for apps that are
accessible, but there is a possibility of inoperative email
addresses being displayed on the app store. App stores should
ensure the inclusion of a valid email address for all health apps
for consumer inquiries.
Privacy breaches can erode consumers’ trust in the app.
Two-thirds of the apps assessed had a privacy and confidentiality
clause. This was an improvement from a study published 6 years
ago assessing the availability, scope, and transparency of mobile
health (mHealth) app privacy policies on 600 commonly used
mHealth iOS and Android apps [15]. One explanation for this
improvement could be the changes made to the app store policies
to improve the quality of apps over the years [26,27]. However,
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stricter scrutiny is required on the part of the app stores, given
the absence of privacy policies in many of the assessed apps.
Although there is an improvement in the presence of privacy
policy of the English-language apps we assessed, those that are
published on other platforms and in other languages may yield
different assessment results.
Approximately 40% of the assessed apps did not have their
funding sources indicated. The funding source of an app will
affect its development, quality, and the services provided. This
represents a gap in which app stores can play a role to improve
the quality assurance of health apps. Advertisements were not
present in 80% of the assessed apps. The proportion of apps
with advertisements in our study may be lower, as we assessed
the best version of apps requiring in-app payments for feature
upgrades. Previous studies have shown that paid apps were not
of higher quality compared with free apps [28,29].
Approximately one-third of the in-app advertisements were
judged as being nondistinguishable from the content of the app.
We did not scrutinize the appropriateness of the advertising
content, which may present an additional gap in the quality and
reliability of information disseminated via these apps.
The originators of the HONcode recently published an extension
for apps—mHONcode—to cover the certification of health
information disseminated on apps [30]. This was only available
after we completed our app assessments, but there are minimal
conceptual differences between our App-HONcode and the
mHONcode. Our criteria were worded to minimize the
subjectivity of assessment by different researchers.

Limitations
There were limitations to the study, despite attempts to minimize
bias. First, the scope was limited to diabetes management apps
because of being part of a larger study investigating the
medication management features of diabetes apps. However,
our findings are generalizable to other diabetes apps, as the apps
were identified using a systematic search and selection strategy.
Second, our assessment criteria may have underrated apps that
do not provide health information (eg, medication logging apps).
Even so, many apps were not transparent in data privacy and
in clearly distinguishing the complementarity of the app (ie, not
replacing the health care provider’s advice). Third, the
assessment may not reflect the current state of the apps because
of constant app updates. However, we believe that our findings
remain unchanged, as app updates were mainly for bug fixes
and feature upgrades. Fourth, we neither assessed issues
surrounding data management nor the content of privacy and
confidentiality clauses, which may not accurately disclose the
sharing of some personal information [31]. Finally, app
assessments were subjective to researcher interpretation,
although we attempted to reduce researcher bias by piloting the
assessment and using a standardized patient profile when
interacting with apps.

Implications and Future Research
The fulfillment of the 8 App-HONcode criteria are actionable,
but not many developers may be aware of the need to indicate
background information or to check the content of
advertisements, as their main aim is to get the app published.
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App developers and consumers would benefit from the
availability of a standardized checklist to assess the information
quality of health apps. It would be challenging for governments
to regulate all health apps because of its ubiquity, pace of
development, and ambiguity in definition. Therefore, app stores
should play a larger role in making the transparency and
reliability of information dissemination a basic requirement for
app publication. As observed from our app assessments, owing
to the higher barriers of entry currently set by the Apple app
store (see Multimedia Appendix 1), it had a larger proportion
of apps that fulfilled more App-HONcode criteria.
As health apps collect a lot more user data than the internet, the
consent-seeking process for data collection and data
management policies of these apps should be evaluated in the
future. The appropriateness of advertising and clarity of privacy
clauses should also be checked, for diabetes management and
other chronic disease management apps in other languages and
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on other platforms, to provide a more complete landscape of
the transparency and reliability of information disseminated
and collected through these apps.

Conclusions
Our systematic app assessments of the transparency and
reliability of health information disseminated in diabetes apps
discovered gaps in the disclosure of the developer’s
qualification, funding source, and the complementary role of
the app in disease management. App stores should play a larger
role in scrutinizing app publication, as higher barriers of app
entry will lead to the publication of apps with better disclosure
of the app’s content source. As the development of the
App-HONcode criteria is preliminary, future work can further
examine the consent-seeking process for data collection, data
management policies, the appropriateness of advertising content,
and the clarity of privacy clauses.
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Abstract
Background: Hypertension is a lifestyle-induced chronic disease that threatens the lives of patients. Control of hypertension
requires patients to follow self-management regimes; unfortunately, however, patient compliance with hypertension self-management
is low, especially in developing countries. Improvement of patient compliance is premised on meeting patient needs. Mobile
health apps are becoming increasingly popular for self-management of chronic diseases. However, few mobile apps have been
designed to meet patient needs for hypertension self-management.
Objective: The goal of this study was to develop a mobile health app to improve patient compliance with hypertension
self-management and evaluate the effectiveness of the app in terms of patient compliance.
Methods: The goal-directed design method was applied to guide study design. We divided the study into 4 stages. Stages 1 to
3 comprised the development process. To improve the applicability of the goal-directed design method to chronic disease
management, we extracted elements of user models concerned with patient compliance and defined a concrete process for user
modeling. In stage 1, personas of hypertensive patients were built using qualitative and quantitative methods. Clustering methods
based on questionnaire responses were used to group patients. Qualitative interviews were conducted to identify the needs of
different groups. In stage 2, several functional modules were designed to meet the needs of different groups based on the results
from stage 1. In stage 3, prototypes of functional modules were designed and implemented as a real app. Stage 4 was the deployment
process, in which we conducted a pilot study to investigate patient compliance after using the app. Patient compliance was
calculated through the frequency with which they took blood pressure measurements. In addition, qualitative interviews were
conducted to learn the underlying reasons for the compliance results.
Results: In stage 1, patients were divided into 3 groups based on 82 valid questionnaire responses. Eighteen patients from the
different groups (7, 5, and 6 patients) were interviewed, and the needs of the groups were summarized as follows: improve
self-management ability, enhance self-management motivation, and receive self-management support. In stages 2 and 3, 6
functional modules were designed and implemented based on specified needs, and the usability of the app was improved through
http://mhealth.jmir.org/2020/2/e14466/
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usability tests. In stage 4, 143 patients were recruited to use different versions of the app for 2 months. Results show that patient
compliance improved as functional modules were added (P<.001) and was maintained at a high level (rate of 0.73). Interview
results from 32 patients show that the design of the app met different needs; thus, patients were more compliant with it.
Conclusions: This study developed a mobile health app for hypertension self-management using the goal-directed design
method. The app proved to be effective for improving patient compliance with hypertension self-management.
(JMIR Mhealth Uhealth 2020;8(2):e14466) doi:10.2196/14466
KEYWORDS
goal-directed design; smartphone; mobile health; patients; hypertension self-management; mobile phone

Introduction
Background
Chronic diseases are among the most prevalent and costly
conditions worldwide [1]. Cardiovascular disease, cancer,
chronic lung disease, and diabetes are four major chronic
diseases that result in approximately 60% of global deaths [2],
and hypertension is a leading cause of cardiovascular disease
[3]. In China, more than 20% of the adults have hypertension,
and more than 40% have prehypertension [4]. To improve the
survival rate and life quality of hypertensive patients, long-term
self-management along with supervision and intervention from
doctors are essential [5]. Concretely, patients are required to
take their medications as prescribed, change their behaviors to
achieve a healthy lifestyle, and stick to a continuous
self-monitoring regime of blood pressure (BP) measurements
[6]. However, in practice, one significant obstacle is that patients
do not always comply with the medical instructions for
controlling their disease [7-9]. The World Health Organization
has reported on the issue of noncompliance in treating prevalent
chronic diseases such as hypertension, asthma, and diabetes
[10]. Insufficient compliance may result in decreased treatment
effectiveness or even treatment failure, which poses a great
threat to health and life [11-13]. Although patients’ awareness
of the need for compliance has increased in recent years, much
work remains to improve compliance in hypertensive patients
[14-16].
The rapid development of mobile technologies and the
popularity of smartphones fostered the development of an
enormous number of mobile health (mHealth) apps. Such apps
have the potential to improve patient compliance with chronic
disease management [17]. For example, mHealth apps can

http://mhealth.jmir.org/2020/2/e14466/

XSL• FO
RenderX

provide personalized self-management strategies to users,
allowing them to avoid the time and resource burdens imposed
by the frequent interventions provided by health care providers
[18]. In terms of hypertension, smartphone technology has been
shown to help patients improve BP control [19] and medication
compliance [20], mainly through functional modules such as
home BP monitoring, medication reminders, and health
education. Concretely, patients can use their smartphones to
record measured BP, receive reminders to take medications in
the form of notifications or short messages, and acquire health
knowledge about hypertension. However, in practice, patients
have various goals and need to use mHealth apps to self-manage
their conditions [21]. Nonetheless, the functional designs of
mHealth apps sometimes fail to meet patient needs, which
results in reduced patient motivation for using these apps
[22,23]. Improvement of patient compliance is premised on
meeting patient needs [17]. Thus, mHealth apps demand
systematic and theory-based design to meet patients’ real needs
for chronic disease management.

Design Methods of mHealth Apps
The existing design methods of mHealth apps mainly include
traditional information technology (IT) design [24-27],
activity-centered design [28], user-centered design [29],
participatory design [30], and goal-directed design (GDD) [31].
These different design approaches consider user needs in
different ways. Table 1 summarizes the characteristics of these
methods. Compared with other methods, GDD concentrates on
user goals instead of on the tasks or activities that users must
accomplish [32]. Focusing on user goals can directly reveal user
needs; in contrast, tasks or activities are intermediate steps that
help users to reach their goals [31]. Therefore, to improve patient
compliance by meeting their needs, GDD is the most appropriate
of the existing design methods.
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Table 1. Summary of common design methods for mHealth apps.

a

Method

Requirement analysis

TIDa

Driving force

Multidisciplinary
collaboration

User engage- Applicable scope
ment

Based on technical documents written Technical docuby developers
ment

No

Low

User needs are clear and well defined

ACDb

Based on activities users would perform with the app

User activity

Yes

High

Pay attention to user experience, and
focus on what activities should be enabled by the app

UCDc

Based on observation of user behaviors by guiding them to complete a
series of user tasks concerned with
the app

User task

Yes

High

Pay attention to user experience, and
focus on what tasks users should perform with the app

PDd

Based on user decisions by inviting User decision
them to participate in the design process

Yes

Very high

Users have rich experience in using
mHealth apps and are familiar with the
design process

GDDe

Based on user goals when using the
app

Yes

High

Pay attention to user goals, and user
needs remain to be clearly defined

User goal

TID: traditional information technology design.

b

ACD: activity-centered design.

c

UCD: user-centered design.

d

PD: participatory design.

e

GDD: goal-directed design.

The GDD design process can generally be divided into 6 phases:
research, modeling, requirements definition, framework
definition, refinement, and support. Figure 1 shows the workflow
of the GDD design process. The research phase provides
qualitative data about potential and/or actual users of the product
through ethnographic field study techniques such as observation
and contextual interviews. During the modeling phase, data
discovered during the research phase are synthesized into user
models. User models (personas) are detailed composite user
archetypes that represent distinct groupings of behaviors,
attitudes, aptitudes, goals, and motivations observed and
identified during the research phase. For each primary persona,
an analysis of the persona data and functional needs will be
used during the requirements Definition phase. The output of
this process is a requirements definition that provides a balance
among different users. In the framework definition phase,

software designers will create the overall product concept and
define the basic frameworks for the product’s behavior and
visual design. The output of this process is an interaction
framework definition, which provides a logical and rough
structure for the details to come. The refinement phase is similar
to the framework definition phase but has an increased focus
on details and implementation. Finally, the support phase offers
support during and after development because even a very
well-conceived and validated design solution cannot possibly
anticipate every development challenge and technical question
[31]. To summarize, GDD requires the modeling process before
concrete design, and the user models, which are called personas,
can capture user skills, environments, behaviors, and goals, etc.
All these aspects of personas are intended to capture user needs
[32].

Figure 1. Workflow of the goal-directed design process.

Objectives
Although GDD is prominent for identifying user needs and has
gradually been adopted in practice, relatively little research
concentrates on using GDD in the field of chronic disease
management [33,34]. In fact, to the best of our knowledge, to
date, few studies have used a theory-based design method to
develop an mHealth app, particularly one intended to improve
patient compliance with hypertension self-management.
Therefore, to identify the needs of hypertensive patients and
improve their compliance with hypertension self-management,
we designed and implemented the Blood Pressure Assistant
http://mhealth.jmir.org/2020/2/e14466/
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(BPA), an innovative monitoring and feedback tool that supports
hypertension self-management and can be installed on patients’
smartphones. The GDD method was used to guide the design
of BPA, and the end users (ie, hypertensive patients) were
involved in the design process at an early stage. This paper
describes the development process of BPA and the results of a
pilot evaluation regarding patient compliance when using the
BPA.
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Methods
Study Design
This study was designed based on the GDD process. To simplify
the design process and highlight the app evaluation, we made
some modifications to the original GDD and divided the study
into 4 iterative stages. Stages 1 to 3 covered the development
phase, while stage 4 was the deployment phase. Figure 2
illustrates the complete study process and the comparison
between the original GDD and our method. Stage 1 corresponds
to the research and modeling phases, in which we used
qualitative and quantitative methods to identify user personas.

Duan et al
Stage 2 corresponds to the requirements definition phase, in
which we defined the functional modules of BPA based on the
identified user personas. Stage 3 corresponds to the framework
definition and refinement phases, in which we designed the
prototype of BPA based on the functional design and
implemented it. Stage 4 corresponds to the support phase, in
which we deployed BPA to the production environment and
tested its effectiveness. Throughout the study process, patients
and several domain experts (ie, experienced physicians) were
involved, and they helped design the app and evaluate its
effectiveness. The details of each phase are explained in the
following sections.

Figure 2. Complete study process.

Participant Selection and Sampling
This study was conducted at the General Hospital of Ningxia
Medical University, Ningxia Province. Participants in this study
were outpatients and inpatients from the department of
cardiology. Several physicians helped recruit patients into the
study. The inclusion criteria were as follows: (1) aged 18 years
or older, (2) a hypertension diagnosis with no other serious
complications, (3) owned a smartphone and had home internet
access, and (4) able to read and write in Chinese. Patients who
met all the inclusion criteria were considered qualified to
participate in the study. A random sampling method was applied
by the researchers to ensure that the participating patients
represented diverse personas.

Goal-Directed Design Steps
Specified User Modeling Process of Goal-Directed
Design

Informed Consent and Ethical Consideration

In our study design based on GDD, the first step is to model the
users to establish their personas. However, the original user
modeling process of GDD is generalized and abstract, which
makes it difficult to use to specifically guide the design of
mHealth apps for chronic disease management. Therefore,
before using GDD to guide the design of BPA, we first specified
the user modeling process of GDD for chronic disease
management based on the following 2 points: (1) extracting
user model elements specifically targeted to improve patient
compliance with self-management regimes and (2) defining a
concrete procedure for user modeling.

After sampling, the researchers contacted the selected qualified
patients, apprised them of the goal of the study, and promised
that their personal information would be accessed only by the
researchers or the domain experts. The patients who agreed to
participate in the study were asked to sign informed consent
forms. The domain experts signed informed consent forms as
well. All procedures were performed in accordance with the
ethical guidelines for biomedical research involving human
subjects at Ningxia Medical University.

The authors of GDD indicated that user models can be described
by 3 types of factors: demographic characteristics, domain
expertise, and technical expertise [31]. We used evidence-based
methods to extract specific elements of these factors from
relevant studies and theories. Demographic characteristics are
the most fundamental ways to describe users and usually include
information such as gender, age, and occupation. With the
development of mHealth technology in chronic disease
management, several demographic characteristics have been
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found to specifically affect the patient self-management
compliance. LeRouge et al [34] found that changes in the
physiological characteristics of elderly people such as vision,
cognitive, memory, and learning ability led to additional
requirements for the functional design of mHealth apps.
Grindford et al [35] found educational attainment to be related
to the acceptance of mHealth technology interventions. In
addition, career status (if retired) and patient postdiagnosis have
been shown to influence patient self-management experiences
[36]. Therefore, we defined age, educational attainment, career
status, and postdiagnosis as the specific elements of
demographic characteristics.
Domain expertise refers to user proficiency in related fields.
We summarized the domain expertise of chronic disease patients
from a number of aspects. First, self-management reflects a
patient’s behavior in promoting, protecting, or maintaining their
own health, and such behaviors can be explained by the health
belief model (HBM) [37]. The HBM suggests that people’s
perceived health threats, perceived benefits of action and barriers
to action, and their self-efficacy explain their engagement (or
lack of it) in health promotion behavior [38]. In this study, a
perceived health threat means patients’ awareness of and
concern for their hypertensive condition and its potential
consequences. The perceived benefits of action and barriers to
action refer to patients’ awareness of the benefits of health
behavior changes and their resistance to such changes.
Self-efficacy reflects the extent of patients’ beliefs in their ability
to complete various tasks and reach the goal of controlling their
hypertensive condition. Second, the positive effects of
doctor-patient interactions for chronic disease management have
long been established [39]. The doctor-patient relationship is
an important factor that affects patients’ acceptance of mHealth
interventions [40]. We thus proposed perceived health threat,
perceived benefits of action and barriers to action, self-efficacy,
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and doctor-patient relationship to be the specific elements of
domain expertise.
In the mHealth field, technical expertise refers to user
acceptance of and proficiency with mHealth technology. The
technology acceptance model (TAM) [41] is a classic theoretical
model that has been widely used to predict consumer acceptance
of mHealth technology [42-44]. According to TAM, perceived
usefulness and perceived ease of use are the two major cognitive
determinants of health information technology use [45].
Perceived usefulness refers to the extent to which users believe
that using a particular app would enhance their task
performance. Perceived ease of use is the extent to which users
believe that using a particular app would be easy [41]. Moreover,
users’ prior experiences with using technology can shape their
beliefs about the new technologies [46]. Positive experiences
may help patients feel more confident that they have the
capabilities and resources to repeat that same performance with
new technology [45,46]. Therefore, we defined perceived
usefulness, perceived ease of use, and prior technology use
experience as the specific elements of technical expertise.
After specifying the elements of the user model, we proposed
the concrete user modeling procedure for our study based on
the original GDD. The process for user modeling can be divided
into 3 steps: (1) user information is collected through
questionnaires and interviews based on the user model
components, (2) statistic methods such as clustering analysis
are used to group users and identify the personas and goals of
each group, and (3) representative virtual characters (ie, persona)
are created for each group describing their main characteristics
and goals. Figure 3 shows the proposed user model and the
concrete user modeling procedure for this study. Based on the
specified user modeling process, we performed our 4-stage
GDD method to guide the design of BPA.

Figure 3. Specified user model for improving compliance with hypertension self-management and the concrete user modeling procedure.
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Stage 1: Persona Establishment

mHealth technology for chronic disease management: “chronic
disease,” “hypertension,” “mobile,” “smartphone,” “design,”
and “development.” We searched for apps and downloaded
them from the Tencent app store (one of the biggest app stores
for Android apps in China) and the App Store (for iOS apps)
using keywords “hypertension,” “diabetes,” “chronic disease,”
and “health.” A total of 36 references and 37 apps were screened
and analyzed (see Multimedia Appendix 2 for screened lists of
references and apps). The concrete functional design was
proposed corresponding to the established user personas.
Different functional modules were designed to meet different
patient needs, and design results were validated by the domain
experts.

After participant recruitment, we used questionnaires to collect
patient information based on the user model, including
demographic characteristics, domain expertise, and technical
expertise (see Multimedia Appendix 1 for original
questionnaires). The demographic characteristics questionnaire
was in the form of fill-in-the-blank and included 5 items: gender,
age, educational attainment, career status, and postdiagnosis.
The domain expertise questionnaire consisted of 2 parts: the
Awareness Rate of Hypertension Knowledge Scale (ARHKS)
[47] and the Compliance of Hypertensive Patients Scale (CHPS)
[48]. ARHKS contains 8 items in the form of multiple choice
and has been widely used in relevant studies. CHPS contains
10 items extracted from the original version using a 4-point
Likert scale. ARHKS was originally in Chinese. CHPS was
translated into Chinese, and its reliability and validity have been
examined [49]. We merged the scores of CHPS and ARHKS
to obtain a total score for the domain expertise. The technical
expertise questionnaire contained 10 items extracted from our
previous study and used a 5-point Likert scale; it was mainly
intended to evaluate patient acceptance of mHealth technology
for hypertension self-management [50].
We then explored patient expectations of using the mHealth
app through qualitative interviews. The interview included 4
open questions that had previously been discussed and validated
by one researcher and one physician. The validated questions
are as follows: (1) How do you manage your high blood
pressure? Is it effective? In what ways can you do better? (2)
In what ways do you hope to get help? (3) Are you willing to
use your smartphone for self-management of hypertension?
Why or why not? (4) What problems do you expect the app to
help you solve? The researchers conducted the interviews in
separate face-to-face sessions with each patient using a
semistructured approach in which the researchers were freely
able to change the order of the questions and could ask follow-up
questions to ensure that the respondents’ answers were correctly
understood. The interview was piloted on 3 patients to test
content validity.
Using the questionnaire and interview results, we applied
quantitative and qualitative methods to establish user personas.
According to the specified user modeling process, a clustering
analysis was first conducted to group the users. In this study,
we chose the K-means algorithm and performed a clustering
analysis on the domain expertise and technical expertise of the
patients. Based on the grouping results, we then analyzed the
differences between different groups regarding their
demographic characteristics, domain expertise, technical
expertise, and expectations of using the mHealth app. Finally,
we created a virtual character (persona) for each group that
reflected their characteristics and goals.

Stage 2: Requirement Analysis
In this stage, we defined what functional modules should be
contained in BPA to meet patient needs and improve their
compliance. We first investigated which functional modules
have previously been included in existing mHealth apps from
the literature and by examining real apps. We searched for
literature on PubMed using a combination of terms relevant to
http://mhealth.jmir.org/2020/2/e14466/
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Stage 3: Prototype Design and Development
After identifying the functional modules of BPA, we designed
the prototype and implemented it. First, we defined the main
BPA interface, which organizes the concrete functional modules
via the interface in different forms. We then designed a
prototype of each functional module. We invited domain experts
and patients to take part in the prototype development process.
The experts evaluated the details of each functional module
based on their knowledge and experience, and the patients were
led by the researchers to join in the usability tests. After several
iterations of the above 3 stages, we finally obtained a
high-quality app prototype.

Stage 4: Prototype Evaluation
After BPA development, to further evaluate whether the app
truly worked, we conducted a pilot study in which patients were
provided with a copy of BPA installed on their own smartphones
and were required to use it in their daily lives for 2 months. At
the end of the trial period, we collected the patients’ uploaded
data, calculated their compliance with their self-management
regimes, and conducted interviews with them to identify the
reasons for the compliance results and gather suggestions for
further improvement of BPA.

Data Analysis
Questionnaires were in the form of paper or online surveys.
Paper questionnaires were collected and recorded into the
database immediately after completion, while online
questionnaires were automatically saved in the database.
Disqualified questionnaires (with incomplete or contradictory
answers) were discarded before the data analysis. All interviews
were audiorecorded with the consent of the respondents, and
all recordings were transcribed verbatim. The transcripts were
generated, read, and open-coded using the NVivo 2.0 (QSR
International) software package. Two researchers independently
open-coded the transcripts. SPSS Statistics V20.0 (IBM Corp)
and Python 3.0 were used for statistical analyses. Descriptive
data is presented as counts and percentages. Multivariate
analyses were conducted using Pearson chi-square tests for
categorical variables and one-way analyses of variance for
continuous variables. A P value of <.05 was considered
statistically significance.
For the compliance analysis, in this study, patient compliance
was defined as the ratio of actual frequency of BP measurements
to the number required by the management plan. This metric
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was proposed by the researchers and validated by the physicians.
Figure 4 shows the calculation process, in which Ci(d)
corresponds to the compliance of user i on a specific day d.

corresponds to the average compliance of each group for each
version, ng corresponds to the numbers of group g for each
version, and q corresponds to the total days.

Figure 4. Compliance of one user on a specific day.

Figure 6. Average compliance of each group for each version.

In the evaluation stage, we used 2 specific formulas based on
the above formula to evaluate patient compliance. The first
formula calculated the average compliance of all patients for
each day using the different app versions. As shown in Figure
5, Ctotal(d) corresponds to the average compliance of all groups
for each version on a specific day d, and n corresponds to the
total numbers of all groups for each version.

Results

Figure 5. Average compliance of all groups for each version on a specific
day.

The second formula calculated patient compliance during the
entire trial for the different groups. As shown in Figure 6, Cg

Stage 1: Persona Establishment
A total of 90 questionnaires were distributed, and 82 valid
questionnaires were collected. Answers to the domain expertise
and technical expertise questionnaires were coded into points
ranging from 0 to 50 and 0 to 60, respectively. The clustering
results based on these 2 questionnaires are shown in Figure 7.
These results demonstrated that hypertensive patients can be
divided into 3 groups (the number of clusters was determined
by the elbow method). A one-way analysis of variance showed
that there were significant differences in domain and technical
expertise among these 3 groups (P<.001). Based on the grouping
results, we conducted statistical analyses on the demographic
characteristics of different groups, and the results are shown in
Table 2.

Figure 7. Clustering results on participant domain expertise and technical expertise.
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Table 2. Demographic characteristics of different groups.
Characteristics

Group 1 n=28

Group 2 n=26

Group 3 n=28

P value

Sex, n (%)

.329

Female

13 (46)

7 (27)

10 (36)

Male

15 (54)

19 (73)

18 (64)

53.8 (1.82)

49.7 (1.91)

62.3 (2.22)

Age in years, mean (SD)

<.001

Career, n (%)

<.001

Employed

6 (21)

19 (73)

10 (36)

Self-employed/unemployed

15 (54)

7 (27)

3 (11)

Retired

7 (25)

0 (0)

15 (54)

Educational attainment, n (%)

.002

Secondary school and below

13 (46)

3 (12)

5 (18)

High school

8 (29)

7 (27)

15 (54)

Graduate and above

7 (25)

16 (62)

8 (29)

Postdiagnosis, n (%)

<.001

<1 year

17 (61)

3 (12)

0 (0)

1-5 years

11 (39)

16 (62)

5 (18)

>5 years

0

7 (27)

23 (82)

A total of 18 patients were interviewed; the numbers of
interviewed patients from groups 1 to 3 were 7, 5, and 6,
respectively. We coded user expectations of the mHealth app
based on these interview results (Table 3). The most frequently
mentioned expectation was increased communication between
doctors and patients. Concretely, the patients hoped to receive
self-management guidance from doctors and expected timely
intervention when abnormal conditions occurred. On the other
hand, some patients hoped to increase their disease cognition

levels through self-management. They hoped to acquire health
knowledge about hypertension and a professional analysis of
their self-monitoring data. Moreover, some patients considered
the mHealth app to be a convenient way to conduct
self-management and expected it to provide functions such as
step counting, online registration, wearable device support, and
so on. In addition, patients who lacked smartphone experience
suggested that the app should have high usability—for example,
its functions and operation should be as simple as possible.

Table 3. Interview coding results.
User expectations and explanation

Group 1 n=7 Group 2 n=5 Group 3 n=6

Increasing communication between doctors and patients
Doctors’ guidance of self-management

7

1

3

Intervention of abnormal condition

1

2

4

Acquire knowledge about hypertension

3

2

4

Professional analysis of their self-monitoring data

0

4

1

Step counting

0

3

2

Timed reminder

5

3

0

Online registration

0

3

0

Wearable device support

0

3

1

Simple operation

7

1

3

Simple function

4

1

2

Auto-uploading

1

3

1

Increasing fun

0

3

0

Increase disease cognition level

A convenient way for self-management

High usability
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Based on the above results, we established personas for
hypertension patients in the different groups (Table 4). The
personas reflected the differences between hypertensive patients
at the demographic, domain expertise, and technical expertise
levels. The needs (goals) of these 3 groups of patients for using
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hypertension self-management apps can be summarized as
follows: to improve their self-management ability, enhance their
self-management motivation, and receive self-management
support.

Table 4. Personas of hypertensive patients.
Characteristics and goals

Group 1

Group 2

Group 3

Age in years

50

45

65

Career

Self-employed/unemployed

Employed

Retired

Educational attainment

Secondary school and below

Graduate and above

High school

Postdiagnosis

<1 year

1-5 years

>5 years

Experience in using smartphone

Low

High

Medium

Perceived ease of use of smartphone

Low

High

Medium

Disease cognition level

Low

Medium

High

Self-management ability

None

Poor

Good

Expectations to use hypertension self- Self-management under the doctors’ Learn the disease progress;
Learn more knowledge related to hypermanagement apps
guidance; receive reminder of self- more fun in self-management; tension; receive warning and intervenmanagement; easy to use
upload data automatically
tion according to self-monitoring data
Goals

Improve self-management ability

The patients in group 1 had a low level of disease cognition and
lack of self-management experience. They wanted to manage
their disease under the guidance of doctors and receive timely
reminders and interventions. In addition, they demanded that
the app must be easy to use because they lacked experience in
using smartphones. Therefore, doctor supervision and an app
with enhanced usability were the primary solutions to improving
compliance of group 1.
The patients in group 2 were relatively young and better
educated. They generally were more accepting of smartphone
technology and had more experience in self-management, but
they did not take their hypertensive condition seriously, and
their compliance with medical orders was low. We considered
providing self-management motivation to be the way to improve
the compliance of group 2.
The patients in group 3 had a higher level of disease cognition
and were capable of performing effective self-management at
home. They wanted to learn more about their hypertension and
receive feedback based on their self-monitoring data. Thus,
further strengthening their self-management abilities and
providing effective medical service support under abnormal
conditions were the keys to improving compliance of group 3.

Stage 2: Requirements Analysis
The results of investigating functional modules in existing
mHealth apps are shown in Table 5. These results demonstrated
that a variety of functional modules designed in existing
mHealth apps focus primarily on self-monitoring. Only some
of the apps considered supervision and intervention from
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Enhance self-management
motivation

Receive self-management support

doctors. Based on the investigation results and established user
personas, we proposed specific solutions to meet the needs of
patients in different groups. For patients with the desire to
improve their self-management ability, concrete and executable
plans with reminder services as well as doctor supervision were
essential. For patients with the desire to improve their
self-management motivation, we aimed to inform them about
their disease control situation and used some gamification
designs to enhance their motivation. For patients with the desire
to receive self-management support, providing health education
and timely intervention under abnormal conditions were
important.
Different functional modules were designed based on the
proposed solutions. For patients who aimed to improve
self-management ability, the management plan module was
designed to provide guidance to patients on how to conduct
self-management at home. Management plans were formulated
by doctors through a telehealth system, and the system
automatically split plans into daily tasks and sent them to the
patients’ smartphones. The management plan generally included
BP and weight monitoring frequency, medication guidance, and
advice on diets and exercise. Patients needed to record their
health data according to the tasks, and the data would be sent
to the doctors. The doctors needed to perform regular follow-ups
with patients and adjust their management plans according to
the uploaded health data. When the plans were changed, patients
received new daily tasks on their smartphones instantly. In
addition, a reminder service module was designed in order to
prevent patients from forgetting to complete the tasks.
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Table 5. Investigation results of functional modules in existing mHealth apps.
Category and functional module

References n=36

Apps n=37

Early detection: risk assessment

5

16

Disease cognition: health education

13

23

Recipes

1

11

Exercise plan

2

3

Blood pressure/blood glucose

36

37

Weight

27

21

Medication

12

35

Diet

8

14

Exercise

8

12

Statistical report

11

20

Reminder service

5

18

Abnormal warning

8

4

Short message service

12

7

Telephone follow-up

6

4

Online consultation

10

8

Challenge and reward

4

0

Leaderboard

3

0

Social contact

5

10

Lifestyle intervention

Disease management and control
Self-monitoring

Intervention of doctors

Gamification design

For patients who aimed to enhance their self-management
motivation, we designed the health report and leaderboard
modules. The health report module provided daily and monthly
reports to patients according to their health data. The leaderboard
module aimed to provide motivation for self-management. All
the behaviors of patients concerned with self-management were
converted into scores, and patients could view their real-time
leaderboards to compare themselves with other users though
the app (with no identifiable data are used).
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For patients who aimed to receive self-management support,
the health education module provided health knowledge about
chronic diseases to patients in various forms, and the health
checkup module automatically analyzed the patients’ recorded
BP values and sent feedback to the patients. When a patient’s
BP value was abnormal, the doctors would be informed
immediately through the system. The entire requirements
analysis process is shown in Figure 8.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14466 | p.122
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Duan et al

Figure 8. Complete requirements analysis process.

Stage 3: Prototype Design and Development
Main Interface
The resulting design for the main interface is shown in Figure
9. We divided the main interface into 3 parts: to-do list, sliding
display, and quick launch bar. The to-do list mainly shows a
list of tasks in the management plan, along with a brief
introduction to each task. Users could clearly see the completion
status of all the tasks via the list, which included a red highlight
next to uncompleted tasks. By clicking on a specific row, users
could enter the corresponding task interface of the management

plan. The sliding display board shows daily updated health
knowledge. Health knowledge shown by sliding the display
effectively attracted users’ attention while also serving as a
quick entry point for reading the knowledge. Users could access
the independent health education module to read knowledge as
well (from the to-do list). The quick launch bar consisted of
several small icons corresponding to different functional
modules. Users could access the functional modules quickly by
clicking on the icons. This part of the app was designed for less
frequently used functional modules such as the leaderboard,
health report, and reminder service.

Figure 9. Main Blood Pressure Assistant interface.
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Management Plan Module

Leaderboard Module

The management plan module appeared as a to-do list in the
main interface of BPA. The list of daily tasks generated from
the management plans formulated by doctors was grouped into
5 items: recording health data such as BP and weight, recording
medication, recording diet, recording exercise, and recording
uncomfortable symptoms. Each task was required to be
completed at a specific time during each day. When users
clicked on an item, a series of to-do cards for the current task
would appear in a new interface. Patients only needed to input
the required data and click on an OK button on the card to finish
a task. After completing a task, the color and shape of the card
would change, indicating the task’s state transition. The input
data were uploaded to the system database instantly so that
doctors were able to remotely check up-to-date patient health
records.

Based on the scores obtained in the health report module, the
leaderboard module provided competitive motivation for users
by allowing them to compare their scores with those of other
users. The module consisted of 3 parts: user’s score, leaderboard
among all users, and current user’s rank among all users. In the
daily leaderboard, users could view the top 30 users for the
current day, while in the all-time leaderboard, users could view
the top 30 users of all time. The design of leaderboard module
applied a competitive strategy through persuasive technology
[51] to motivate users to stick to their self-management regimes
and strive for higher scores so their names would appear on
leaderboards.

Reminder Service Module
The reminder service module was accessible from the quick
launch bar or from within the management plan module. The
reminder time was initially set based on the management plan,
and when a time period elapsed, a dialog with the specific task
would appear on the patients’ screens, along with an audible
alarm. Users who were unable to perform the tasks according
to the default schedule could set a reminder, forming a
customized schedule for their daily self-management tasks. In
addition, users were free to reset or close the reminders.

Health Report Module
The health report module was accessible through the quick
launch bar. Users received daily reports and a monthly report
consisting of 3 parts: user’s current health condition based on
their historical data, uncompleted tasks, and the current day’s
(or current month’s) score. Scores were calculated based on the
completion status of provided tasks and on changes in health
data. This functional module served to remind patients to
accomplish any remaining tasks and motivated them to perform
self-management tasks to achieve higher scores.
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Health Education Module
Health education can improve disease awareness and help
patients perform self-management more effectively. BPA
provided 2 kinds of education. Educational articles and videos
of common chronic diseases collected from the internet and
vetted by the physicians covered all aspects of daily chronic
disease management. Systematic educational material
concerning hypertension based on guidelines and books was
presented; this content was more professional and suitable for
patients who wanted to learn more about their disease.

Health Check-Up Module
Patients’ BP values are important indicators of their health
condition. Each time a patient uploaded a BP value, the health
check-up module would analyze that value by considering the
patient’s BP trends and their hypertension grade and return
feedback to the patient. If the BP value was considered to be
abnormal, a warning message would be sent to the patient,
asking them to take a rest and measure their BP again in 20
minutes. All abnormal conditions were also sent to doctors
immediately through the telehealth system. Doctors should pay
close attention to abnormal patients and conduct interventions
when appropriate. Figure 10 shows screenshots of the 6
functional modules in BPA (see Multimedia Appendix 3 for
detailed screenshots).
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Figure 10. Screenshots of the 6 functional modules in the Blood Pressure Assistant.

Stage 4: Evaluation
App Version and Patient Grouping
The development of BPA was an iterative process. We gradually
recruited subjects as different functional modules were added
to the app. Four versions of the app were released during the

trial. Version 1 contained 3 main functional modules:
management plan, reminder service, and health check-up. The
other 3 modules were added in subsequent versions (Figure 11).
Patients were required to use the different versions of the app
for at least 2 months. A total of 143 patients completed the trial.
We grouped all subjects according to the personas proposed in
stage 1, and results are shown in Table 6.

Figure 11. Functional modules contained in each version.
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Table 6. Numbers of patients in the different groups.
Group

Version 1 n=36

Version 2 n=39

Version 3 n=36

Version 4 n=32

Group 1

11

14

14

11

Group 2

14

10

12

9

Group 3

11

15

10

12

Compliance Analysis
As mentioned in the data analysis section, we calculated the
average compliance of all patients for each day using the
different app versions. Each version was used for 2 months.
Figure 12 shows the compliance trends of each version. The
initial value of compliance was set to 1 on day 1. We can see
that for all 4 versions, compliance first declined sharply and
then gradually increased during the first week. The initial decline
reflects the fact that patients were not familiar with the app and
had not built trust in the doctors. The inflection point appeared

on the third to the fifth day after becoming involved in the
assisted self-management (ie, after starting to use the app),
consistent with the time when the doctors conducted the
telephone follow-up. This result indicates that timely doctor
intervention can effectively alleviate user resistance during the
initial stage when they receive new technology, thus improving
their compliance. Compliance reached its highest level during
the third week (except for the initial week) and slowly decreased
to a stable level, indicating that time is another factor that affects
patient compliance.

Figure 12. Compliance trends for each app over 2 months.

We calculated patient compliance during the trial for the
different groups. Results show that patient compliance improved
as functional modules were added to the app and was maintained

at a high level (Table 7). Total compliance increased from 0.54
to 0.73, a significant difference (P<.001).

Table 7. Patient compliance among the different groups.
Group

Patient compliance

Analysis of variance

Version 1

Version 2

Version 3

Version 4

F-value

P value

Group 1

0.53

0.56

0.67

0.73

24.28

<.001

Group 2

0.39

0.51

0.50

0.59

14.64

<.001

Group 3

0.69

0.73

0.83

0.86

19.54

<.001

Average

0.54

0.62

0.66

0.73

11.30

<.001

To determine the reasons for patient compliance, we interviewed
32 patients from different groups who had used version 4 of the
app. The interview included reasons for high or low compliance
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and suggestions for improving the app. Table 8 shows the coding
results for the reasons mentioned in the interviews.
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Table 8. Reasons for patient compliance from the interview.
Reason given

Group 1 n=11

Group 2 n=9

Group 3 n=12

Received doctors’ guidance

9

5

10

Reminders and supervision

7

7

3

Learned to control blood pressure

1

8

3

Enriched related knowledge

7

4

7

Enhanced pleasure

2

5

3

Easy to use

5

0

2

Boring to record data

0

4

0

Did not know how to use the app

4

0

0

Did not have time

0

4

0

Reasons for high compliance

Reasons for low compliance

Reasons for High Compliance
Receiving doctors’ guidance and enriching related knowledge
were the most frequently mentioned reasons. The doctors’ advice
included the following: (1) for patients who had little experience
in hypertension self-management, doctors taught the patients
how to self-manage their disease and (2) for patients who had
sufficient experience in hypertension self-management, doctors
conducted timely interventions to help patients deal with
abnormal conditions. Therefore, doctors played an important
role in patient hypertension self-management, which can
effectively improve patient compliance. In addition, health
education can raise the self-management awareness of different
groups, thus improving their compliance.
A total of 17 patients (mainly in groups 1 and 2) mentioned that
the BPA app played a role by providing reminders and
supervision. For patients who lacked experience in
self-management, the reminder service in BPA reminded them
to complete the daily tasks, and for patients who lacked
motivation in self-management, regular follow-ups from doctors
encouraged them to pay more attention to their self-management.
Twelve patients (mainly in group 2) agreed that BPA helped
patients learn how to control their hypertension. Patients in
group 2 were more highly educated and interested in learning
more about their disease. The health report module was helpful
for improving their compliance.
Ten patients mentioned that the app helped enhance the pleasure
of self-management. The leaderboard module provided social
support for patients and improved their compliance by indirectly
improving their motivation. Seven patients (mainly in group 1)
mentioned ease of use, which is considered particularly
important for patients who lack smartphone experience.

Some patients did not know how to use the app. This aspect
was mentioned by 4 users in group 1. Patients in this group had
relatively low educational levels and often lacked experience
using smartphones. Teaching them how to use the app during
the initial period of management is the key to solving this
problem.
Some patients said that they had no time to manage their disease.
Four users in group 2 mentioned this problem. However, we
think that an additional important reason is a lack of intrinsic
motivation. Similar to the first reason, the path toward changing
users’ behaviors is to add extrinsic motivations that make them
pay more attention to their disease management.

Suggestions for Further Improvement
Five patients suggested increasing communication between
doctors and patients. The current BPA adopted a one-way form
of communication—from doctors. However, patients wanted
to be able to take the initiative to communicate with their
doctors. Three patients suggested an online registration function
to save time and improve treatment efficiency. In the current
version of BPA, we have added this module, but its usability
remains to be tested. Six patients hoped to automatically
measure BP data using their smartphones instead of having to
manually input the data after measuring their BP through
wearable devices. This requirement stemmed from the fact that
these patients often traveled for business, which made it difficult
for them to monitor their BP regularly. Being able to use their
smartphones to measure their BP might increase their
self-monitoring frequency. However, due to the technological
limitations, achieving accurate BP measurements using
unmodified smartphones remains a future goal [52].

Discussion

Reasons for Low Compliance

Principal Findings

Four users in group 2 mentioned that it was boring to record
data. We considered integrating wearable devices with the app
to simplify the recording process. However, the main reason
for noncompliance is that patients have no intrinsic motivation
to monitor their health indicators. Therefore, the solution to this
problem is to further increase patient motivation.

In this study, we designed an innovative mHealth app (BPA)
for hypertension self-management and evaluated patient
compliance with its use. To ensure that the app met patients’
needs, we used the GDD method and involved patients in every
stage of the design process. Three major patient goals (needs)
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were identified: improve self-management ability, enhance
self-management motivation, and receive self-management
support. Different functional modules of BPA were designed
based on the identified patient needs. To evaluate the
effectiveness of the BPA app, we invited 143 patients to use
different versions of BPA for 2 months. Patient compliance
with BPA version 4 reached 73%, a favorable result. According
to interviews, patients felt that BPA taught them how to take
the right actions to manage their disease, and they felt
encouraged when instructed by doctors. Results suggest that
patients are willing to try new tools with new technologies if
those tools are designed specifically for them. We also identified
some problems existing in patient self-management of
hypertension. Some of the reasons for low compliance were
attributable to low motivation for disease management. Patients
should be provided with additional extrinsic motivation in
multiple ways. Another possible improvement for BPA was
that it should help build a closer relationship between patients

and doctors. A communication module could be added to the
app to fulfill this need.

Comparison With Prior Work
To the best of our knowledge, this study is the first to explicitly
use GDD principles to develop an mHealth app for hypertension
self-management. To understand the innovation of our study,
we compared it with 5 prior studies that used a theory-based
design method in the chronic disease management field. The
results are shown in Table 9. Among these studies, two (Fore
et al [33] and our study) explicitly used GDD as the design
method. LeRouge et al [34] investigated user-centered design
as a methodological tool but also established user personas
during the design process. Five of the studies ([34,53-55] and
ours) designed smartphone apps for specific diseases. Two
studies (Morita et al [55] and ours) provided evaluations of their
design results. In addition, Wachtler et al [54] reported that their
tool was being evaluated in a randomized controlled trial.

Table 9. Comparison of recent studies using theory-based design for disease management.

a

Study

Country

Design
method

Objective

Disease

Sample size for design

Final output

Our study

China

GDDa

Improve patient com- Hypertension
pliance with hypertension self-management

Fore et al
[33]

United
States

GDD

Improve chronic illness care

LeRouge et
al [34]

China

UCDb

Identify user profiles Diabetes
and personas of an aging population

9 focus groups, interviews
with 21 physicians and 9
nurses

van der Wee- Netherlands
gen et al [53]

UCD

Stimulate physical ac- Chronic obstructivity of people with a tive pulmonary
chronic disease
disease or type
2 diabetes

15 interviews with patients, 2 Triaxial activity No
focus groups, 16 interviews
sensor along with
with health care professionals, smartphone app
and discussion with several
experts

Wachtler et
al [54]

Australia

UCD

Improve treatment al- Depression
location for depression

2 focus groups with communi- Smartphone app
ty sample (n=17) and 7 interviews with people with depressive symptoms

Morita et al
[55]

Canada

UCD

Support asthma selfmanagement

11 interviews and 5 usability
tests

90 questionnaires and 18 inter- Smartphone app
views

Pediatric inflam- 10 patients, 10 caregivers, 10 Prototype of a
matory bowel
physicians, and 6 nurses (inter- learning health
disease
views and observations)
system

Asthma

Smartphone app

Evaluation
Yes

No

No

No

Web-based
Yes
mHealth platform

GDD: goal-directed design.

b

UCD: user-centered design.

Compared with these prior works, our study was innovative in
a few ways. User models (personas) were established based on
elements concerned with patient compliance rather than simply
considering all factors. Elements were extracted mainly from
relevant theories such as HBM and TAM.

plan module appears in the most conspicuous position of the
main interface because it is the most frequently accessed part.
In contrast, the leaderboard module is accessible through the
quick launch bar of the main interface because it is less
frequently used and is designed primarily for experienced users.

In the persona establishment stage, qualitative and quantitative
methods were used together to identify user personas.
Qualitative methods are appropriate for dividing users into
specific groups, while quantitative methods are suitable for
extracting the intrinsic needs of different groups.

Strengths

Different functional modules were designed for different
personas and integrated into a complete mHealth app by
following a reasonable priority. For example, the management
http://mhealth.jmir.org/2020/2/e14466/
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Our study has several strengths. First, it verified the viewpoint
that patients should self-manage their disease under the direction
of doctors [56]. Only in this way can patients conduct
comprehensive self-management and have abnormal conditions
handled in a timely manner. This approach also accounted for
the reasons why BPA was more effective compared with other
apps available in app stores.
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Second, we involved experts and patients in the design process.
Chronic disease patients consist primarily of elderly people who
have special and additional disease self-management needs [34].
To better understand the needs of these patients, we used
questionnaires and interviews to identify the different personas
of different patient groups. These personas were used to guide
the functional design. In addition, elderly people are less
confident in the use of mobile technologies. As a result, more
attention should be paid to the usability of such apps, which is
an important factor affecting patient compliance. Inviting users
to participate in the design process can help discover usability
problems in a very early stage.
Third, we proposed a new compliance assessment method in
which the self-monitoring frequency of BP was considered as
an evaluation index for hypertension self-management
compliance. The most common approach for measuring patient
compliance has previously been to ask patients for their ratings
of compliance behavior or acquire the information through
standardized questionnaires [10]. However, such approaches
may result in higher compliance levels than the true levels due
to patient subjectivity and memory bias [57]. Compliance with
medication regimes is the most evaluated index according to
several studies [58-60] because that is the most direct indicator
of compliance with the doctor’s instructions. However, taking
medicine on time is easier to perform than other
self-management tasks [61]; consequently, such a metric cannot
fully reflect the complete content of patients’ self-management.
Compared with other studies, we used the frequency with which
patients self-monitor their BP values and collected the results
automatically through the app. Thus, this evaluation result was
more objective and practical over the long term. Although our
study was only a preliminary trial, it helps set a benchmark that
further research can refer to when assessing such apps.

Limitations and Future Works

Duan et al
most were highly educated. Therefore, the generalizability of
the study’s results needs to be further confirmed. Another
limitation is that the pilot study lasted for only 2 months; patient
compliance over a longer period of time is unknown. The
interview results show that a few patients with low compliance
still exist, mainly due to a lack of intrinsic motivation. In
addition, one other thing to note is that in eHealth enhanced
chronic disease management, patient compliance is influenced
by multiple factors such as well-designed self-management
tools, community-based eHealth support, and a complete
feedback loop between patients and doctors [62]. Our study
focused on the functional design of self-management tools,
which is one of the important factors influencing patient
compliance.
In future work, we will include more patients and test for a
longer time span. Comparison tests should be conducted to
determine how much patient compliance is improved. We also
plan to compare patient compliance as measured by this study’s
approach with compliance measured by a traditional approach,
such as questionnaires, to further explore the practical validity
of our approach. In addition, we need to find a way to further
increase patient motivation for self-management.

Conclusions
The BPA app was shown to be an effective tool for hypertension
self-management in terms of patient compliance. The GDD
method was able to identify the different needs of different
patients and guided functional design based on these needs. We
learned from the study that efficient self-management of
hypertension should be led by doctors. Usability is another
important factor that should be considered during the
development of apps. In addition, hypertensive patients should
receive more extrinsic motivation in the management of their
disease.

One limitation of our study is that the number of recruited
subjects for persona establishment was relatively small, and
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Abstract
Background: Recent evidence of the effectiveness of mobile phone–based diabetes management systems is generally based
on studies conducted in tertiary hospitals or professional diabetes clinics.
Objective: This study aimed to evaluate the clinical efficacy and applicability of a mobile phone–based glucose-monitoring
and feedback system for the management of type 2 diabetes mellitus (T2DM) in multiple primary care clinic settings.
Methods: In this multicenter, cluster-randomized controlled, open trial, 13 primary care clinics in Seoul and other large cities
in South Korea were voluntarily recruited. Overall, 150 (9 clinics) and 97 (4 clinics) participants with T2DM were assigned to
the intervention and control groups, respectively (2:1 allocation). Every month, participants in both groups attended face-to-face
physicians’ consultation for the management of diabetes in the clinic. For the intervention group, participants were required to
upload their daily self-monitoring of blood glucose (SMBG) results using the mobile phone app in addition to outpatient care for
3 months. The results were automatically transmitted to the main server. Physicians had to check their patients’ SMBG results
through an administrator’s website and send a short feedback message at least once a week. At baseline and 3 months, both groups
had anthropometry and blood tests, including hemoglobin A1c (HbA1c), and responded to questionnaires about treatment satisfaction
and compliance.
Results: At 3 months, participants in the intervention group showed significantly more improvement in HbA1c (adjusted mean
difference to control −0.30%, 95% CI −0.50 to −0.11; P=.003) and fasting plasma glucose (−17.29 mg/dL, 95% CI −29.33 to
−5.26; P=.005) than those in the control group. In addition, there was significantly more reduction in blood pressure, and the
score regarding treatment satisfaction and motivation for medication adherence increased more in the intervention group than in
the control group. In the subgroup analyses, the effect on glycemic control was more significant among younger patients and
higher baseline HbA1c levels.
Conclusions: The mobile phone–based glucose-monitoring and feedback system was effective in glycemic control when applied
in primary care clinic settings. This system could be utilized effectively with diverse institutions and patients.
Trial Registration: Clinical Research Information Service (CRIS) https://tinyurl.com/tgqawbz
(JMIR Mhealth Uhealth 2020;8(2):e16266) doi:10.2196/16266
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Introduction

Methods

Background

Study Design and Participants

Type 2 diabetes mellitus (T2DM) is a worldwide epidemic that
is a major socioeconomic burden on the global health care
system [1]. Poorly managed T2DM is associated with increased
risks of micro and macrovascular complications and premature
mortality. Therefore, it is important to steadily achieve the target
levels of multiple risk factors, including hyperglycemia,
hypertension, dyslipidemia, and obesity, to prevent diabetic
morbidities and mortality [2]. Although diabetes is a
lifestyle-related disease that requires daily self-management
[3], the current diabetes management system largely depends
on intermittent short face-to-face interviews at outpatient clinics
and medication prescriptions. Consequently, it is not easy for
patients to maintain constant care for diabetes in their daily
lives.

We performed a 3-month, multicenter, cluster-randomized, open
trial. Eligibility criteria for primary care clinics were being
located in Seoul and other major cities in South Korea, having
a patient pool with T2DM, and access to internet services at the
clinic. At first, 17 clinics were voluntarily recruited after open
research briefing. Among them, 4 clinics declined to participate,
and 13 clinics were randomized (Multimedia Appendix 1).
Clinics were the unit of randomization and intervention. A
research statistician not involved with this study generated the
random allocation sequence using SAS software, version 9.3
(SAS Institute Inc, Cary, the United States). Each clinic was
sequentially allocated to an intervention or control group after
registration with no masking. Finally, 9 and 4 (2:1 allocation)
of the 13 primary care clinics were assigned to the intervention
and control groups, respectively.

There have been many attempts to introduce self-management
support systems for patients with T2DM on the basis of
information technologies (ITs), including Web-based
interventions [4-7]. Since the introduction of the smartphone
in 2007, mobile phone app-based monitoring systems have taken
a major position as intervention modalities, and evidence of
their effectiveness in diabetes management has also been
accumulated in different types of groups [8-11]. However,
previous positive results of mobile phone use in diabetes
management were mostly reported by studies involving patients
in tertiary hospitals or professional diabetes clinics [12,13]. A
large number of patients with T2DM receive treatment at
primary care clinics. Physicians at these clinics are not always
experts on diabetes; furthermore, most of them have no
experience with IT-based diabetes management systems.
Implementation of IT-based systems into the primary care
service is necessary and inevitable for sharing appropriate
diabetes management systems and, ultimately, reducing
diabetes-related complications [12]. Therefore, it is necessary
to verify the effectiveness of mobile phone–based monitoring
systems in primary care clinic settings, where there is a relative
lack of specialized workforce and diabetes education
environments compared with large hospitals.

Objectives
This study aimed to evaluate the clinical efficacy and
applicability of an interactive, mobile phone–based monitoring
and feedback system for T2DM management in primary care
clinic settings by assessing its effect on glycemic control and
other combined metabolic risk factors such as hypertension,
dyslipidemia, and obesity. We also evaluated participants’
treatment satisfaction and their motivation and knowledge
related to long-term medication adherence in chronic diseases.

http://mhealth.jmir.org/2020/2/e16266/

XSL• FO
RenderX

A notice about study methods and participant recruitment was
posted on the bulletin board at each clinic. Subjects with T2DM
who agreed to participate voluntarily in this clinical study were
screened. Eligible subjects were over 18 years of age, had T2DM
for at least one year, could use mobile phones or internet
services at home, and had baseline hemoglobin A1c (HbA1c)
levels between 7% (53 mmol/mol) and 10% (86 mmol/mol).
We excluded subjects with type 1 diabetes and insulin pump
users, subjects with any significant medical disease (such as
active cancer, recent stroke, or myocardial infarction), subjects
with severe diabetic complications (moderate to severe
nonproliferative diabetic retinopathy, proliferative diabetic
retinopathy, serum creatinine >1.5 or 1.4 mg/dL for men or
women, respectively, or aspartate aminotransferase [AST] or
alanine aminotransferase [ALT] levels >3× the upper normal
limit), and subjects who had not been taking stable doses of
diabetes medications during the 3 months before enrollment.
Subjects of other clinical trials or plans could not participate in
this study either.
This study was conducted according to the principles expressed
in the Declaration of Helsinki. The protocol was reviewed and
approved by the Public Institutional Bioethics Committee
designated by the Ministry of Health and Welfare
(P01-201504-11-002). Written informed consent was obtained
from all participants. The study was registered with the Clinical
Research Information Service (CRIS number: KCT 0002554).

Intervention
After screening, participants who met all inclusion criteria at
the intervention clinic were registered on the medical staff
website and downloaded a mobile phone app (Hicare smart K,
Insung information). Then, the physicians of the primary care
clinic educated participants on the individual management
targets (glycemic, blood pressure [BP], lipid profile, and body
weight) on the basis of the medical guidelines of the Korean
Diabetes Association [14] and explained how to use the app
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and all study instructions. In this study, we utilized a pre-existing
diabetes management app. In addition, we upgraded a function
to link the app data to the providers’ main server. All
participants in the intervention group were provided with a
glucometer (GlucoNavii SD GlucoLink 0.3, SD Biosensor Inc)
and 100 strips. Participants who satisfied all three of the
following criteria were additionally provided with an electronic
manometer (BP-1209, YH Medical Co): with hypertension for
more than 1 year, taking hypertension medication for more than
3 months, and systolic or diastolic BP ≥140/90 at the screening.
Participants in the intervention group were required to upload
the daily self-monitoring of blood glucose (SMBG) results using
the mobile phone app for 3 months (Multimedia Appendix 2).
As a coaching hospital center, we provided the general
guidelines for SMBG measurements to all physicians in the
primary care clinics. Because there is evidence that supports a
correlation between higher SMBG frequency and lower HbA1c
[15,16], we established SMBG measurement guidelines to
encourage more SMBG testing when the patient’s HbA1c level
was high. Therefore, the minimum required number of SMBG
measurements was determined on the basis of the participant’s
baseline HbA1c level. Participants were advised to check the
SMBG twice weekly when their HbA1c level was <7% (53
mmol/mol) without oral hypoglycemic agents (OHAs); once
daily when their HbA1c level was <7% (53 mmol/mol) with
OHA; at least once daily when their HbA1c was between 7% to
8% (53-64 mmol/mol) with OHA or was >8% (64 mmol/mol)
regardless of OHA; twice daily when their HbA1c level was
<7% (53 mmol/mol) with insulin treatment; and thrice daily
when their HbA1c level was ≥7% (53 mmol/mol) with insulin
treatment. When participants checked their SMBG with the
provided glucometer and brought it into contact with the mobile
phone, the SMBG result was automatically inputted into the
mobile phone app, using wireless transmission through a
near-field communication system. Participants could also upload
the data via manual input. The mobile phone then automatically
transmitted the data to the main server. Participants were also
required to input the mealtime when SMBG was checked and
were requested to input their BP at least once a week. They
could also input weight data on the mobile phone app.
The physicians of the primary care clinic had to check the
accumulated participants’ data and send short feedback messages
via a password-protected staff website at least once a week. As
a coaching hospital center, we provided a manual on how to
recommend messages to each clinic. We also provided some
examples of message templates in the administrator’s website,
where the physicians could select and send a message. The
medical staff could select or modify the example template as
desired. The main contents of the message were about praise
or encouragement if participants’ SMBG was almost within the
target level, a reinformation of their glucose target level or
advice for dietary control and exercise if their SMBG was almost
above the target level, or an advice for the regular glucose
checkup if they did not check the SMBG at the recommended
level. Advice about dietary control and exercise was based on
general guidelines such as reduce the carbohydrate and fruit
intake and encourage postmeal exercise. If necessary, physicians
http://mhealth.jmir.org/2020/2/e16266/
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could conduct additional direct phone call consultations,
although it was not mandatory.
Every month, all study participants of the intervention and
control groups visited the outpatient clinic and received
face-to-face consultations for individual management target of
risk factors (Multimedia Appendix 2). At this time, the
physicians of the intervention clinic additionally provided the
summarized result of accumulated information from the staff
website to their patients and gave a consultation based on it.

Measures
All study participants in the intervention or control group
received a baseline assessment for demographic information
regarding age, sex, alcohol intake, cigarette smoking, past
history, and medications. Baseline measurements of height,
weight, waist circumference (WC), and BP were also conducted.
Height and weight were measured in light clothing without
shoes. An experienced nurse measured the WC with the
participant standing erect with his or her arms at the side,
keeping their feet wide open about 15 cm. BMI was calculated
using the participant’s height and weight (kg/m2). BP was
measured in the sitting position by the oscillometric method
using an appropriate cuff after resting at least 5 min. A baseline
fasting blood sample was obtained to measure the fasting plasma
glucose (FPG), HbA1c, creatinine, AST, ALT, total cholesterol,
triglyceride, high-density lipoprotein (HDL) cholesterol, and
low-density lipoprotein cholesterol. All blood samples were
transported to a central laboratory (Green Cross Laboratories)
for analysis. HbA1c was measured through high-performance
liquid chromatography.
Each monthly visit, physicians checked participants’ vital signs,
weight, WC, change in medications, and assessed safety and
compliance with the study. At baseline and 3 months, all
participants underwent the same measurements of anthropometry
and laboratory tests to evaluate the efficacy of the trial.

Questionnaires
The questionnaires were given to the subjects twice, at baseline
and 3 months, to evaluate participants’ treatment satisfaction
and adherence to chronic medications. The participants received
the surveys in written form and self-conducted it in a separate
clinic space. If they had difficulty in filling out the
questionnaires, the primary care provider could give them help.
Finally, the questionnaires were collected and analyzed by
research statistician not involved with this study.
The Diabetes Treatment Satisfaction Questionnaire status
version (DTSQs) was used to evaluate the participants’ treatment
satisfaction [17]. DTSQs contains 8 items scored on a 7-point
scale from 6 (extremely satisfied) to 0 (very dissatisfied) points.
Higher total scores indicate favorable treatment satisfaction.
The 6-item Morisky Medication Adherence Scale (MMAS-6)
was used to evaluate participants’ motivation and knowledge
related to long-term medication adherence in chronic diseases
[18]. The response categories are yes or no for each item, with
1 point given to the desired state. If the total score for questions
1, 2, and 6 equals 0 or 1, this means that they have low
motivation, whereas a total score of 2 or 3 refers to high
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motivation for medication adherence. If the total score for
questions 3, 4, and 5 equals 0 or 1, this means that they have
low knowledge of medication adherence, and a total score of 2
or 3 refers to the high level of knowledge.

Outcomes
The primary efficacy outcome was the difference in mean
change in HbA1c from baseline to the 3-month follow-up
between the two groups. The secondary efficacy outcomes were
the difference of mean change from baseline to 3 months in
FPG, weight, WC, BMI, systolic and diastolic BP, lipid profile,
and the DTSQs and MMAS-6 questionnaire scores between the
two groups.
Any adverse events were coded using the Medical Dictionary
for Regulatory Activities, regarding the intervention, and were
assessed by the medical staff at follow-up visits or by patient
self-reporting.

Statistical Analysis
Calculation of the sample size was based on an expected 0.6%
difference of change in HbA1c (primary outcome) level between
the intervention and control groups, with an SD of 0.8, an
average cluster size of 25, and an intracluster correlation
coefficient of .10, similar to a previous study [19]. As a result,
a target sample of 100 participants per each group would achieve
80% power at a critical significance level of 0.05. A higher
dropout rate was expected in the intervention group, so we
planned to enroll more clinics and participants in the intervention
group. Finally, we planned to enroll 150 participants at 9
intervention clinics and 100 participants at 4 control clinics.
The data were analyzed on an intent-to-treat basis of all assigned
participants who completed the follow-up assessment at 3
months. For comparison of baseline differences between the
two groups, independent t tests for continuous variables and
chi-square tests for categorical variables were used. Continuous
variables were expressed as means and SD or mean (95% CI).
Categorical variables were expressed as numbers (%). To
compare within-group differences (mean change from baseline)
between baseline and 3 months, differences between pre and
postintervention were examined using a paired t test. Analysis
of covariance (ANCOVA) was used to compare mean changes
in primary and secondary efficacy outcomes between the control
and intervention groups (adjusted mean difference to control).
Results were assessed using ANCOVA with a fixed effect for
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intervention, and age and respective baseline value as covariates
to calculate a least-squares estimate of the treatment difference.
Furthermore, sensitivity analyses were assessed using the linear
mixed model with fixed effects for age, sex, intervention, time
(baseline and 3 months), respective baseline value, baseline
value-by time interaction and intervention-by time interaction,
and random effects with cluster (centers) and each participant.
All analyses were two-tailed, and clinical significance was
defined as P<.05. Statistical analyses were performed with the
statistical package SPSS version 24.0 (SPSS Inc, Chicago,
Illinois, the United States) or SAS version 9.3.

Results
Participant Disposition and Characteristics
Between March and June 2015, a total of 401 subjects were
assessed for eligibility: 255 subjects at 9 intervention clinics
and 146 subjects at 4 control clinics (Figure 1). Among them,
150 subjects at intervention clinics and 97 subjects at control
clinics met all the criteria and participated in the study. Only 5
and 3 subjects in intervention and control clinics were lost
during follow-up, respectively. No clinic stopped participating.
Therefore, 239 final subjects were analyzed in this study: 145
subjects at 9 intervention clinics and 94 subjects at 4 control
clinics.
The baseline characteristics of the participants in both groups
are shown in Table 1. Both groups showed similar sex
distributions. However, the mean age of the intervention group
was 54.1 years, which was significantly lower than the 60.6
years of the control group. Although there were no significant
differences in BMI and proportion of obesity (BMI ≥25 kg/m2)
between the 2 groups, the intervention group showed higher
weight and WC compared with those in the control group. The
subjects in the intervention group also had higher diastolic BP
at baseline. The baseline HbA1c was similar between the 2
groups, and mean HbA1c was 7.9% in the intervention and 8.0%
in the control group, respectively. In addition, baseline
laboratory data showed almost no statistical differences between
the 2 groups, except for the lower total cholesterol and HDL
cholesterol levels in the intervention group. Baseline
characteristics by each clinic in the control and intervention
groups are shown in Multimedia Appendices 3 and 4.
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Figure 1. Study enrollment and follow-up.
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Table 1. Baseline characteristics of study participants.
Variable

Control group (n=97)

Intervention group (n=150)

Age (years)

P value
<.001

Mean (SD)

60.6 (10.2)

54.1 (10.1)

<40, n (%)

4 (4)

10 (6.7)

≥40 and <60, n (%)

36 (37)

93 (62.0)

≥60, n (%)

57 (59)

47 (31.3)

Male, n (%)

45 (46)

80 (53.3)

.29

Height (cm), mean (SD)

161.3 (9.1)

163.6 (9.5)

.06

Weight (kg), mean (SD)

67.2 (14.2)

70.6 (12.8)

.005

Mean (SD)

25.7 (3.9)

26.3 (3.7)

.17

Obesity (BMI≥25), n (%)

52 (54)

97 (64.7)

.08

Waist circumference (cm), mean (SD)

87 (9.8)

89.5 (8.9)

.003

Systolic BPa (mmHg), mean (SD)

124.5 (11.9)

126.3 (10.9)

.17

Diastolic BP (mmHg), mean (SD)

74.1 (10.3)

77.3 (9)

.009

Diagnosis of hypertension, n (%)

57 (59)

92 (61.3)

.69

Diagnosis of dyslipidemia, n (%)

62 (64)

108 (72.0)

.18

Current smoker, n (%)

18 (19)

31 (20.7)

.69

FPGb (mg/dL), mean (SD)

147.9 (48.7)

150.7 (57.2)

.95

Mean (SD)

7.9 (0.8)

8 (0.8)

.52

≥8%, n (%)

38 (39)

66 (44.0)

.45

Total cholesterol (mg/dL), mean (SD)

165 (30.5)

156.6 (29.8)

.02

Triglyceride (mg/dL), mean (SD)

165.3 (81.1)

160.3 (106.1)

.08

HDL cholesterol (mg/dL), mean (SD)

51.1 (13.5)

46.9 (11)

.01

LDLe cholesterol (mg/dL), mean (SD)

94.5 (26.6)

89.6 (26.1)

.22

ASTf (U/L), mean (SD)

25.9 (13)

27.4 (17.5)

.86

ALTg (U/L), mean (SD)

26.2 (15)

30.6 (22.5)

.16

Serum creatinine (mg/dL), mean (SD)

0.9 (0.2)

0.8 (0.2)

.09

27.6 (6.1)

28.2 (6.2)

.35

Total

4.7 (1.1)

4.4 (1.3)

.16

Motivation

2.3 (0.9)

2 (1)

.01

Knowledge

2.3 (0.6)

2.4 (0.7)

.09

BMI (kg/m 2)

HbA1cc(%)

d

h

DTSQs score, mean (SD)
MMAS-6i score, mean (SD)

a

BP: blood pressure.

b

FPG: fasting plasma glucose.

c

HbA1c: hemoglobin A1c.

d

HDL: high-density lipoprotein.

e

LDL: low-density lipoprotein.

f

AST: aspartate transaminase.

g

ALT: alanine transaminase.

h

DTSQs: Diabetes Treatment Satisfaction Questionnaire status version.
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i

MMAS-6: 6-item Morisky Medication Adherence Scale.

Changes in Glycemic Status
Table 2 shows the change in efficacy outcomes compared with
baseline between the two groups at 3 months. The mean changes
in efficacy outcomes from baseline in each clinic of the control
and intervention groups are shown in Multimedia Appendices
5 and 6. At 3 months, both groups showed significant decreases
in HbA1c level compared with the baseline. Nevertheless, the
intervention group showed significantly more reduction in
HbA1c compared with the control group, and the adjusted mean
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difference of change in HbA1c between the two groups was
−0.30% (95% CI −0.50% to −0.11%). The proportions of
subjects who achieved HbA1c <7% (53 mmol/mol) at 3 months
were 33.8% (49/145) in the intervention and 24% (23/94) in
the control group, respectively. Similar results were observed
in the FPG level in both groups. The intervention group showed
significantly more reduction in FPG (−7.29 mg/dL, 95% CI
−29.33 to −5.26) than the control group. Sensitivity analysis
showed constant statistical significance in all outcomes of HbA1c
and FPG.
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Table 2. Changes in efficacy outcomes between control and intervention groups at 3 months.
Outcomes

Adjusted mean difference to P valuea P value for interaction (intervention
controla, mean (95% CI)
x time)b

Mean change from baseline

Control group (n=94), mean Intervention group
(95% CI)
(n=145), mean (95% CI)
Glycemic parameters
HbA1cc (%)

−0.28 (−0.42 to −0.13)

−0.63 (−0.77 to −0.50)

−0.30 (−0.50 to −0.11)

.003d

.001d

HbA1c (mmol/mol)

−3.02 (−4.62 to −1.42)

−6.93 (−8.38 to −5.48)

−3.32 (−5.50 to −1.15)

.003d

.001d

FPGe (mg/dL)

−2.41(−13.64 to 8.82)

−19.11 (−29.80 to −8.43)

−17.29 (−29.33 to −5.26)

.005d

.02d

Other metabolic parameters
Weight (kg)

−0.88 (−2.65 to 0.90)

−0.63 (−1.02 to −0.24)

0.22 (−1.26 to 1.71)

.77

.35

WCf (cm)

−0.88 (−1.61 to −0.16)

−0.93 (−1.46 to −0.40)

0.30 (−0.62 to 1.22)

.52

.76

BMI (kg/m2)

−0.41 (−1.21 to 0.40)

−0.26 (−0.40 to −0.11)

0.09 (−0.48 to 0.65)

.77

.34

Systolic BPg (mmHg)

3.55 (1.30 to 5.81)

−0.20 (−2.30 to 1.90)

−3.66 (−6.57 to −0.76)

.01d

.003d

Diastolic BP (mmHg)

0.68 (−0.94 to 2.30)

−2.02 (−3.47 to −0.57)

−2.77 (−4.92 to −0.62)

.01d

.08

Total cholesterol
(mg/dL)

−2.77 (−8.01 to 2.48)

−3.06 (−6.73 to 0.60)

−3.81 (−10.04 to 2.42)

.23

.35

Triglyceride (mg/dL)

−16.88 (−30.14 to −3.62)

−16.72 (−31.36 to −2.08)

−8.27 (−25.89 to 11.27)

.38

.73

HDLh cholesterol
(mg/dL)

0.24 (−1.35 to 1.84)

2.44 (1.16 to 3.73)

1.40 (−0.45 to 3.39)

.15

.20

LDLi cholesterol
(mg/dL)

−0.16 (−4.60 to 4.28)

−2.99 (−6.03 to 0.04)

−4.46 (−9.62 to 0.69)

.09

.10

DTSQsk

0.45 (−1.03 to 1.92)

2.40 (1.22 to 3.58)

2.21 (0.54 to 3.88)

.01d

.04d

MMAS-6l

0.06 (−0.15 to 0.28)

0.52 (0.31 to 0.74)

0.31 (0.05 to 0.57)

.02d

.02d

Motivation

0.04 (−0.11 to 0.20)

0.39 (0.23 to 0.54)

0.23 (0.03 to 0.42)

.02d

.01d

Knowledge

0.02 (−0.13 to 0.17)

0.14 (0.00 to 0.28)

0.12 (−0.03 to 0.28)

.12

.08

Questionnairesj

a

Assessed using the analysis of covariance model with a fixed effect for intervention, and age and respective baseline value as covariates to calculate
a least-squares estimate of the treatment difference.
b

Assessed using the linear mixed model with fixed effects for age, sex, intervention, time (baseline and 3 months), respective baseline value, baseline
value-by time interaction, intervention-by time interaction, and random effects with cluster (centers) and each participant.
c

HbA1c: hemoglobin A1c.

d

P<.05.

e

FPG: fasting plasma glucose.

f

WC: waist circumference.

g

BP: blood pressure.

h

HDL: high-density lipoprotein.

i

LDL: low-density lipoprotein

j

Higher DTSQs and MMAS-6 scores indicate a favorable state.

k

DTSQs: Diabetes Treatment Satisfaction Questionnaire status version.

l

MMAS-6: 6-item Morisky Medication Adherence Scale.

http://mhealth.jmir.org/2020/2/e16266/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.141
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Effect on Other Metabolic Parameters Including
Weight-Related Outcomes, Blood Pressure, and
Dyslipidemia
During the 3-month follow-up, both groups showed different
changes in various anthropometries and lipid parameters (Table
2). Although only the intervention group showed significant
favorable changes in weight and HDL cholesterol compared
with baseline, there were no statistically significant differences
in the change of overall weight-related and lipid profile
outcomes between the 2 groups. In contrast, the intervention
group showed significantly more reduction in systolic and
diastolic BP than the control group. However, with the
sensitivity analysis, the statistical significance was lost in the
change of diastolic BP.

Diabetes Treatment Satisfaction Questionnaire Status
Version and 6-Item Morisky Medication Adherence
Scale
DTSQs showed a significant rise only in the intervention group,
resulting in a 2.21-point increase in the intervention group
compared with the control group at 3 months (Table 2). Total
MMAS-6 score was also significantly more increased in the
intervention group, especially in the score related to motivation
for long-term medication adherence. However, the knowledge
aspect showed little difference between the two groups.

Yang et al

Subgroup Analyses of Changes in the Glycemic Status
We conducted subgroup analyses of the changes in glycemic
status according to participant age, sex, BMI, and baseline
HbA1c level (Figure 2). Because of the difference in the baseline
average age between the 2 groups, we divided each group into
2 subgroups: age <60 and ≥60 years. In the analysis of
participants under 60 years of age, there were significantly
reduced HbA1c and FPG levels (Multimedia Appendix 7) in the
intervention group, compared with those in the control group.
However, there was little difference in these changes between
the two groups in the analysis of participants 60 years and older.
In the subgroup analyses, according to sex, men showed
significantly more reduction in HbA1c level, whereas women
showed significantly more reduction in FPG level compared
with the control group. In the subgroup analyses according to
BMI, the nonobese group (BMI <25 kg/m2) showed significantly
more reduction in HbA1c level, whereas obese group (BMI ≥25
kg/m2) showed significantly more reduction in FPG level
compared with the control group.
Among participants with baseline HbA1c levels lower than 8%,
the intervention group did not show a difference in HbA1c
reduction compared with the control group, despite more
reduction in FPG. However, among participants with baseline
HbA1c levels of 8% and higher, the intervention group showed
the most significant reduction in HbA1c and FPG compared with
the modest change observed in the control group.

Figure 2. Subgroup analyses of changes in glycemic status by age, sex, BMI, and baseline hemoglobin A1c (HbA1c). Baseline data are expressed as
mean (SD), and mean change of outcomes are expressed as mean (SE). The gray and black bars represent the control and intervention groups, respectively.

Changes in Glycemic Status According to
Self-Monitoring of Blood Glucose Compliance
Figure 3 shows the changes in HbA1c levels according to good
and poor compliance with SMBG in the intervention group,
compared with the control group. Compliance was calculated
as the mean SMBG count/day (total numbers of SMBG count
during the total study period divided by the study days for each
participant). Participants with good compliance were defined
as those with mean SMBG count/day ≥1, whereas those with
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SMBG count/day <1 were defined as having poor compliance.
As a result, the participants with good compliance showed a
higher reduction in HbA1c than participants with poor
compliance, although both good and poor compliance
participants showed significantly more reduction in HbA1c
compared with the control group. In contrast, participants with
good compliance only showed significantly more reduction in
FPG than the control group, compared with the little change
between the poor compliance group and the control group
(Multimedia Appendix 8).
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Figure 3. Changes in hemoglobin A1c (HbA1c) according to the self-monitoring of blood glucose compliance of the intervention group compared with
the control group. Data are expressed as mean (SE).

Adverse Events
During the study, 12.4% (18/145) participants in the intervention
group and 8% (8/94) participants in the control group reported
a variety of symptoms, which were classified as adverse events
(Table 3). The numbers of any adverse events did not differ
significantly between the two groups. The most frequent events

were elevated liver enzymes and hypoglycemia, which occurred
only in the intervention group. However, all the reported
symptoms were mild and temporary.
One participant in the control group died from cerebral
infarction, which was classified as serious adverse events during
the study period. However, there was no identified causality
associated with the intervention system.

Table 3. Adverse events through 3 months.
Adverse events

Control group (n=94), n (%)

Intervention group (n=145), n (%)

P value

Any adverse events

8 (9)

18 (12.4)

.35

Elevated liver enzymes

5 (5)

12 (8.3)

Renal impairment

2 (2)

1 (0.7)

Mild hypoglycemia

0 (0)

5 (3.5)

1 (1)a

0 (0)

Serious adverse events
Death
a

Death from cerebral infarction.

Discussion
Principal Findings
In this study, we demonstrated the clinical effect of a mobile
phone–based diabetes management system in multiple primary
care clinics. Participants in the intervention group showed
significantly more reduction in HbA1c and FPG levels at 3
months compared with that of the control group. In addition to
the improvement of glycemic status, there was also a
significantly more reduction in BP and more improvement of
participants’ satisfaction and motivation for the management
of the chronic disease. With the subgroup analyses, the effect
on glycemic control was more significant in those with good
compliance with SMBG, younger age (<60 years), and with
poor glycemic status at baseline (HbA1c ≥8%).
With the developments in IT, the method of monitoring glucose
level has become simpler and more convenient for both patients
with diabetes and their physicians [20]. There has been much
evidence of the effects of Web- and mobile phone–based
glucose-monitoring systems on diabetes management [21,22].
Nevertheless, most of the previous studies targeted patients
under the care of tertiary hospitals and provided limited evidence
http://mhealth.jmir.org/2020/2/e16266/
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in primary care clinic settings. Tertiary hospitals generally have
a sufficient workforce, including professional diabetes specialists
and skilled assistant medical teams. Also, with abundant
educational experiences and professional equipment, the
desirable and intended management could be easily achieved.
However, the use of mobile phone–based diabetes management
systems should spread to primary care clinics where these
resources are insufficient. A previous study of a Web-based
glucose-monitoring and feedback system showed that short
motivational feedback messages, such as encouragement or
simple recommendations, rather than complicated ones, were
effective in glycemic control [23]. Thus, despite the lack of
experience and resources, the use of mobile phone–based
management systems at primary care clinics was likely to have
a similar effect as tertiary hospitals.
In this study, the role of an experienced tertiary hospital was
limited to the coaching center, and most clinics could use the
system independently without much difficulty. As a result, there
was no drop-out at participating clinics during the study period.
At 3 months, we observed more statistically significant
improvements in HbA1c and FPG levels in the intervention
group than in the control group, which demonstrates the clinical
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.143
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effectiveness and applicability of this mobile health system in
the primary care environment. The mean difference between
intervention and control groups was −0.30%, which is slightly
lower than that reported by a meta-analysis of tertiary hospitals
(−0.4 to −0.67%) [22,24], and slightly higher than that reported
in a recent Web-based study targeting primary care clinics in
England (−0.24%) [25]. Interestingly, most of the intervention
clinics showed similar results of glycemic improvement in the
outcome analysis by each clinic, except for one intervention
clinic (Multimedia Appendix 6). Although we could not
precisely evaluate the physician’s interaction with the participant
in this study, it could be a determinant factor for the effective
usage of this system [26]. Besides, participants with good
compliance with SMBG showed more improvement in HbA1c
as in previous studies [27,28], and the mean difference in HbA1c
change was −0.49%. In this study, among the 145 participants
in the intervention group, only 34 (23.4%) were classified as
good compliance with SMBG. For a more effective application
to primary care clinics, additional strategies for the improvement
of compliance, such as a more accessible system or noninvasive
methods for SMBG, are needed to provide positive results [29].
The questionnaire survey showed greater favorable changes in
the satisfaction and motivation aspects for long-term medication
adherence in the intervention group than in the control group.
Previous studies reported the increased effectiveness of mobile
phone–based management systems according to higher
satisfaction and medication adherence [30,31]. These positive
results are thought to have affected the positive effect of this
study.
Interestingly, after the 3-month intervention, the intervention
group also showed significantly more decrease in BP, along
with improvement of glycemic status. Our intervention strategies
for BP were limited to providing an electronic manometer to
the participants with proven hypertension, and we recommended
inputting their BP data at least once a week. In comparison,
other metabolic parameters, including weight-related outcomes
and dyslipidemia, did not show any effect. At baseline, the lipid
profiles of both groups were controlled relatively well, and most
participants were already taking statins. In addition, the input
of weight data was not mandatory in the study. As a result, the
impact on weight and lipid levels is thought to have been
minimal. In the management of diabetes, it is essential to control
various combined metabolic risk factors together to maximize
the risk reduction of diabetic complications [32,33]. Therefore,
more strategies for weight-related outcomes will need to be
supplemented in the following studies.
Subgroup analyses showed little gender and BMI difference in
glucose reduction. However, the effect on glycemic control was
limited only to those under the age of 60 years. Since the study
showed a baseline difference in age between the 2 groups, this
finding suggests that our intervention effect in the reduction of
HbA1c and FPG was mostly attributable to participants under
the age of 60 years. There is much evidence showing the
effectiveness of Web- and mobile phone–based systems in
elderly patients [10,34,35]. The reason why the mobile
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phone–based system had less impact on elderly patients in this
study may be due to the lower socioeconomic and educational
status of primary care patients compared with tertiary hospitals,
which might be the particular situation in South Korea where
the barriers to tertiary hospitals are lower than those of other
countries [36]. In addition, subgroup analyses of baseline HbA1c
levels revealed a more significant reduction among participants
with baseline HbA1c levels of 8% and over. However, the
difference in HbA1c reduction between the control and the
intervention groups was not observed in participants with
baseline HbA1c levels lower than 8%. In the previous study on
the long-term effects of a Web-based glucose-monitoring system
in patients with well-controlled diabetes (baseline HbA1c <7%),
the intervention group remained stable throughout the study
with a low fluctuation of HbA1c level, compared with the high
fluctuation in the control group [23]. Therefore, expanded study
periods are needed to evaluate long-term effects, especially in
patients with well-controlled glycemic status.

Limitations
Our study has several limitations. First, as discussed previously,
there was a significant age difference at baseline between the
intervention and control groups, despite the randomized setting.
The younger age of the intervention group may have a
significant influence on compliance, providing more positive
findings. On the basis of baseline characteristics by each clinic
(Multimedia Appendices 3 and 4), we found that younger
participants were mostly enrolled in intervention clinics
compared with the control clinics. It might be because many of
those who voluntarily participated in intervention clinics had
more interest in the IT-based intervention and were younger
than those in control clinics. Second, as a cluster-randomized
open-label trial, variations in each medical team’s interventions
could cause bias. Finally, the follow-up duration was short, and
only primary care clinics in large cities were targeted. Further
studies targeting the primary care clinics in rural areas, where
resources are more insufficient, and longer study periods are
needed to provide extended evidence of mobile phone–based
diabetes management systems. However, our research has the
strength of being a well-designed and well-proceeded
multicenter cluster-randomized controlled study with a relatively
large number of clinics and participants. With a
cluster-randomized setting, we could minimize the treatment
contamination—a
critical
issue
of
educational
intervention—between intervention and control participants
[37].

Conclusions
In this study, we confirmed the clinical efficacy and applicability
of a mobile phone–based diabetes-monitoring and feedback
system in primary care clinics, which relatively lack the
professional workforce and educational environment for chronic
disease management. Younger patients with poor glycemic
status (HbA1c ≥8%) and good compliance with SMBG are those
who may benefit the most from this intervention.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.144
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Yang et al

Acknowledgments
The authors thank all the participants, investigators, and trial staff who were involved in the conduct of the trial. This research
was supported by the Information and Communications Technology (ICT) R&D Program of Ministry of Science, ICT and Future
Planning (R0236-15-1007 telemedicine activation model development and substantiation) and the Creative Vitamin Project and
by the Bio & Medical Technology Development Program of the National Research Foundation (NRF) funded by the Ministry of
Science & ICT (NRF-2018M3A9E8021503).

Conflicts of Interest
None declared.
Multimedia Appendix 1
The 13 private clinics that participated in this study.
[DOCX File , 18 KB - mhealth_v8i2e16266_app1.docx ]
Multimedia Appendix 2
Study design.
[DOCX File , 55 KB - mhealth_v8i2e16266_app2.docx ]
Multimedia Appendix 3
Baseline characteristics by each clinic in the control group.
[DOCX File , 20 KB - mhealth_v8i2e16266_app3.docx ]
Multimedia Appendix 4
Baseline characteristics by each clinic in the intervention group.
[DOCX File , 23 KB - mhealth_v8i2e16266_app4.docx ]
Multimedia Appendix 5
Mean changes in efficacy outcomes from baseline in each clinic of the control group.
[DOCX File , 20 KB - mhealth_v8i2e16266_app5.docx ]
Multimedia Appendix 6
Mean changes in efficacy outcomes from baseline in each clinic of the intervention group.
[DOCX File , 25 KB - mhealth_v8i2e16266_app6.docx ]
Multimedia Appendix 7
Subgroup analyses of changes in fasting plasma glucose by sex, age, BMI, and baseline hemoglobin A1c.
[DOCX File , 65 KB - mhealth_v8i2e16266_app7.docx ]
Multimedia Appendix 8
Changes in fasting plasma glucose according to the self-monitoring of blood glucose compliance of the intervention group
compared with the control group.
[DOCX File , 67 KB - mhealth_v8i2e16266_app8.docx ]
Multimedia Appendix 9
CONSORT EHEALTH checklist (V 1.6.1).
[PDF File (Adobe PDF File), 2475 KB - mhealth_v8i2e16266_app9.pdf ]

References
1.

2.
3.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in diabetes since 1980: a pooled analysis of 751
population-based studies with 4.4 million participants. Lancet 2016 Apr 9;387(10027):1513-1530 [FREE Full text] [doi:
10.1016/S0140-6736(16)00618-8] [Medline: 27061677]
Ceriello A, Monnier L, Owens D. Glycaemic variability in diabetes: clinical and therapeutic implications. Lancet Diabetes
Endocrinol 2019 Mar;7(3):221-230. [doi: 10.1016/S2213-8587(18)30136-0] [Medline: 30115599]
Powers MA, Bardsley J, Cypress M, Duker P, Funnell MM, Fischl AH, et al. Diabetes self-management education and
support in type 2 diabetes: a joint position statement of the American Diabetes Association, the American Association of

http://mhealth.jmir.org/2020/2/e16266/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.145
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

4.

5.
6.

7.

8.

9.

10.
11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

Diabetes Educators, and the Academy of Nutrition and Dietetics. Clin Diabetes 2016 Apr;34(2):70-80 [FREE Full text]
[doi: 10.2337/diaclin.34.2.70] [Medline: 27092016]
Meigs JB, Cagliero E, Dubey A, Murphy-Sheehy P, Gildesgame C, Chueh H, et al. A controlled trial of web-based diabetes
disease management: the MGH diabetes primary care improvement project. Diabetes Care 2003 Mar;26(3):750-757. [doi:
10.2337/diacare.26.3.750] [Medline: 12610033]
Kwon HS, Cho JH, Kim HS, Song BR, Ko SH, Lee JM, et al. Establishment of blood glucose monitoring system using the
internet. Diabetes Care 2004 Feb;27(2):478-483. [doi: 10.2337/diacare.27.2.478] [Medline: 14747232]
Cho JH, Kwon HS, Kim HS, Oh JA, Yoon KH. Effects on diabetes management of a health-care provider mediated, remote
coaching system via a PDA-type glucometer and the internet. J Telemed Telecare 2011;17(7):365-370. [doi:
10.1258/jtt.2011.100913] [Medline: 21933896]
Pal K, Eastwood SV, Michie S, Farmer A, Barnard ML, Peacock R, et al. Computer-based interventions to improve
self-management in adults with type 2 diabetes: a systematic review and meta-analysis. Diabetes Care 2014
Jun;37(6):1759-1766. [doi: 10.2337/dc13-1386] [Medline: 24855158]
Istepanian RS, Zitouni K, Harry D, Moutosammy N, Sungoor A, Tang B, et al. Evaluation of a mobile phone telemonitoring
system for glycaemic control in patients with diabetes. J Telemed Telecare 2009;15(3):125-128. [doi: 10.1258/jtt.2009.003006]
[Medline: 19364893]
Cho JH, Lee HC, Lim DJ, Kwon HS, Yoon KH. Mobile communication using a mobile phone with a glucometer for glucose
control in Type 2 patients with diabetes: as effective as an Internet-based glucose monitoring system. J Telemed Telecare
2009;15(2):77-82. [doi: 10.1258/jtt.2008.080412] [Medline: 19246607]
Kim HS, Lee KH, Kim H, Kim JH. Using mobile phones in healthcare management for the elderly. Maturitas 2014
Dec;79(4):381-388. [doi: 10.1016/j.maturitas.2014.08.013] [Medline: 25270725]
Goyal S, Nunn CA, Rotondi M, Couperthwaite AB, Reiser S, Simone A, et al. A mobile app for the self-management of
type 1 diabetes among adolescents: a randomized controlled trial. JMIR Mhealth Uhealth 2017 Jun 19;5(6):e82 [FREE Full
text] [doi: 10.2196/mhealth.7336] [Medline: 28630037]
Kim HS, Hwang Y, Lee JH, Oh HY, Kim YJ, Kwon HY, et al. Future prospects of health management systems using
cellular phones. Telemed J E Health 2014 Jun;20(6):544-551 [FREE Full text] [doi: 10.1089/tmj.2013.0271] [Medline:
24693986]
Garabedian LF, Ross-Degnan D, Wharam JF. Mobile phone and smartphone technologies for diabetes care and
self-management. Curr Diab Rep 2015 Dec;15(12):109 [FREE Full text] [doi: 10.1007/s11892-015-0680-8] [Medline:
26458380]
Korean Diabetes Association. 2013 Treatment Guidelines for Diabetes. website [FREE Full text]
Miller KM, Beck RW, Bergenstal RM, Goland RS, Haller MJ, McGill JB, T1D Exchange Clinic Network. Evidence of a
strong association between frequency of self-monitoring of blood glucose and hemoglobin A1c levels in T1D exchange
clinic registry participants. Diabetes Care 2013 Jul;36(7):2009-2014 [FREE Full text] [doi: 10.2337/dc12-1770] [Medline:
23378621]
Polonsky WH, Fisher L, Schikman CH, Hinnen DA, Parkin CG, Jelsovsky Z, et al. Structured self-monitoring of blood
glucose significantly reduces A1C levels in poorly controlled, noninsulin-treated type 2 diabetes: results from the Structured
Testing Program study. Diabetes Care 2011 Feb;34(2):262-267 [FREE Full text] [doi: 10.2337/dc10-1732] [Medline:
21270183]
Bradley C. Diabetes treatment satisfaction questionnaire. Change version for use alongside status version provides appropriate
solution where ceiling effects occur. Diabetes Care 1999 Mar;22(3):530-532 [FREE Full text] [doi: 10.2337/diacare.22.3.530]
[Medline: 10097946]
Morisky DE, Ang A, Krousel-Wood M, Ward HJ. Predictive validity of a medication adherence measure in an outpatient
setting. J Clin Hypertens (Greenwich) 2008 May;10(5):348-354 [FREE Full text] [doi: 10.1111/j.1751-7176.2008.07572.x]
[Medline: 18453793]
Quinn CC, Shardell MD, Terrin ML, Barr EA, Ballew SH, Gruber-Baldini AL. Cluster-randomized trial of a mobile phone
personalized behavioral intervention for blood glucose control. Diabetes Care 2011 Sep;34(9):1934-1942 [FREE Full text]
[doi: 10.2337/dc11-0366] [Medline: 21788632]
Wildevuur SE, Simonse LWL. Information and communication technology-enabled person-centered care for the 'big five'
chronic conditions: scoping review. J Med Internet Res 2015 Mar 27;17(3):e77 [FREE Full text] [doi: 10.2196/jmir.3687]
[Medline: 25831199]
de Jong CC, Ros WJ, Schrijvers G. The effects on health behavior and health outcomes of internet-based asynchronous
communication between health providers and patients with a chronic condition: a systematic review. J Med Internet Res
2014 Jan 16;16(1):e19 [FREE Full text] [doi: 10.2196/jmir.3000] [Medline: 24434570]
Wu Y, Yao X, Vespasiani G, Nicolucci A, Dong Y, Kwong J, et al. Mobile app-based interventions to support diabetes
self-management: a systematic review of randomized controlled trials to identify functions associated with glycemic efficacy.
JMIR Mhealth Uhealth 2017 Mar 14;5(3):e35 [FREE Full text] [doi: 10.2196/mhealth.6522] [Medline: 28292740]

http://mhealth.jmir.org/2020/2/e16266/

XSL• FO
RenderX

Yang et al

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.146
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
23.

24.
25.

26.

27.

28.

29.
30.

31.

32.
33.
34.

35.

36.

37.

Yang et al

Cho JH, Chang SA, Kwon HS, Choi YH, Ko SH, Moon SD, et al. Long-term effect of the internet-based glucose monitoring
system on HbA1c reduction and glucose stability: a 30-month follow-up study for diabetes management with a ubiquitous
medical care system. Diabetes Care 2006 Dec;29(12):2625-2631. [doi: 10.2337/dc05-2371] [Medline: 17130195]
Cui M, Wu X, Mao J, Wang X, Nie M. T2DM self-management via smartphone applications: a systematic review and
meta-analysis. PLoS One 2016;11(11):e0166718. [doi: 10.1371/journal.pone.0166718] [Medline: 27861583]
Murray E, Sweeting M, Dack C, Pal K, Modrow K, Hudda M, et al. Web-based self-management support for people with
type 2 diabetes (HeLP-Diabetes): randomised controlled trial in English primary care. BMJ Open 2017 Sep 27;7(9):e016009
[FREE Full text] [doi: 10.1136/bmjopen-2017-016009] [Medline: 28954789]
Schieber A, Kelly-Irving M, Génolini JP, Membrado M, Tanguy L, Fabre C, INTERMEDE Group. Integrating
multidisciplinary results to produce new knowledge about the physician-patient relationship: a methodology applied to the
INTERMEDE project. J Mix Methods Res 2017 Apr;11(2):174-201 [FREE Full text] [doi: 10.1177/1558689815588643]
[Medline: 28491010]
Rho MJ, Kim SR, Kim H, Cho J, Yoon K, Mun SK, et al. Exploring the relationship among user satisfaction, compliance,
and clinical outcomes of telemedicine services for glucose control. Telemed J E Health 2014 Aug;20(8):712-720. [doi:
10.1089/tmj.2013.0309] [Medline: 24901576]
Cho JH, Kim HS, Yoo SH, Jung CH, Lee WJ, Park CY, et al. An internet-based health gateway device for interactive
communication and automatic data uploading: Clinical efficacy for type 2 diabetes in a multi-centre trial. J Telemed Telecare
2017 Jul;23(6):595-604. [doi: 10.1177/1357633X16657500] [Medline: 27381040]
Wagner J, Malchoff C, Abbott G. Invasiveness as a barrier to self-monitoring of blood glucose in diabetes. Diabetes Technol
Ther 2005 Aug;7(4):612-619. [doi: 10.1089/dia.2005.7.612] [Medline: 16120035]
Kim HS, Choi W, Baek EK, Kim YA, Yang SJ, Choi IY, et al. Efficacy of the smartphone-based glucose management
application stratified by user satisfaction. Diabetes Metab J 2014 Jun;38(3):204-210 [FREE Full text] [doi:
10.4093/dmj.2014.38.3.204] [Medline: 25003074]
Kim YJ, Rhee SY, Byun JK, Park SY, Hong SM, Chin SO, et al. A smartphone application significantly improved diabetes
self-care activities with high user satisfaction. Diabetes Metab J 2015 Jun;39(3):207-217 [FREE Full text] [doi:
10.4093/dmj.2015.39.3.207] [Medline: 26124991]
Gæde P, Vedel P, Larsen N, Jensen GV, Parving H, Pedersen O. Multifactorial intervention and cardiovascular disease in
patients with type 2 diabetes. N Engl J Med 2003 Jan 30;348(5):383-393. [doi: 10.1056/nejmoa021778]
del Cañizo-Gómez FJ, Moreira-Andrés MN. Cardiovascular risk factors in patients with type 2 diabetes. Do we follow the
guidelines? Diabetes Res Clin Pract 2004 Aug;65(2):125-133. [doi: 10.1016/j.diabres.2003.12.002] [Medline: 15223224]
Bond GE, Burr R, Wolf FM, Price M, McCurry SM, Teri L. The effects of a web-based intervention on the physical
outcomes associated with diabetes among adults age 60 and older: a randomized trial. Diabetes Technol Ther 2007
Feb;9(1):52-59 [FREE Full text] [doi: 10.1089/dia.2006.0057] [Medline: 17316098]
Lim S, Kang SM, Shin H, Lee HJ, Yoon JW, Yu SH, et al. Improved glycemic control without hypoglycemia in elderly
diabetic patients using the ubiquitous healthcare service, a new medical information system. Diabetes Care 2011
Feb;34(2):308-313 [FREE Full text] [doi: 10.2337/dc10-1447] [Medline: 21270188]
Kim E, Kwon S, Xu K. Has income-related inequity in health care utilization and expenditures been improved? Evidence
from the Korean National Health and Nutrition Examination Survey of 2005 and 2010. J Prev Med Public Health 2013
Sep;46(5):237-248 [FREE Full text] [doi: 10.3961/jpmph.2013.46.5.237] [Medline: 24137526]
Torgerson DJ. Contamination in trials: is cluster randomisation the answer? Br Med J 2001 Feb 10;322(7282):355-357
[FREE Full text] [doi: 10.1136/bmj.322.7282.355] [Medline: 11159665]

Abbreviations
ALT: alanine aminotransferase
ANCOVA: analysis of covariance
AST: aspartate aminotransferase
BP: blood pressure
DTSQs: Diabetes Treatment Satisfaction Questionnaire status version
FPG: fasting plasma glucose
HbA1c: hemoglobin A1c
HDL: high-density lipoprotein
ICT: Information and Communications Technology
IT: information technology
LDL: low-density lipoprotein
MMAS-6: 6-item Morisky Medication Adherence Scale
NRF: National Research Foundation
OHA: oral hypoglycemic agents
SMBG: self-monitoring of blood glucose
http://mhealth.jmir.org/2020/2/e16266/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.147
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Yang et al

T2DM: type 2 diabetes mellitus
WC: waist circumference

Edited by G Eysenbach; submitted 14.09.19; peer-reviewed by Z Huang, G Signorelli, S Li, M Schuuring; comments to author 05.10.19;
revised version received 14.12.19; accepted 24.01.20; published 26.02.20.
Please cite as:
Yang Y, Lee EY, Kim HS, Lee SH, Yoon KH, Cho JH
Effect of a Mobile Phone–Based Glucose-Monitoring and Feedback System for Type 2 Diabetes Management in Multiple Primary
Care Clinic Settings: Cluster Randomized Controlled Trial
JMIR Mhealth Uhealth 2020;8(2):e16266
URL: http://mhealth.jmir.org/2020/2/e16266/
doi:10.2196/16266
PMID:32130172

©Yeoree Yang, Eun Young Lee, Hun-Sung Kim, Seung-Hwan Lee, Kun-Ho Yoon, Jae-Hyoung Cho. Originally published in
JMIR mHealth and uHealth (http://mhealth.jmir.org), 26.02.2020. 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.

http://mhealth.jmir.org/2020/2/e16266/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16266 | p.148
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Liew et al

Original Paper

A Mobile Health Team Challenge to Promote Stepping and Stair
Climbing Activities: Exploratory Feasibility Study
Seaw Jia Liew1, MEng; Alex Wilhelm Gorny1, MBBS, MSc; Chuen Seng Tan1,2, MSc, PhD; Falk
Müller-Riemenschneider1,2,3, MBBS, MSc, MD
1

Saw Swee Hock School of Public Health, National University of Singapore, National University Health System, Singapore, Singapore

2

Yong Loo Lin School of Medicine, National University of Singapore, National University Health System, Singapore, Singapore

3

Institute of Social Medicine, Epidemiology and Health Economics, Charité - Universitätsmedizin, Berlin, Germany

Corresponding Author:
Falk Müller-Riemenschneider, MBBS, MSc, MD
Saw Swee Hock School of Public Health
National University of Singapore
National University Health System
Tahir Foundation Building (Block MD1)
12 Science Drive 2, #09-01v
Singapore, 117549
Singapore
Phone: 65 6601 3122
Email: ephmf@nus.edu.sg

Abstract
Background: Mobile health (mHealth) approaches are growing in popularity as a means of addressing low levels of physical
activity (PA).
Objective: This study aimed to determine the validity of wearables in measuring step count and floor count per day and assess
the feasibility and effects of a 6-week team challenge intervention delivered through smartphone apps.
Methods: Staff and students from a public university were recruited between 2015 and 2016. In phase 1, everyone wore a Fitbit
tracker (Charge or Charge HR) and an ActiGraph for 7 days to compare daily step count estimated by the two devices under
free-living conditions. They were also asked to climb 4 bouts of floors in an indoor stairwell to measure floor count which was
compared against direct observation. In phase 2, participants were allocated to either a control or intervention group and received
a Fitbit tracker synced to the Fitbit app. Furthermore, the intervention group participants were randomized to 4 teams and competed
in 6 weekly (Monday to Friday) real-time challenges. A valid day was defined as having 1500 steps or more per day. The outcomes
were as follows: (1) adherence to wearing the Fitbit (ie, number of days in which all participants in each group were classified
as valid users aggregated across the entire study period), (2) mean proportion of valid participants over the study period, and (3)
the effects of the intervention on step count and floor count determined using multiple linear regression models and generalized
estimating equations (GEEs) for longitudinal data analysis.
Results: In phase 1, 32 of 40 eligible participants provided valid step count data, whereas all 40 participants provided valid
floor count data. The Fitbit trackers demonstrated high correlations (step count: Spearman ρ=0.89; P<.001; floor count: Spearman
ρ=0.98; P<.001). The trackers overestimated step count (median absolute error: 17%) but accurately estimated floor count. In
phase 2, 20 participants each were allocated to an intervention or control group. Overall, 24 participants provided complete
covariates and valid PA data for analyses. Multiple linear regressions revealed that the average daily steps was 15.9% higher for
the intervention group (95% CI −8.9 to 47.6; P=.21) during the final two intervention weeks; the average daily floors climbed
was 39.4% higher (95% CI 2.4 to 89.7; P=.04). GEE results indicated no significant interaction effects between groups and the
intervention week for weekly step count, whereas a significant effect (P<.001) was observed for weekly floor count.
Conclusions: The consumer wearables used in this study provided acceptable validity in estimating stepping and stair climbing
activities, and the mHealth-based team challenge interventions were feasible. Compared with the control group, the participants
in the intervention group climbed more stairs, so this can be introduced as an additional PA promotion target in the context of
mHealth strategies. Methodologically rigorous studies are warranted to further strengthen this study’s findings.
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Background

can be effectively integrated into daily routines and thus
potentially increase the effectiveness of PA interventions in
real-life settings.

Low levels of physical activity (PA) can be attributed to societal
development and modern workplaces, schools, and homes [1,2].
Physical inactivity has been identified as one of the leading risk
factors for noncommunicable diseases, including obesity,
diabetes, and heart diseases, and as a cause of preventable death
[3,4]. Studies have demonstrated that even light PA can confer
relevant health benefits among inactive individuals [5-11].
Simple measures that increase activities of daily living (eg, steps
walked and stairs climbed) can be incorporated into daily life
in public and work settings to provide health benefits [12-14].
Although stepping activities are a widely used target for PA
promotion strategies [15,16], stair climbing has been identified
as an actionable and time-saving approach; it is usually of
greater intensity (ie, moderate-to-vigorous PA, MVPA) [17]
and has been found to confer health benefits, such as
improvements in cardiorespiratory fitness [18,19] and blood
pressure [13]. Stair climbing and strategies to promote stair
climbing may also be particularly appropriate among adults in
Asia and metropolitan areas, which are densely populated with
many high-rise buildings. Point-of-decision prompts have been
widely used to encourage stair climbing at the population level
[20]. However, in the long term, these strategies have not proven
effective because people may have become habituated to these
cues over time [21].

Systematic reviews suggest that using pedometers paired with
goal setting increased daily step count and resulted in decreases
in body mass index and systolic blood pressure [15]. In the
advent of consumer PA wearable devices beyond pedometers,
there has been an increasing number of studies that investigated
the effects of these wearables on promoting PA levels, in part
with improvements in step count [37]. The potential of mHealth
interventions on promoting stair climbing remains unstudied,
despite the potentially greater health impact of this more
intensive form of PA. With regard to the accuracy of consumer
wearables to measure PA-related outcomes, previous validation
studies have suggested that step count information from such
devices may correlate well with established measures, but they
may also under- or overestimate activity levels in absolute terms,
which is an important consideration in setting appropriate goals
or incentives [38,39]. The literature also suggests that the
accuracy of different types of wearables differs considerably
[38,40] and that fewer studies were conducted in free-living
settings [38,41,42]. To the best of our knowledge, no published
study has assessed consumer devices with regard to their
accuracy of measuring stair climbing activities. This warrants
further investigation before stair climbing activities can be
incorporated as a target for mHealth interventions, aiming to
promote PA.

Today, electronic health and mobile health (mHealth)
technologies (eg, wireless communication technologies, database
server, sensors embedded in smartphone and wearable devices,
and smartphone apps) enable us to objectively collect continuous
PA and other contextual information under free-living conditions
(ie, usual daily activities carried out in the community or at
home). Moreover, improved design and enhanced digital
connectivity have allowed more interactive and entertaining
strategies for behavioral change to be developed [16,22-26].
For example, modern PA wearables and smartphone apps
provide users with quantitative visual feedback on their PA
level and empower them to continuously monitor and improve
their behavior. Behavior change techniques (BCTs), such as
goal setting, self-monitoring, and feedback, have been found
effective in health promotion [27-29]. Moreover, gamified
interventions have been shown to further improve user
engagement and thereby potentially increase intervention
effectiveness [30,31]. Examples include leaderboards,
team-based performance feedback, or social and financial
incentives, which have been shown to translate to better PA
outcomes [32-34]. Feedback is a common BCT that can improve
goal attainment through action planning [35] by giving explicit
suggestions on when, where, and how to perform the action
[36]. In addition to the continuous objective monitoring of
diverse sensor-based information, mHealth technologies also
enable the provision of continuous feedback in real time, which
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This feasibility study aimed to address some of these evidence
gaps to guide the development of large-scale studies and health
promotion initiatives in the future. The study included an
assessment of the validity and feasibility of using an mHealth
technology suite for the implementation of a real-time PA
intervention to increase stepping and stair climbing activities
among adults in the general population. The intervention to be
tested comprised a team challenge, using a random team-forming
approach to overcome two key limitations of team-based
interventions: (1) scalability because of the need to identify and
register a team, and (2) biases in findings when participants
self-select team members [43]. The specific aims of this study
were (1) to develop a multicomponent mHealth technology
suite, which comprised PA wearables (ie, Fitbit Charge and
Charge HR) and an interactive smartphone app supported by a
Web-based data management system, (2) to determine the
validity of these integrated wearables in measuring number of
steps taken per day and number of floors climbed per day, and
(3) to assess the feasibility and explore the effects of the team
challenge intervention (ie, a pilot controlled trial) targeting
adults at work or in a tertiary education setting from Monday
to Friday. Leveraging several key BCTs [44], the team challenge
adopted gamification features, such as feedback, social support,
social incentive or reward, and self-monitoring, to facilitate PA
behaviors.
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Methods
Study Participants
Recruitment of participants was conducted through posters,
dissemination of e-flyers, and emails detailing the study
objectives and inclusion and exclusion criteria through 4
faculties at the National University of Singapore from 2015 to
2016. Staff or students were deemed eligible if they (1) were
aged 21 to 65 years, (2) free from physical disabilities or
illnesses that would restrict normal activities, (3) were English
literate, and (4) owned a smartphone that could support the use
of a Fitbit tracker (Fitbit Charge or Charge HR). Potential
participants were excluded if they intended to travel abroad for
the duration of the study. Participants provided informed consent
to participate in the study. The National University of Singapore
Institutional Review Board approved the study protocol.

Liew et al

Study Design
This pilot study involved 3 sequential processes: (1)
conceptualization of team challenge intervention delivered
through a purposively developed multicomponent mHealth
technology suite, which comprises consumer PA wearables,
researcher-designed smartphone apps integrated with interactive
gamification features, and a Web-based data management
system as shown in Figure 1; (2) a validation study to determine
the validity of the Fitbit wearables in measuring daily steps (ie,
a step refers to lifting one’s foot and putting it down in a
different place) and floor count (ie, 1 floor count is equivalent
to a 10 feet upward vertical displacement); and (3) a feasibility
study (ie, a controlled pilot trial) that aimed to evaluate the
real-time team challenge intervention integrated in the
purposively developed mHealth system.

Figure 1. Internet and mobile health technologies to deliver team-based physical activity intervention and enhance user experience.

Mobile Health Technology Suite
Every participant recruited for the feasibility study was provided
with a wearable device (either Fitbit Charge or Charge HR
tracker at random) and the Fitbit proprietary app. However, only
intervention group participants were registered for the additional
use of the mHealth technology suite (Figure 1). The mHealth
suite was realized through an integration of 3 major components:
(1) Fitbit tracker and its proprietary app, (2) a purposively
developed smartphone app with interactive functionalities, and
(3) a Web-based data management unit. Fitbit was chosen for
this study given the relative popularity the brand enjoyed at the
time this pilot study was conducted. To complement the Fitbit
tracker and the proprietary Fitbit app, a separate smartphone
app and a Web portal compatible with the iOS and Android
mobile systems were developed and linked with the Fitbit server
through the application programming interface (API) provided
by Fitbit. Furthermore, the apps sent push notifications and
delivered in-app team challenges that aimed to engage
intervention group participants in taking more steps and stairs
every day. All smartphone apps and Web portal were password
protected, and participants were asked not to input any personal
https://mhealth.jmir.org/2020/2/e12665
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information for the duration of the study. The data were
downloaded from the Web portal by the research team at the
end of the study.

Intervention
Team Formation
The intervention group participants were randomly assigned to
smaller teams to avoid undue advantages of one team over the
other. This study tested a team-based approach, which could
potentially be replicated in large-scale settings (1) to promote
team-based PA yet prevent high disparities in PA levels among
teams; (2) to encourage PA and facilitate team forming in a
real-world situation, especially in workplace or school settings
when a person’s PA buddies may not always be around in the
same geographical locations; and (3) to create an avenue for
individuals with a restricted social network to attempt
team-based activities without the hassle of forming a physical
team. The concept of anonymous sign up (nonregistering) of
teams was implemented and tested in this pilot study because
it helps to overcome the following two key limitations of
commonly used team-based challenges: (1) scalability because
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12665 | p.151
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of the need to identify and register a team, and (2) biases related
to self-selection of teams and team members [43].

Team-Based Challenges
The intervention comprised team-based challenges with multiple
components (Textbox 1). Daily stepping and stairs climbed
were quantified as the number of steps taken per day and the
number of floors climbed per day, respectively. The challenges
were designed to run on weekdays (from Monday to Friday)
exclusively during the intervention period. All intervention

Liew et al
group participants were randomly allocated into teams of equal
size and prompted via smartphone push notifications to
participate in the challenges. The intervention lasted 6 weeks,
comprising repeated team-based challenges (weeks 1 and 4:
steps challenge, weeks 2 and 5: stair climbing challenge, and
weeks 3 and 6: steps challenge + lunchtime dash) that were
prescheduled on a weekly basis. The lunchtime dash was a
variation in which additional points were given for increase in
step count and floor count during lunch hour.

Textbox 1. Features of the team challenge and purposively developed smartphone app.
Time of challenge: weekdays (Monday to Friday) 12 AM to 11:59 PM
Duration of challenge: 6 weeks
Types of challenges
• Weeks 1 and 4: steps challenge
• Weeks 2 and 5: stair climbing challenge
• Weeks 3 and 6: steps challenge + lunchtime dash (12 PM to 3 PM; additional points were awarded for steps taken and floors climbed during lunchtime)
Delivery of intervention: purposively developed smartphone app with interactive in-app features
• Prescheduled announcement of challenge: type, time, duration, and points awarded
• Virtual live chat: controlled message exchange among team members
• Leaderboard: visual feedback of weekly team ranking
• Virtual rewards: congratulatory message to the winning team

Gamification
Gamification (Multimedia Appendix 1) was adopted to motivate
teams to compete to achieve goals and create a platform for
team members to review their PA performance, communicate,
and establish peer support to earn rewards for the team. In this
study, in addition to delivering challenge-related notifications,
the study app was developed to provide gamified features
available only to the intervention group. To experience these
gamification features, notifications were sent during the first 2
weeks of the intervention to remind the intervention group
participants to synchronize their trackers with the study app.
An individual’s PA measures were converted to the team’s
performance scores.

and also reflected on the leaderboard. An individual’s PA
statistics in terms of steps taken and stairs climbed were
delivered in real time through the study app.

Virtual Chatroom
A virtual chatroom with an instant messaging feature was made
available to all competing teams, but the exchange of short
messages was restricted to only team members. Teammates
remained anonymous throughout the study, and the exchange
of messages was moderated by the research team.

Leaderboard
The leaderboard, a visual feedback of weekly team rankings,
was made available to all intervention group participants.

Prescheduled Challenge Announcements

Virtual Rewards

Actionable feedback was realized by providing explicit
information about the weekly challenges: what (type of
challenges; ie, stepping, stair climbing, or lunchtime dash
challenge), when (dates and time of weekly challenge), how
(type of PA and measures, such as step count or floor count),
and reward (the associated scoring scheme and awarded points
for every increase in the number of steps taken or floors
climbed).

The incentives administered through our system were
nonmaterial in nature. At the end of each challenge week,
congratulatory messages were delivered to the winning team,
and the final team ranking for the week was updated on the
leaderboard.

Real-Time Feedback
Team-level feedback on PA performance (daily step count or
floor count) were delivered through weekly push notifications
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Study Procedure
The study was organized into the following two main phases:
(1) a validation study and (2) a feasibility study, that is, the
evaluation of the controlled pilot trial, which consisted of the
run-in (baseline), intervention, ending, and postintervention
phases, as defined in Table 1.
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Table 1. Definition of study phases in temporal order.
Study phase

Definition

Phase 1: validation study
Validation of daily steps

•
•

7 days of wearing physical activity wearables in free-living conditions
Fitbit-measured step count data were compared with those measured using ActiGraph

Validation of floor count

•

4 bouts of upward stair climbing: 10 ft, 20 ft, 10 ft, and 20 ft in indoor stairwell (10 ft upward vertical
displacement is equivalent to 1 floor count)
Fitbit-measured floor count data were compared with visual observation

•
Phase 2: feasibility study
Run-in (baseline)

•

10 days (including weekdays and weekends) before group allocation when baseline step count and floor
count measurements were established

Intervention

•

6 weeks of intervention (comprising 6 weekly challenges running from Monday to Friday) or 6 weeks of
free living for the control group

Ending

•

Last 10 weekdays (Monday to Friday of week 5 and week 6) of the intervention phase

Postintervention

•

5 weekdays after the intervention phase

Phase 1: Validation Study
Daily steps validation was conducted in free-living conditions
for 7 consecutive days, whereas floor count validation involved
4 bouts of upward stair climbing in an indoor stairwell. Details
on recruitment have been published in a previous paper [38].
Briefly, members of the university’s staff and students were
recruited through department-approved internal emails. All
participants self-reported sociodemographic information through
a Web-based questionnaire and completed measurements of
height and weight necessary to initialize the devices used in the
study. Each participant received a password-protected Fitbit
mobile app, a Fitbit account that was identified using a unique
subject identification number, and a wrist-worn Fitbit Charge
or Charge HR that was linked to the Fitbit account. Participants
were allowed to view their PA data from the Fitbit official
dashboard, and they were advised to charge the wearable
regularly. Subsequently, participants were brought to an indoor
stairwell to validate the floor count function of the device. Each
participant embarked on 4 separate bouts of climbing (upward):
10 ft, 20 ft, 10 ft, and, finally, 20 ft of vertical height, giving
rise to a cumulative height climbed of 60 ft (ie, 10 ft is
equivalent to 1 floor count) per person. Total floor count after
each bout of climbing was read off the Fitbit display. Following
stair climbing, participants were asked to wear an ActiGraph
GT3X+ accelerometer on the right hip, concurrently with the
wrist-worn Fitbit tracker, to provide 7 days’ worth of steps data
during waking hours. All participants received prompts to record
their time of accelerometer use through a smartphone-based
activity diary.
The ActiGraph-measured step count data in 60-second epochs
were downloaded using ActiLife 6 software (ActiGraph, LLC),
whereas the Fitbit-measured step count data were extracted from
the Fitbit Web server using a developer’s API issued by Fitbit.
A valid day was defined as having accumulated 1500 steps or
more taken per day [45] with 10 hours or more per day,
restricted only to common wear time based on both ActiGraph
https://mhealth.jmir.org/2020/2/e12665
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and Fitbit tracker. Participants who provided 4 or more valid
days [46] of ActiGraph and Fitbit data were included for the
validation analysis.

Phase 2: Feasibility Study
The feasibility study was a controlled pilot trial with the
following objectives: (1) to determine adherence to wearing the
Fitbit (ie, number of days in which all participants in each group
were classified as valid users aggregated across entire study
period), (2) to determine the mean proportion of valid
participants over the study period, and (3) to explore the effects
of the team challenge intervention in promoting stepping and
stair climbing among the completers (ie, participants who
provided complete baseline information and valid Fitbit data at
both baseline and ending phases). Recruitment was open to the
existing participants who had completed the validation study
as well as new participants. Newly recruited participants were
also asked to complete the baseline questionnaire, and their
height and weight were measured. All eligible participants
entered the run-in (baseline) phase, which allowed new
participants to familiarize themselves with using the Fitbit
trackers and Fitbit app. All participants were assisted during
the installation of the purposively developed study app at
baseline. Despite this assistance, it was not possible to
successfully install and enable the latest version of the study
app on iOS devices and certain Android phones because of
unresolvable incompatibility issues. As such, participants who
successfully used the purposively developed study app were
allocated to the intervention group. Participants who could not
use the study app because of incompatibility were assigned to
the control group. During the run-in period, app features (ie,
team challenge, leaderboard, virtual chatroom, and reward) were
not activated. After group allocation was determined, the
intervention started for all intervention group participants at the
same time. Both groups were then followed up for 6 weeks with
an additional 1 week of free living (postintervention).
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PA was measured using the Fitbit devices as the number of
steps taken per day or the number of floors (10 ft) climbed per
day. Baseline PA was quantified as the average number of steps
taken per day or number of floors (10 ft) climbed per day during
the run-in period. Ending PA was quantified as the average
number of steps taken per day or number of floors (10 ft)
climbed per day during the last 10 weekdays (ie, Monday to
Friday on week 5 and week 6) of the 6-week intervention period.
The main outcome was the difference between the intervention
and control groups in terms of PA data from baseline to the
ending phase. Additional outcomes were as follows: (1)
adherence to Fitbit use (ie, number of days in which all
participants in each group were classified as valid users
aggregated across entire study period), and (2) the mean
proportion of valid participants over the study period.
A valid day was defined as having accumulated 1500 steps or
more per day [45]. Step count and floor count data from invalid
days were not considered. Only participants who achieved 4 or
more valid days of data [46] at both run-in (baseline) and ending
phases were considered valid users and included in the analyses.
On the basis that the team challenges were conducted on
weekdays (ie, from Monday to Friday), the estimation of
potential intervention effects used only PA data from weekdays.

Statistical Analysis
Phase 1: Analyses of Data From Validation Study
For the validation of daily steps taken per day, the assessment
of the convergent validity of Fitbit compared with the ActiGraph
was done on a day-to-day basis by aggregating the number of
steps taken within each day. Spearman correlation coefficient
(ρ) and intraclass correlation coefficient (ICC) were used to
assess correlation and agreement, respectively, in step count
data between ActiGraph and Fitbit. The Spearman ρ ranges
from −1 (perfect negative correlation) to +1 (perfect positive
correlation). An absolute Spearman correlation magnitude of
0.90 to 1.00 implied very high, 0.70 to 0.89 implied high, 0.50
to 0.69 implied moderate, 0.30 to 0.49 implied low, and 0.30
or less implied negligible correlation [39]. The agreement
between measurements was interpreted based on the ICC
estimate: greater than 0.90 implied excellent, 0.75 to 0.90
implied good, 0.50 to 0.75 implied moderate, and less than 0.50
implied poor agreement [40]. The median of absolute percentage
error (MdAPE) between step count measured by Fitbit and
ActiGraph was defined as the median of:

For the validation of floor count, the Spearman ρ and ICC
estimate were used to assess correlation and agreement,
respectively, in floor count data between visual observation and
Fitbit. The MdAPE between floor count data obtained by Fitbit
and visual observation was defined as the median of:

Phase 2: Analyses of Data From Feasibility Study
Binary baseline characteristics of completers were compared
with noncompleters using Fisher exact test with a 2-sided P
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value and the prevalence ratio. Among the completers,
comparisons between intervention and control groups were
performed using Fisher exact test for categorical variables and
Wilcoxon rank-sum test for continuous variables, where a
2-sided P value was reported for both tests.

Adherence
The proportion of valid participants on each observation day
was defined by the number of participants who contributed valid
step data on the day divided by the total number of participants
(according to group). The adherence of each group was
determined by calculating the rate ratio (RR) of the mean
proportion of each group across the 40-day observation period.
The difference in the mean proportion of valid users between
the intervention and control groups was assessed using 2
independent sample t test.
Stepping and stair climbing activities were described as the
average number of steps taken per day and average number of
floors (10 ft) climbed per day, respectively. PA-related variables
(ie, steps and floors) were log transformed to reduce their
skewness and approximate normal distributions.

Intervention Effect at Ending Phase
The intervention effects between the intervention and control
groups at the ending phase were estimated from multiple linear
regression analyses on log-transformed average number of steps
taken per day and log-trasnformed average number of floors
(10 ft) climbed per day, respectively, with adjustment for
baseline covariates (ie, gender, age, and respective baseline PA
variables). After fitting the multiple linear regression models,
the model assumptions were checked with residual diagnostics.
The intervention effects were reported in terms of percent
change in the average number of steps taken per day or average
number of floors (10 ft) climbed per day between the 2 groups
with the control group as the reference.

Intervention Effect at Each Challenge Week
Generalized estimating equations (GEEs) analyses were
performed on the log-transformed average number of steps taken
per day and log-transformed average number of floors (10 ft)
climbed per day for each week during the intervention period
to detect potentially different weekly intervention effects by
taking into account the within-subject correlation of repeated
weekly outcomes from the same individual. The multiple linear
regression model with GEE was performed where an
autoregressive working correlation matrix was specified, and
the Huber-White estimator of variance was used to obtain a
robust estimate for the standard error. We assessed the
interaction between group status (ie, intervention group vs
control group) and intervention week (ie, week 1 to week 6)
with adjustment for baseline covariates (ie, gender, age, and
respective baseline PA variables). When the interaction term
was significant, a week-specific intervention effect was reported.
On the other hand, if the interaction term was not significant,
we reported the model that did not include the interaction term,
and a common intervention effect across 6 weeks was reported
instead. The model assumptions were checked with residual
diagnostics. The intervention effects were reported in terms of
percent change in the average number of steps taken per day or
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12665 | p.154
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number of floors (10 ft) climbed per day for each week
compared with the control group.
This study was a feasibility study. Thus, sample size calculation
was not performed. All statistical analyses were conducted using
STATA 14.0 for Windows (Stata Corporation).

Results
Participants’ Characteristics
Participants were staff and students from the National University
of Singapore, recruited between 2015 and 2016 (Figure 2). A
total of 40 eligible participants provided informed consent to
participate in the validation study and completed the baseline
assessment. In the phase 1 validation study, 80% (32/40 eligible
participants) completed daily steps validation, whereas 100%
(all 40 eligible participants) completed floor count validation.

Liew et al
Of 40 participants, 23 (58%) further consented to participate in
the subsequent feasibility study (phase 2). In addition, 18
participants were recruited, resulting in 41 eligible individuals
for phase 2. Of the eligible participants, 1 participant
subsequently declined participation, and 40 participants who
completed the run-in period were allocated to the intervention
(n=20) and control (n=20) groups. Of 40 participants, 29 (73%)
completed the 6-week follow-up but 24 (60%; intervention
group=11 and control group=13) participants were classified
as completers if they provided complete exposure data and valid
PA data at both baseline and ending phases. These 24 completers
were included in the analyses of intervention effectiveness.
Baseline characteristics of participants involved in the validation
study and feasibility study are summarized in Table 2. No
significant differences in the baseline characteristics were
observed between the completers and the noncompleters in this
study population (Multimedia Appendix 2).

Figure 2. Participant flow diagram.
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Table 2. Baseline characteristics of participants in validation (n=40) and pilot trial (n=24) included in analyses.
Baseline characteristics

Age (years), median (25th to 75th percentile)

Phase 1: validation study
(N=40)

24 (23-30)

Phase 2: feasibility study (N=24)
Intervention group (n=11)

Control group (n=13) P valuea

28 (23-35)

28 (23-31)

Gender, n (%)

.03

Female

20 (50)

4 (36)

11 (85)

Male

20 (50)

7 (64)

2 (15)

Ethnicity, n (%)

.30

Chinese

33 (82)

8 (73)

12 (92)

Non-Chinese

7 (17)

3 (27)

1 (8)

Education, n (%)
Secondary

b

Tertiary or above

.79

.66
15 (36)

4 (36)

3 (23)

25 (62)

7 (64)

10 (77)

Work status, n (%)

>.99

Studying

27 (67)

6 (54)

7 (54)

Working

13 (32)

5 (45)

6 (46)

Marital status, n (%)

.63

Not married

37 (92)

8 (73)

11 (85)

Married

3 (7)

3 (27)

2 (15)

Body mass index (kg/m2), n (%)

.14

<18.5

1 (2)

0 (0)

2 (15)

18.5-22.9

26 (65)

8 (73)

7 (54)

23.0-24.9

7 (17)

1 (9)

4 (31)

≥25.0

6 (15)

2 (18)

0 (0)

a

In Phase 2, feasibility study: for continuous variables, comparisons were performed by Wilcoxon rank-sum tests (medians); for categorical variables,
Fisher exact tests were used.
b

Secondary educational level included participants who completed A level or attended polytechnic school.

Results of Validation Study
A total of 32 participants provided 215 valid step count data
pairs (measured by both ActiGraph and Fitbit) with an average
of 6.7 (SD 0.6) valid data pairs. In the floor count validation
study, each of the 40 participants provided 1 valid floor count

https://mhealth.jmir.org/2020/2/e12665

XSL• FO
RenderX

data pair (direct observation vs measured by Fitbit; Table 3). A
high and very high positive correlations between measurements
in step and floor counts were observed, respectively. The level
of agreement was good for number of steps taken per day and
excellent for floor count. The MdAPE was less than 20% for
step count and zero for floor count.
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Table 3. Correlation, agreement, and error in measurements of steps (ActiGraph vs Fitbit) and floors (observation vs Fitbit).
Measurement characteristics

Daily stepsa (n=32)

Floor countb (n=40)

Setting

7 days, free-living conditions

6 floors, research setting

Number of valid data pairs

215

40

Number of valid data pairs provided by each participant, mean (SD)

6.7 (0.58)

4 (0)

ActiGraph or observation

9503 (6392-12,479)d

6 (6-6)

Fitbit-measured

11,148 (8186-14,493)

6 (6-6)

1398 (643-2720)

0 (0-0)

Spearman correlation (ρ)

0.89e

0.98e

Intraclass correlationf (95% CI)

0.81 (0.45 to 0.91)e

0.96 (0.95 to 0.97)e

Median absolute percent error, median (25th-75th percentile)

17.13 (7.80-30.29)

0 (0-0)

c

Measurements output, median (25th-75th percentile)

Difference in measurements, median (25th-75th percentile)
Fitbit vs ActiGraph or observation

a

Daily steps were presented as the number of steps taken per day.

b

One floor count is equivalent to 10 ft upward vertical displacement (presented as the number of floor).

c

Valid data pairs referred to valid data points provided by both ActiGraph and Fitbit.

d

ActiGraph-measured steps (presented as the number of steps taken per day).

e

P<.001.

f

Intraclass correlation derived using 2-way mixed effects model for absolute agreement.

Wearable Use During the Study Period
The proportion of valid users over the 40-day study period
within each group is described in Figure 3. At baseline, the
proportion of valid users was somewhat higher among the
controls; however, it decreased over time. On the contrary, the
proportion of valid users in the intervention group was lower
at baseline, but it increased after the introduction of the first
team challenge and remained largely consistent throughout the

study period. Over the 40 days of observation, the intervention
group participants demonstrated a higher level of Fitbit use
adherence. All intervention participants (11/11) were classified
as valid in 18 of 40 days, whereas all control group participants
(13/13) were valid participants in only 5 of 40 days (RR 3.6,
95% CI 1.5 to 9.1; P=.003). There was also a significant
difference in the mean proportion of valid users between
intervention and control groups (0.92 vs 0.83; P<.001).

Figure 3. Proportion of valid users (intervention, n=11; and control, n=13) over study phases.
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Effects of the intervention
Table 4 presents the effects of the intervention on the average
number of steps taken per day or number of floors (10 ft)
climbed per day at the ending phase after adjusting for baseline
PA variables, age, and gender. On average, the intervention
group achieved 15.9% higher average number of steps taken
per day (95% CI −8.9 to 47.6; P=.21) and 39.4% higher average
number of floors (10 ft) climbed per day (95% CI 2.4 to 89.7;
P=.04) than the control group at the ending phase.
Figure 4 depicts the average number of steps taken per day
(upper panel) and number of floors (10 ft) climbed per day
(lower panel) of the intervention period according to allocated

group. The GEE results (Table 5) indicated that, on the one
hand, there was no significant interaction effect between group
status and intervention week with regard to average number of
steps taken per day. Hence, the weekly intervention effect was
similar across all 6 weeks (percentage change 9%; 95% CI −7.3
to 28.1; P=.30). On the other hand, a significant interaction
between group status and intervention week (P<.001) was
observed with regard to the average number of floors (10 ft)
climbed per day. The percent change in the intervention group
was significantly higher (percentage change 78.5%; 95% CI
20.8 to 163.8; P=.004) at week 5 (ie, the second stair climbing
challenge) when compared with the control group.

Table 4. Average stepping and stair climbing activity of completers (n=24) as well as their intervention effect (percentage change).
Type of physical activity

Physical activity level by group, median (25th-75th percentile)

Intervention effect, (with respect to the control group)

Intervention group (n=11)

Percentage changea, (95% CI)

P value

15.9 (−8.9 to 47.6)

.21

39.4 (2.4 to 89.7)

.04

Control group (n=13)

Stepping activity (average number of steps taken per day)
Baseline

10,579 (8375-11,314)

10,207 (7745-12,345)

Ending phase

8797 (8124-13,181)

8881 (7828-10,375)

Stair climbing activity (average number of floors [10 ft] climbed per day)

a

Baseline

11.8 (8.5-21.5)

14.8 (10.2-29.2)

Ending phase

13.6 (9.9-23.3)

13.4 (10.3-14.4)

Multiple linear regressions adjusted for its baseline physical activity, age, and gender.

https://mhealth.jmir.org/2020/2/e12665

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12665 | p.158
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Liew et al

Figure 4. Average number of steps taken per day or number of floors (10 ft) climbed per day at baseline and across the 6-week intervention period.

Table 5. Generalized estimating equation results for the average number of steps taken per day or number of floors (10 ft) climbed per day across each
week during the 6-week intervention.
Physical activity

Intervention effect (with respect to the control group)
Percentage changea

95% CI

P valueb

9.0

−7.3 to 28.1

.30

Week 1 (steps)

−6.3

−35.5 to 36.2

.73

Week 2 (stairs)

18.2

−15.1 to 64.5

.32

Week 3 (steps+stairs)

24.9

−20.4 to 95.8

.33

Week 4 (step)

15.1

−23.5 to 73.2

.50

Week 5 (stairs)

78.5

20.8 to 163.8

.004

Week 6 (steps+stairs)

25.3

−8.3 to 71.1

.16

Stepping activity (weekly average number of steps taken per day)
Weekly challenge
Common effect across all weeks
Stair climbing activity (weekly average number of floors climbed per day)
Weekly challenge

a

Generalized estimating equation: (family: Gaussian; link: identity) analyses adjusted for its baseline physical activity, age, and gender.

b

The interaction term (Group x week) has a P value of 0.12 and <.001 for stepping and stair climbing activities, respectively
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Discussion
Principal Findings
This study describes the development of an mHealth-based team
challenge intervention, including the validation of the integrated
wearables with regard to the 2 main PA outcome measures:
stepping and stair climbing activities. It also provides initial
results from a controlled pilot trial on the feasibility and
effectiveness of this real-time team challenge intervention when
implemented among students and staff of a public university in
Singapore. Findings from this study could inform large-scale
mHealth strategies, such as the Singapore National Steps
Challenge [47], on the potential integration of the team-based
model and the focus on stair climbing in addition to stepping
activities.
In summary, the validation study demonstrated that the Fitbit
trackers provided acceptable validity in estimating daily step
count and floor count, although the trackers overestimated step
count in absolute terms. The controlled pilot trial demonstrated
that the multicomponent mHealth technology suite designed to
deliver real-time interventions was feasible. About 60% of the
participants continued using the system and provided valid data
for evaluation. Higher adherence was observed in the
intervention group, and the team challenges resulted in more
PA, especially stair climbing, when compared with the control
group.
Considering the rapid innovations and adoption of consumer
wearables and smartphone apps in monitoring PA behaviors,
these mobile technologies require formal assessments to
strengthen scientific basis and justify their application in
measuring PA outcomes, such as the number of steps and flights
of stairs. In terms of stepping activity under free-living
conditions, we observed a high positive correlation and good
agreement between the consumer wearables and a validated
research grade accelerometer [48]. Consistent with a study that
had systematically reviewed the accuracy of various Fitbit
models, the Fitbit trackers used in this study demonstrated a
similar tendency of overestimating daily steps and generated a
measurement error of more than 10% [38]. In contrast, the
review did not identify any study that has investigated the
validity of Fitbit trackers on measuring stair climbing. Our study
found a very high, positive correlation and excellent agreement
between Fitbit-measured floor count and direct observation.
This finding adds to the current literature that these consumer
wearables accurately estimate stair climbing activities, offering
additional value in PA continuous monitoring beyond stepping.
Stepping, a form of PA that often occurs at a lower intensity,
has been a common target of mHealth interventions. However,
fewer mHealth interventions using continuous monitoring via
wearables or smartphones have investigated the potential of
integrating higher intensity PA (ie, MVPA) into health
promotion efforts. Stair climbing is of higher intensity and can
be integrated into daily life [17]. Thus, it could be an efficient
way to incorporate MVPA into daily routines, which has shown
to result in improved cardiorespiratory fitness and health [18,19].
In view of the potential health benefits and the scarcity of the
available evidence, our study investigated the feasibility of using
https://mhealth.jmir.org/2020/2/e12665

XSL• FO
RenderX

Liew et al
consumer wearables to continuously monitor and promote stair
climbing. This study extended the use of static point-of-decision
prompts [20] and introduced stair climbing challenges in
addition to the more commonly targeted stepping activities.
Despite the convenience of engaging in stepping and stair
climbing and the almost effortless and low-cost use of wearables
for monitoring such activities, it may not necessarily translate
to regular use of these devices anywhere and anytime. Our study
revealed that only 60% of participants continued using the
trackers, and not all participants contributed valid PA data every
day across the 40-day observation period. Although the
proportion of valid participants in the control group declined
over time, the intervention group demonstrated higher adherence
to the use of the trackers, leading to more PA compared with
the control group. In terms of stepping, although not significant,
the controlled pilot trial suggested greater activity levels in the
intervention group. These differences were mainly explained
by a decline in stepping among the control group participants,
whereas a small proportion of the intervention participants kept
or slightly increased their average stepping level over time.
After accounting for the correlation between repeated
measurements, no significant increase in stepping with respect
to weekly challenges was observed. The findings possibly reflect
that the provision of self-monitoring alone through the use of
wearables may not be sufficient to sustain participants’ interest
in PA. A systematic review has suggested that an increase in
step count was predicted by behavioral change strategy, such
as setting a step goal of 10,000 steps per day beyond just using
the wearables [15]. A large-scale factorial randomized controlled
trial conducted in Singapore further demonstrated that the use
of wearables declined over time and that long-term financial
incentives may be needed [49]. Our study provides some initial
evidence that a simple, low-cost, and easy to implement team
challenge intervention may hold some merits in promoting
adherence to the use of wearables. In terms of stair climbing,
we observed statistically significant increases in the use of stairs
in the intervention group, especially during the second stair
climbing challenge. This phenomenon could be partly explained
by the fact that climbing stairs may have been seen as a less
familiar health promotion target at the time of our study since
strategies to promote PA via wearables and smartphones have
traditionally focused on stepping goals [15,16]. When the
intervention participants were exposed to the stair climbing
challenges, they may have gradually become more receptive to
the idea, considering the availability of many high-rise buildings
and staircases in Singapore. Although we found some positive
intervention effects through our use of nonregistered teams, we
also recognize that the effects of the team-based intervention
might have been different if the team members were friends or
family members. Cohesion within each team will likely affect
adherence to the intervention and shift the PA profile over time.
Moreover, differences across the competing teams will likely
be attributed to a complex interplay of social and environmental
factors in real-life settings that need to be measured and
accounted for in future evaluations. Furthermore, the dosage
and timing of interventions delivered in real time require careful
consideration. One study suggested that optimizing the number
of challenges and feedback messages would potentially improve
the engagement and adherence of participants [50]. It is
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important to ensure that concise messages are presented to
targeted users at the right time to minimize cognitive overload
[51]. However, in our study, the effects of the number and
timing of messages on PA maintenance were not assessed.
Future studies are warranted to investigate this question.
In order to deliver effective promotion and monitoring of PA
in free-living conditions, delivering meaningful BCTs becomes
important. Systematic reviews have identified effective BCTs
for health promotion. For instance, self-monitoring, feedback,
and goal setting are among the most frequently used BCTs along
with the use of commercial wearables in various mHealth
strategies [25,50]. Recent studies suggested that strategies based
on these BCTs reduced time spent in sedentary behavior [25]
and were associated with greater intervention effectiveness for
modifying PA and diet behaviors [52]. In addition, increases in
intrinsic and extrinsic motivation through the use of reward
systems, prompts, and cues have been reported to lead to a more
regular use of wearable devices, as well as better adherence and
self-management of chronic conditions [50]. Recognizing the
growing capabilities of mobile technologies, there are
opportunities to perform real-time behavioral assessments and
facilitate timely support adapting to individuals’ dynamic
behavioral states. A recent systematic review suggested that
just-in-time feedback that was goal oriented, actionable, and
continuously available significantly improved health behavior
[53]. Tailored feedback on users’ current performance [54,55],
gamified feedback, such as a leaderboard [31], and user
engagement strategies, such as virtual rewards, social
connectivity, and adaptive goal setting, have also been found
promising in the promotion of PA [56,57]. In addition, studies
have also demonstrated an increase in PA levels among the
participants who received social incentives compared with
participants who exercised alone and performed PA in social
settings, such as teamwork and cooperation, compared with
competition [58]. In spite of these various promising applications
of BCTs in the context of promoting PA in free-living
conditions, the potential of technology-enabled, real-time
strategies has not been extensively explored [59]. Leveraging
selected important BCTs, our study attempted to promote PA
in real time through establishing a supportive team-based
environment and incorporating feedback, social comparison,
reward systems, and cues in addition to self-monitoring.
Consistent with the current literature, BCTs may have led to
positive stair climbing outcomes favoring the intervention group
in our study. Although various BCTs hold potential for
improving PA, individual BCTs remain largely underexplored,
and it is unclear what combination of BCTs in mHealth
interventions may lead to meaningful outcomes [25,60].
This study comprehensively describes the development and
initial evaluation of a real-time mHealth team challenge
intervention. Our findings suggest that the implementation of
the team challenges using an mHealth suite is feasible. First,
consumer wearables are readily available to provide a valid
estimation of daily stepping and stair climbing activities.
Second, mobile internet network connectivity in Singapore
enables continuous and real-time monitoring of PA behaviors
and allows delivery of in-time feedback about individual and
team PA performance. Third, the nonregistering team–based
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approach adopted in the study helped to eliminate biases related
to self-selection into competing teams and demonstrated some
improvements in adherence to wearable use and activity levels
over time. Fourth, the existing built environment in Singapore
and many other metropolitan areas in Asia present opportunities
for promoting stair climbing as an additional intervention target
beyond traditional stepping-based targets. As such, stair
climbing could be readily incorporated into health promotion
programs as an effort to promote PA of higher intensity targeting
the general adult population. However, we noted that the
implementation of such mHealth strategies requires careful
considerations. For instance, technical challenges, limited
resources for the development or updating of study apps, and
variability in smartphone settings prevented installation of the
apps’ final version on a larger proportion of participants' phones
in our study.

Strengths and Limitations
This study demonstrated several strengths. First, we validated
the wearables for stepping in free-living conditions and also
investigated their validity in measuring stair climbing, which
has not been studied based on our knowledge. Second, the
inference about the effects of the intervention was established
from a controlled study design. Third, the wearables were
feasible for continuously collecting data on daily stepping and
stair climbing activities. However, we also acknowledge several
limitations. First, this is an exploratory feasibility study
conducted in a single public university, mainly enrolling young
to middle-aged educated adults. Thus, the findings have limited
generalizability. Second, the intervention duration was short,
and future studies will need to investigate long-term outcomes.
Third, because of technical challenges in delivering the
intervention via participants’ iPhones and a small number of
Android phones, we were not able to implement a randomized
controlled trial but instead decided to allocate all iPhone users
and the affected Android users to the control group. Although
this decision may have led to differences between the
intervention and control groups, the characteristics of the 2
groups were mostly comparable, and the differences at baseline
were adjusted for during the analyses. This circumstance did
not reflect the technology affinity of study participants in each
group because our study team supported all participants in the
installation process. Fourth, we did not collect information on
participants’ motivation and users’ experience in relation to
mHealth technology, but considering participants’ interest to
voluntarily enroll in this study, we assume that the groups’
motivation was comparable. Finally, 40% of recruited
participants did not provide valid data for the feasibility study
in phase 2. The relatively large dropout rate of participants due
to insufficient data hampered the assessment of the
intervention’s effectiveness. In this study, we deliberately chose
to integrate consumer wearables to monitor study outcomes
instead of the more common use of questionnaires or
research-grade accelerometers for a few main reasons. For
example, validated consumer wearables would likely provide
more objective and accurate estimates of stepping and stair
climbing than the typical PA questionnaires. These devices also
enabled us to monitor outcomes over the entire intervention
phase instead of the usual 4 to 7 days of monitoring that is
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12665 | p.161
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typically the case when using accelerometers. Moreover, using
these mobile technologies allowed us to test a less
resource-intensive approach to data collection that could be
applied in large-scale population health initiatives.

Conclusions
The consumer wearables integrated into our mHealth suite
provided acceptable validity in estimating stepping and stair

Liew et al
climbing activities. The mHealth suite was feasible for
implementing real-time team challenge interventions. Compared
with the controls, the intervention participants performed more
stair climbing, which could be introduced as an additional PA
promotion target in the context of future mHealth strategies.
Methodologically rigorous studies with larger sample size and
long-term follow-up are warranted to strengthen this study's
findings.
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Abstract
Background: Adequate levels of physical activity (PA) and good cardiorespiratory fitness (CRF) are associated with profound
health benefits for individuals with mobility disability (MD). Despite the vast amount of research published in the field of PA
interventions, little attention has been given to individuals with MD.
Objective: The aim of this study was to examine the efficacy of an app-based versus a supervised exercise and health coaching
program to support adults with MD to increase levels of PA, CRF, and improve body composition.
Methods: Participants with self-perceived MD, aged 18 to 45 years, were included in this 12-week parallel-group randomized
controlled trial and allocated at random to an app-based intervention, using commercially available apps—the Swedish Military
training app (FMTK), the Acupedo walking app, and the LogMyFood food photography app—or a supervised exercise and health
coaching intervention, including 1 weekly supervised exercise session and healthy lifestyle coaching. The primary outcome was
the level of moderate-to-vigorous PA (MVPA) measured with accelerometers. Secondary outcomes included CRF measured by
a submaximal test performed on a stationary bicycle and body composition measured by bioelectrical impedance. All outcomes
were measured at baseline, 6 weeks, and 12 weeks. Linear mixed-effect models were used to assess the between-group differences,
as well as the within-group changes through time, in each intervention group.
Results: A total of 110 participants with MD were randomized to an app-based intervention (n=55) or a supervised exercise
and health intervention (n=55). The mean age of participants was 34.9 years (SD 6.1), and 81.8% (90/110) of the participants
were women. CRF showed a moderate increase in both groups after 12 weeks—1.07 (95% CI –0.14 to 2.27) mL/kg/min increase
in the app-based group and 1.76 (95% CI 0.70 to 2.83) mLkg/min increase in the supervised exercise group. However, the
intention-to-treat analysis showed no significant differences between the groups in MVPA or CRF after 12 weeks. Waist
circumference was significantly lower in the app-based intervention group.
Conclusions: Commercially available apps increased levels of CRF and improved body composition over 12 weeks to the same
extent as supervised exercise sessions, showing that both are equally effective. However, neither the app-based intervention nor
the supervised exercise intervention increased MVPA.
Trial Registration:
International Standard Randomized Controlled Trial Number (ISRCTN): 22387524;
http://isrctn.com/ISRCTN22387524.
(JMIR Mhealth Uhealth 2020;8(2):e14615) doi:10.2196/14615
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Introduction
Background
In Sweden, approximately 23% of the population, between 16
and 84 years of age, reports some kind of disability, whereas
8% of the population suffers from mobility disability (MD),
limiting their participation in society and ability to work.
Health-related and social welfare costs for individuals with
disabilities are the fastest growing expenditure by municipality
in Sweden, and this represents 1.6% of the Swedish gross
domestic product [1]. Often, individuals with MD suffer from
social and health inequalities related to their condition, such as
impaired access to health care services or social programs, lower
employment rates, and higher risk of chronic diseases [2-4].
Although there are many known health benefits of physical
activity (PA) and cardiorespiratory fitness (CRF), such as
reduced risk for cardiovascular disease and improvement in
markers of metabolic health [5,6], young adults with MD are
less likely to engage in PA compared with their able-bodied
peers [7,8]. In addition, obesity has been shown to be both a
risk factor and a consequence of MD [9,10], and observational
studies have shown that individuals with MD are not only more
likely to suffer from obesity, but they are also more likely to be
negatively impacted by its consequences [10].
Despite the vast amount of research published in the field of
PA interventions over the past decades, little attention has been
given to interventions aiming to increase PA and CRF among
individuals with MD. Nevertheless, interventions focusing on
PA and CRF for those with MD may be of particular importance,
as there is evidence indicating that PA and CRF can confer
additional health benefits for people with MD compared with
the general population [11]. Additional evidence for the
importance of high CRF in young adulthood comes from a
recent prospective study, showing that higher CRF in young
adulthood is associated with lower risk for receipt of a disability
pension (from, eg, musculoskeletal causes) later in life, in a
dose-response manner across all BMI categories [12]. To date,
PA interventions targeting individuals with MD are limited to
labor-intense supervised health programs targeting the elderly
[13].
The few existing studies on PA and MD indicate that motivation
for PA is high among individuals with MD and that barriers to
PA engagement primarily include accessibility to tailored PA
and a lack of knowledge on how to engage in PA [7,14].
Moreover, there is evidence that autonomy, goal setting,
surveillance, support, and feedback are important factors for
improving and maintaining healthy levels of PA in young adults
with MD [14]. Consequently, factors beyond health benefits
may be important to target when intervening on levels of PA
and CRF in individuals with MD. Given that many people have
busy lifestyles but still value access to health behavior programs
that provide advice, information, feedback, and self-monitoring
around the clock, app-based programs may be an attractive
approach [15]. A recent meta-analysis showed modest evidence
https://mhealth.jmir.org/2020/2/e14615
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for effectiveness of smartphone apps to increase PA in the short
term (up to 3 months) [16]. However, there is an inconsistency
in the literature on the effects from multicomponent versus
app-based PA interventions on health outcomes [17]. A
preventive app-based PA intervention targeting individuals with
MD has the potential to improve levels of PA, CRF, and the
general health in this vulnerable group, to avert the progression
to more severe disabilities and comorbidities and to thus reduce
social and health care inequalities.

Objectives
The aim of this randomized controlled trial (RCT) was to
evaluate the effects of commercially available apps compared
with a supervised exercise and health program on levels of PA
(primary outcome), CRF, and body composition.

Methods
Trial Design
The parallel-group RCT study presented in this paper was
designed to examine the effects of an app-based program
compared with a supervised exercise and health program on
levels of PA. Secondary outcomes included CRF and body
composition. The trial has been approved by the Ethical Review
Board Stockholm (Dnr: 2017/1206-31/1) and registered in the
ISRCTN registry (registration number: ISRCTN22387524)
[18]. A detailed description of this trial has been published
previously [19].

Participants
Participants were recruited from rehabilitation and primary care
centers and from occupational health care within the Stockholm
(Sweden) area. Recruitment started in May 2018, and the last
12-week measurements were finished in December 2018. All
participants gave written consent before entering the trial. The
eligibility criteria comprised the following: both sexes aged 18
to 45 years, who reported having experienced any
mobility-related problems affecting their everyday life, for
example, problems with dressing, performing household tasks,
at transportation, personal hygiene tasks, or at work in the past
3 years before enrollment in the trial. Participants who were
bound to a wheelchair or whose medical condition prevented
them from moderate-intensity walking, as well as people unable
to speak and read Swedish or who did not have access to a
smartphone, were excluded.

Randomization
Group assignment was randomly generated, after the baseline
measurements, via a block randomization procedure (in blocks
of 2 to ensure an equal distribution of participants between the
2 treatment groups), using the SAS Proc Plan (SAS Institute
Inc).

Blinding
This was an investigator-blinded study. The nature of the
activities in the groups made blinding the participants
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unmanageable. The assessment staff members were blinded to
the intervention and remained separate from the intervention
team. Participants were asked not to disclose their assigned
group during the assessments.

Interventions
The treatment arms in the trial were designed with an intrinsic
motivation strategy behavior change theory framework [20] to
support participants to perform sustained changes in
moderate-to-vigorous PA (MVPA) and CRF.

The App-Based Program
The app-based program was a 12-week walking and exercise
program, delivered via commercially available smartphone apps,
aiming to engage participants in at least 30 min of daily MVPA.
Apps used were the Acupedo walking app, with inbuilt goal
setting and feedback options, an individually tailored
home-based bodyweight exercise app developed by the Swedish
Military (FMTK), and the LogMyFood food photography app.
Both the Acupedo and the FMTK apps encourage PA that can
be detected as MVPA by hip-worn accelerometers. The
intervention further included 3 face-to-face consultations, in
groups of approximately 20 participants, where information on
how to use the apps (session 1 at baseline), goal settings (session
2 at 6 weeks), and motivation to continue exercise (session 3
at 12 weeks) were discussed. At the 12-week follow-up,
participants reported how often they had used the apps
throughout the intervention (intervention adherence).

The Supervised Health Program
The supervised health program was based on the transtheoretical
and sociocognitive models of behavior change [21]. It was a
12-week standard care exercise and health coaching program,
delivered by health educators and personal trainers, including
1 weekly exercise session supervised by a personal trainer, with
aerobic and strength exercises (a total of 12 sessions) and 3
meetings (baseline, week 6 and 12) with a health
educator/dietitian. The personal meetings were based on a
behavior change model with 4 core behavior change techniques
(mobilizing social support for change, developing self-efficacy,
goal setting, and self-monitoring), which are known to be
effective in supporting individuals to improve healthy activity
and dietary behaviors [22]. Dietary advice given to the
participants followed the 4-step Step-wise Weight-determined
Accumulative change Plan model [23].
PA goals and exercise programs were individualized and
modified in response to baseline levels of CRF (VO2max),
illness, injury, or physical symptoms, in collaboration with the
personal trainer. Each personal trainer session also included a
short (5-10 min) motivation/feedback part. Participants were
moreover encouraged to have an active lifestyle with at least 2
more weekly nonsupervised exercise sessions and to engage in
a minimum of 30 min of daily MVPA.

Measurements
Measures on all outcomes were taken at baseline (week 0),
midpoint (week 6), and at the end of the intervention (week 12).
A Web-based survey was used to collect all questionnaire data.
In addition to all outcome measures, the baseline assessment
https://mhealth.jmir.org/2020/2/e14615
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further included self-reported demographic and contact
information, medical history, and living habits.

Primary Outcome
The primary outcome, between-group differences in minutes
spent in MVPA per day at 12 weeks, was measured objectively,
using Actigraph GT3X+ accelerometers, worn on the hip during
all waking hours, for 7 consecutive days at each assessment.
Sedentary time and light PA (LPA) were also measured by the
accelerometer. Management and analyses of PA data followed
best-practice and research recommendations [24]. Valid
measurements included ≥10 hours wear time per day for ≥4
days. Vector magnitude (√X2+Y2+Z2) was analyzed and
recorded in 10-second epochs, converted to counts per minute
(cpm). Wear time and classification of bouts were computed
using ActiLife v.6.13.3, using an algorithm by Choi et al [25],
and nonwear time was classified as nonzero counts for at least
60 min, with a maximum break of 2 min. We classified MVPA
as more than 3208 cpm [26].

Secondary Outcomes
Cardiorespiratory Fitness
CRF was measured via a submaximal VO2max test, performed
on a stationary bicycle, according to the Ekblom-Bak cycle
ergometer test [27], and presented in relative numbers as
mL/kg/min.

Body Composition
Fat mass (kg) and fat-free mass (kg) were assessed via
bioelectrical impedance [28], using an Omron model
HBF-511B-E/HBF-511T-E. The physical tests further included
height, weight, and waist circumference, measured by validated
instruments, with the participants wearing light clothes to the
nearest 0.1 kg and 0.5 cm, respectively.

Power Calculation
Power calculations for the primary outcome, between-group
differences in minutes spent in MVPA per day at 12 weeks,
were based on a 2-sided log-rank test at the 5% significance
level. Under these assumptions, randomization of 80 individuals
(40 individuals per group) provides 80% power to detect a
between-group difference of 10 min of daily MVPA.

Statistical Analyses
Participant’s baseline clinical and demographic characteristics
are presented in Table 1, using frequencies and percentages for
binary variables and mean and SD for continuous data.
Linear mixed-effect models (LMM) with a random intercept
were fitted to estimate the between- and within-group
differences for the main and secondary outcomes using time,
group allocation, and their interaction as explanatory variables,
adjusting for sex, and baseline VO2max and BMI values as
possible confounders in all models. Correlations because of
paired data were modeled using an unstructured covariance
matrix. To estimate the pairwise changes in each of the groups,
correction for multiple tests was performed using the Bonferroni
method.
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Table 1. Baseline characteristics of the participants by randomization group.
Characteristics

App group (n=55)

Supervised exercise group (n=55)

Age (years), mean (SD)

35.6 (6.2)

34.5 (6.5)

Women, n (%)

47 (85)

43 (78)

Daily smoking

3 (5)

2 (3)

Smoking occasionally

11 (20)

5 (9)

Elementary school

3 (5)

2 (3)

High school

12 (21)

14 (25)

University

37 (67)

36 (65)

48.4 (23.3)

40.3 (20.6)

36.0 (7.9)

35.3 (8.7)

Weight, kg

77.6 (20.4)

77.7 (17.3)

Height, cm

171.8 (9.4)

171.0 (9.3)

BMI, kg/m2

26.3 (5.7)

27.2 (5.2)

Fat mass, kg

27.1 (12.5)

28.3 (11.9)

Fat-free mass, kg

49.1 (8.4)

51.4 (10.6)

Waist circumference, cm

86.9 (18.3)

84.6 (11.7)

Smoking, n (%)

Education, n (%)

Moderate-to-vigorous physical activity (min/day), mean (SD)
Cardiorespiratory fitness, mean (SD)
VO2max, mL/kg/min
Body measures, mean (SD)

No imputation of missing data was performed, and the
mechanism of missing data is assumed to be at random, that is,
missing data are not dependent on unobserved confounders.
Given that LMM uses all the available information at baseline
to calculate individual effects, estimations are also made for
those lost to follow-up [29].

mixed-effects model (time × group interactions) to explore the
differences in MVPA and CRF at each time point between the
groups. Change variables were created for between-group
comparisons on changes in the primary and secondary outcomes
from baseline to 6 and 12 weeks, respectively. All statistical
analyses were performed using Stata/IC 15.1.

For the primary analysis, intention-to-treat analysis was
conducted [19], on individuals according to group randomization
[30]. We also ran per-protocol analyses, including those in the
app group, who used the apps ≥5 days per week, and those in
the supervised exercise group, who attended ≥10 exercise
sessions. Further sensitivity analyses included comparisons of
baseline characteristics of participants lost to follow-up by
randomization group and by dropouts.

Consent for Publication

All statistical tests were calculated using a 2-tailed .05
significance level.

A participant flow diagram is shown in Figure 1. In total, 171
individuals were assessed for eligibility, of whom 61 were
excluded because of being bound to a walker or wheelchair
(n=12), having any medical condition not permitting
moderate-intensity walking (n=22), not having access to a
smartphone (n=18), or other reasons (n=10).

BMI was calculated as weight (kg)/height (m)2. For MVPA and
CRF, within- and between-group trajectories (from baseline to
week 6 and 12) were calculated from a repeated measure
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Published data will not contain any personal identification
numbers. Thus, no single individual participating in the trial
can be identified by published results.

Results
Study Participants
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Figure 1. Flow chart according to Consolidated Standards for Reporting of Trials. eHealth: electronic health.

Intervention Adherence
A total of 36% (20/55) participants in the app group used the
apps daily, 31% (17/55) for 5 to 6 days/week, 14% (8/55) for
3 to 4 days/week, and 19% (10/55) for less than 3 times/week.
In the supervised exercise group, 45% (25/55) of the participants
attended all 12 personal trainer exercise sessions, 29% (16/55)
attended 11 exercise sessions, 7% (4/55) attended 10 exercise
sessions, and the remaining 19% (10/55) attended 4 to 9 exercise
sessions.

Participant’s Baseline Characteristics
Baseline characteristics of the participants by randomization
group are shown in Table 1. No differences were found between
the groups with regard to baseline characteristics. A majority
of the participants met the daily recommended minimal PA
guideline of ≥150 min of MVPA/week [31]. Accelerometer
wear time did not differ between the groups, 14.5 (SD 1.3) h/day
and 14.1 (SD 1.1) h/day in the app and supervised exercise
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group, respectively. All the included participants reported
mobility-related problems affecting their everyday life, and
88.2% of the participants reported a chronic illness defined as
“problems causing work ability to be impaired or hindering
other daily lives pursuits.”

Between-Group Differences at 6 and 12 weeks
Between-group differences at 6 and 12 weeks in the primary
outcome (MVPA) and secondary outcomes are shown in Figures
2 and 3 and in Table 2. No significant differences, except for
waist circumference, were found between the groups for any of
the outcomes at 12 weeks. Accelerometer wear time did not
differ between the groups at 6 weeks—14.3 (SD 1.5) h/day and
14.4 (SD 1.4) h/day in the app and supervised exercise group,
respectively—and 12 weeks—14.6 (SD 1.5) h/day and 14.5
(SD 1.4) h/day in the app and supervised exercise group,
respectively. A total of 90% (41/45) and 92% (46/50) of
participants in the app and supervised exercise group,
respectively, met the PA recommendations at 12 weeks.
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Figure 2. Levels of moderate-to-vigorous physical activity at each time point between the groups. Adjusted for sex, BMI, and maximal oxygen uptake
(VO2max). MVPA: moderate-to-vigorous physical activity.

Figure 3. Levels of cardiorespiratory fitness (VO2max) at each time point between the groups. Adjusted for sex, BMI, and VO2max. MVPA:
moderate-to-vigorous physical activity. VO2max: maximal oxygen uptake.
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Table 2. Results of the intention-to-treat analysis. Mean difference of primary and secondary outcomes between the app group and the supervised
exercise group, as well as within each treatment group (adjusted for sex, body mass index, and VO2max; pairwise comparisons are adjusted using
Bonferroni correction).
Outcomes

Between-group differ-

Within-group differences

a

ences , beta coefficient,
Δ (0 to 12 weeks)
App group

a

Supervised exercise group

Beta coefficient, Δ
(0 to 6 weeks)

Beta coefficient, Δ (0
to 12 weeks)

Moderate-to-vigorous physi- –5.71 (–12.91 to 1.47)
cal activity, min/day

–2.25 (–10.40 to
5.90)

–6.17 (–14.28 to 1.95) 6.60 (–0.74 to 13.90) 1.37 (–6.06 to 8.81)

VO2max, mL/kg/min

–0.53 (–2.40 to 1.34)

1.32 (0.13 to 2.52) b 1.07 (–0.14 to 2.27)

1.00 (–0.07 to 2.07)

1.76 (0.70 to 2.83) c

Weight, kg

–2.17 (–4.75 to 0.42)

0.15 (–0.35 to 0.66)

0.28 (–0.17 to 0.72)

–0.02 (–0.49 to 0.45)

BMI, kg/m2

0.86 (–1.02 to 2.73)

–0.09 (–0.43 to 0.27) –0.19 (–0.54 to 0.16)

Fat mass, kg

–0.86 (–2.00 to 0.28)

–0.01 (–0.90 to 0.92) 0.20 (–0.72 to 1.20)

0.32 (–0.50 to 1.13)

Fat-free mass, kg

–0.34 (–2.67 to 1.99)

0.77 (–0.65 to 2.19)

–0.08 (–1.35 to 1.20) –1.24 (–2.54 to 0.06)

Waist circumference, cm

–4.27 (–7.78 to –0.76)b

–0.16 (–1.90 to 1.57) –0.75 (–2.49 to 0.99)

–0.03 (–0.53 to 0.47)

Beta coefficient, Δ
(0 to 6 weeks)

Beta coefficient, Δ (0
to 12 weeks)

–0.16 (–0.46 to 0.15) –0.40 (–0.72
to–0.07)d

0.52 (–0.93 to 1.96)

1.10 (–0.44 to 2.64)

0.92 (0.09 to 1.75) b

–0.76 (–2.34 to 0.82)

Reference: supervised exercise group.

b

P<.05.

c

P<.001.

d

P<.01.

For the main outcome of MVPA, there was a nonsignificant
reduction after 12 weeks of intervention, and no significant
difference between the groups was observed. With respect to
the secondary outcomes, there was a significant increase in CRF
in both groups, but no significant difference between the
treatment groups.

Changes in Outcomes From Baseline to 6 and 12 Weeks
Within the Groups
Pairwise comparison of the changes in primary and secondary
outcomes at 6 weeks and 12 weeks by randomization group are
shown in Table 2. Participants in the supervised exercise group
increased their levels of MVPA by 8%, whereas participants in
the app group decreased their MVPA by 9%. VO2max increased
significantly, from baseline to 12 weeks, in both groups, 4% in
the app group and 7% in the supervised exercise group. In the
app group, 33 (33/38, 87%) participants met the PA
recommendations at both baseline and 12 weeks, 2 (2/38, 5%)
participants went from not meeting to meeting the PA
recommendations, and 3 (3/38, 8%) participants went from
meeting to not meeting the PA recommendations. In the
supervised exercise group, 42 (42/50, 84%) participants met
the PA recommendations at both baseline and 12 weeks, 6 (6/50,
12%) participants went from not meeting to meeting the PA
recommendations, and 2 (2/50, 4%) participants went from
meeting to not meeting the PA recommendations. Both groups
showed decreases in weight and waist circumference from
baseline to 12 weeks. However, only participants in the app
group decreased their fat-free mass from baseline to 12 weeks.
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Per-Protocol Analyses
Per-protocol analyses included those in the app group, who used
the apps ≥5 days per week (20/39, 51%), and those in the
supervised exercise group, who attended ≥10 exercise sessions
(45/49, 92%). These analyses showed that those in the app group
had a significantly higher VO2max and lower BMI, waist
circumference, and fat-mass compared with those in the
supervised exercise group at 6 and 12 weeks. However,
participants in the app group did not show any significant
improvements from baseline to 6 and 12 weeks for any of the
measured variables (Multimedia Appendix 1).

Sensitivity Analyses
Between-group differences from baseline to 12 weeks in the
primary and secondary outcomes, including participants with
complete data at 12 weeks (n=39 for the app group and n=49
for the supervised exercise group), showed similar results as
the intention-to-treat analysis (Multimedia Appendix 1). There
were no between-group differences in baseline characteristics
of participants lost to follow-up by randomization group
(Multimedia Appendix 1) and by dropouts (Multimedia
Appendix 1).

Adverse Events
A total of 2 participants (1 in the app group and 1 in the
supervised exercise group) cancelled participation in the trial
because of illness. However, none of these illnesses were related
to the intervention.
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Discussion
Principal Findings
This single-centered RCT aimed to compare the effect of an
app-based program and supervised exercise and health program
among people with mild-to-moderate MD. We found a moderate
increase in CRF after 12 weeks of follow-up in both groups.
There was no significant difference between groups in our main
outcome, time spent in MVPA, nor in CRF measured by
VO2max or most measurements of body composition (weight,
BMI, fat mass, and fat-free mass). Participants randomized to
the app-based intervention had a significantly lower waist
circumference after 12 weeks of follow-up in the
intention-to-treat analysis. However, the per-protocol analysis
showed a significant difference in CRF and BMI between
groups. The app-based intervention group had a lower BMI and
higher CRF after 12 weeks of follow-up. Thus, a health program
using commercially available health apps is a feasible
intervention to improve health among people with
mild-to-moderate MD.

Comparison With Previous Work
Current systematic review data indicate that app-based
interventions to improve PA can be effective and that
multicomponent interventions appear to be more effective than
stand-alone app interventions [17]. However, there is a lack of
randomized trials, and most previous studies have included
older populations [32] or relied on self-reported measures of
PA [17]. The discrepancy between self-reported and objectively
measured PA is well established [33], and several app-based
PA intervention studies show substantial increases in
self-reported PA but not objectively (accelerometer) measured
PA [34,35]. This lack of uniformity, in combination with the
inaccuracy of self-reported data as a measure of PA, makes it
difficult to compare and summarize outcomes across PA
interventions.
PA interventions, using objective measures of PA, targeting
individuals with MD are scarce. The LIFE intervention
randomized 1635 sedentary 70- to 89-year-old men and women
with MD to an exercise program, with supervised exercise 2
times per week and home-based exercise 3 to 4 times per week,
or to a health educator program comprising workshops on topics
relevant to older adults [13]. Through 2 years of follow-up,
participants in the exercise group participated in an additional
40 min of light-intensity PA per week, assessed by
accelerometry, compared with the health educator group. The
between-group differences in self-reported PA were 104 min
per week. This discrepancy between self-reported and
objectively measured PA further highlights the importance to
incorporate objective measures when evaluating the
effectiveness of PA interventions [36]. Transferability of results
from the LIFE study to this study is limited for several reasons.
The LIFE study included an older population and did not assess
time in MVPA or CRF, which has shown stronger associations
to health outcomes in isotemporal substitution studies compared
with LPA [37].
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Meta-analysis data, including 12 RCTs, show that 3
aerobic/strength exercise sessions per week, for 30 to 60 min
per session, can increase VO2max by approximately 2.3
mL/kg/min [25]. Furthermore, supervised exercise 3 times per
week has shown to increase VO2max by approximately 6% over
12 weeks in adults [38]. This is somewhat comparable with the
2.5 mL/kg/min (7%) increase in VO2max seen in this study,
with only 1 supervised 60-min aerobic/strength exercise session
per week.

Implications
Although the changes in PA were inconclusive, the changes in
CRF (1.3 and 2.5 mL/min/kg increases in VO2max for the app
group and supervised exercise group, respectively) may translate
into substantial long-term health benefits. In fact, a 1 mL/min/kg
increase in VO2max is associated with a 9% relative risk
reduction of all-cause mortality (hazard ratio, 0.91; 95% CI 0.87
to 0.95) [39], which is a similar effect as a 10 cm reduction in
waist circumference or a 10 mm/Hg reduction in systolic blood
pressure [40]. Even though PA has effects on mortality
independent of CRF, the opposite also holds true [41]. This
further highlights the importance of the CRF improvements
seen in this study. In addition, both protocols reduced waist
circumference, fat mass, and BMI over 12 weeks, which are all
important markers of health.
At baseline, participants in both groups had a slightly higher
VO2max and were substantially more active (>80% of the
participants meeting the PA recommendations) compared with
the general Swedish population [42-44]. This may, to some
extent, explain why participants in both groups did not increase
PA over the intervention period. Moreover, as further discussed
in the Strengths and Limitations section, the high levels of PA
at baseline may limit generalizability of findings in this study
to the general population with MD [7].
The app intervention was designed to be simple for widespread
implementation in a variety of communities and settings, as it
requires no special equipment or previous exercise knowledge.
Although apps have the potential to increase the reach of health
behavior change interventions, our results mirror the recent
research showing that few individuals will use an offered app
consistently over time [45]. Surprisingly, those who used the
app ≥5 times/week did not show greater changes in any
measured variables, from baseline to 12 weeks, compared with
those who used the apps less frequently. Instead, the per-protocol
analyses showed that those who used the apps more frequently
had higher baseline levels of CRF and lower fat mass and BMI;
thus, there was less room for improvements.

Strengths and Limitations
A major strength of this study was the use of an RCT design to
determine the effect of the use of commercially available apps
compared with supervised exercise. Use of the apps during the
intervention was ad libitum and not closely monitored, which
reflects real-life app use, and contact with participants in the
app group was minimal to reflect a real-world context and
therefore increase generalizability. Furthermore, the primary
and secondary outcomes were measured with objective
measurements, in accordance with current recommendations
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for evaluating the effectiveness of PA interventions [36], which
further adds to the study’s internal validity. Unlike the high
attrition rate commonly observed in PA interventions, follow-up
assessments were completed for 80% of participants, which
represents a fairly high retention rate. As the study participants
were aware of the study when they performed the baseline
measurements of PA, it is most likely that they were more
physically active than usual, which limits the comparison of
baseline and outcome for PA measures. However, the CRF
measures are reliable from baseline.
Some limitations of this study should be acknowledged. First,
as participants were self-recruited from the community, they
may not be fully representative of all people with MD, as shown
by the high baseline levels of PA among the participants. Using
free apps, instead of paid apps, may have increased
contamination and/or cointerventions. There are also some
limitations regarding our data collection. The participants began
the intervention between December and May. Thus, changes in
weather condition might have affected the levels of PA.
However, there are data indicating that accelerometer-measured
levels of PA may not be significantly affected by seasonality
in populations living in high latitudes, such as Sweden [43]. In
addition, we considered all valid MVPA observations from
participants who provided 4 or more days of valid accelerometer
data without considering the difference between weekdays and
weekends. Both issues might introduce some bias in our analysis
which, assuming successful randomization, would underestimate
the effect of the intervention increasing the chance of type 2
error. Furthermore, the use of readily available apps precluded
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access to data on app utilization (we used self-reported data on
app use).
The higher dropout in the app group (n=16), compared with the
supervised exercise group (n=6), limited the statistical power
to detect between-group differences. The initial power
calculations were based on at least 40 participants, with
measures on the primary outcome MVPA, in each group (n=39
in the app group at 12 weeks). However, 44% of the dropouts
in the app group occurred directly after the randomization
process because of dissatisfaction with the group allocation.
Finally, the lack of a passive control group made it impossible
to draw conclusions on whether apps can improve PA and CRF
compared with not using apps. However, as stated in the aim
of the study, the hypothesis of the study was to test to what
extent commercially available apps can provide effects on PA
and CRF compared with supervised exercise.

Conclusions
Commercially available apps increased levels of CRF and
improved body composition over 12 weeks to the same extent
as supervised exercise sessions. However, neither the app-based
intervention nor the supervised exercise intervention increased
MVPA.
Given the high degree of smartphone use in the population, the
fact that an app-based intervention has the potential to increase
reach at a low cost and the substantial health effects associated
with an increased CRF [12,39], this intervention may be an
alternative approach to increase physical health–related
outcomes in individuals with mild-to-moderate MD.
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Abstract
Background: Technology—in particular, access to the Internet from a mobile device—has forever changed the way we relate
to others and how we behave in our daily life settings. In recent years, studies have been carried out to analyze the effectiveness
of different actions via mobile phone in the field of health: telephone calls, short message service (SMS), telemedicine, and, more
recently, the use of push notifications. We have continued to explore ways to increase user interaction with mobile apps, one of
the pending subjects in the area of mHealth. By analyzing the data produced by subjects during a clinical trial, we were able to
extract behavior patterns and, according to them, design effective protocols in weight loss programs.
Objective: A clinical trial was proposed to (1) evaluate the efficacy of push notifications in an intervention aimed at improving
the body composition of adult women who are overweight or obese, through a dietary procedure, and (2) analyze the evolution
of body composition based on push notifications and prescribed physical activity (PA).
Methods: A two-arm randomized controlled trial was carried out. A sample size of 117 adult obese women attended a face-to-face,
30-minute consultation once a week for 6 months. All patients were supplied with an app designed for this study and a pedometer.
The control group did not have access to functionalities related to the self-monitoring of weight at home, gamification, or
prescription of PA. The intervention group members were assigned objectives to achieve a degree of compliance with diet and
PA through exclusive access to specific functionalities of the app and push notifications. The same diet was prescribed for all
patients. Three possible PA scenarios were studied for both the control and intervention groups: light physical activity (LPA),
moderate physical activity (MPA), and intense physical activity (IPA). For the analysis of three or more means, the analysis of
variance (ANOVA) of repeated means was performed to evaluate the effects of the intervention at baseline and at 3 and 6 months.
Results: Receiving notifications during the intervention increased body fat loss (mean -12.9% [SD 6.7] in the intervention group
vs mean -7.0% [SD 5.7] in the control group; P<.001) and helped to maintain muscle mass (mean -0.8% [SD 4.5] in the intervention
group vs mean -3.2% [SD 2.8] in the control group; P<.018). These variations between groups led to a nonsignificant difference
in weight loss (mean -7.9 kg [SD 3.9] in the intervention group vs mean -7.1 kg [SD 3.4] in the control group; P>.05).
Conclusions: Push notifications have proven effective in the proposed weight loss program, leading women who received them
to achieve greater loss of fat mass and a maintenance or increase of muscle mass, specifically among those who followed a
program of IPA. Future interventions should include a longer evaluation period; the impact of different message contents, as well
as message delivery times and frequency, should also be researched.
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Introduction

[18], but there is scant evidence of their effectiveness in
interventions aimed at changing lifestyles.

Mobile technology can be considered as being fundamental to
our lives. Its presence is ubiquitous; estimates in 2019 have
suggested that there will be around 4.1 billion intelligent devices
globally, between mobile phones and tablets [1]. Furthermore,
the wearable market is also a promising one, since the number
of wearable devices connected worldwide is expected to jump
to over 1.1 billion in 2022, while telecom technology will
change from 4G to 5G [2]. Furthermore, this fact has changed
the way we relate to each other, live, and work [3]. In 2014
there was a turning point in connectivity; for the first time, the
amount of browsing through mobile devices exceeded that of
desktop computers [4]. We can, therefore, dispense with the
adjective mobile when we talk about technology, as both terms
are already inseparable [3].

Recent reviews confirm that providing digital solutions to people
with an interest in health interventions improves the results
obtained [19,20]. Some functions, such as self-monitoring,
interaction between users, or setting objectives, have positive
effects on health status [21]. In particular, self-evaluation is a
characteristic that has shown encouraging results and has been
the subject of study in clinical trials [22,23].

The health care field has not been alien to this revolution. The
mHealth concept was born in 2000; the 2010 mHealth Summit
held by the Foundation for the National Institutes of Health
defined it as “the provision of health care services through
mobile communication devices” [5]. Nowadays, around 40%
of the 300,000 apps available in the major app stores are related
to health, particularly those focused on disease monitoring and
management [6].

Taking all of the above into account, a clinical trial was
proposed to evaluate, as a primary outcome, the efficacy of push
notifications in an intervention aiming to improve body
composition—defined as loss of fat mass while maintaining or
increasing muscle mass—of adult women who are overweight
or obese. Assessing the evolution of body composition based
on diet and prescribed PA was considered a secondary outcome.

Communication technology has evolved, taking us from making
phone calls or sending short message service (SMS) text
messages to developing telemedicine via Web or mobile apps
as supports for clinical decision making or increasing the degree
of adherence to treatments [7-9]. SMS text messaging has shown
itself to be a great resource for delivering electronic reminders
in practice and a highly feasible platform, since it is an older
technology that can be used on any existing mobile phone. It
has shown clear benefits in increasing adherence to treatment
[10], preventing complications in chronic conditions [11],
allowing communication between professionals [12], and
helping in disease self-management [13], among others. In these
situations, SMS text messaging has been used alone [11,12] or
in combination with other technologies [13,14].
Push technology, however, has recently emerged in the mHealth
sector because of its potential for improving pervasive
functionalities in mobile health apps. It permits the delivery of
timely updates and customized reminders to its users, with
respect to the time sent and their contents. A push notification
has been defined as being an event-based mechanism by which
remote servers push events to mobile phone client apps [15].
This functionality offers auditory and visual alerts to inform
users about an incoming message and invites them to act, even
if the app sending the notifications is not currently in use [16].
Push notifications have proven to be effective in communication
with professionals [17] and assessing health behavior patterns
http://mhealth.jmir.org/2020/2/e13747/
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The role of physical activity (PA) in weight loss programs, as
well as in the maintenance of weight loss in the long term, is
fundamental [24] and has been confirmed in recent years through
several systematic reviews [25,26]; this has revealed the
existence of an inverse association between PA and body mass
index (BMI).

Methods
Study Design: Overview
A two-arm randomized controlled trial of a 6-month intervention
(ie, prescription of PA and diet) was carried out. The
intervention group was comprised of women who received push
notifications, while women assigned to the control group did
not receive any. All the women in both groups followed the
same diet. In addition, the women in the intervention group and
the control group were randomly assigned to programs of PA
of different intensities: light physical activity (LPA), moderate
physical activity (MPA), or intense physical activity (IPA). The
intervention group received push notifications with the aim of
establishing a mechanism of control, gamification, and
reminders of the PA prescribed in a face-to-face consultation.
The control group, despite being recommended and prescribed
corresponding PA, did not have a control and monitoring
mechanism associated with push notifications. After enrollment,
body composition variables were assessed every week for 24
weeks. The study protocol complied with the Declaration of
Helsinki for medical studies and was approved by the bioethical
committee of the University of Córdoba from the Department
of Health at the Regional Government of Andalusia (Act No.
284, reference 4156). The protocol was registered at
ClinicalTrials.gov (NCT03911583). This trial has been reported
according to the Consolidated Standards of Reporting Trials
(CONSORT) statement and the CONSORT-Electronic and
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Mobile HEalth Applications and onLine TeleHealth
(EHEALTH) extension (see Multimedia Appendix 1).

Recruitment and Enrollment
The sample consisted of 117 Caucasian women from the region
of Andalusia, Spain. Participants were recruited from a private
health center, to which they came on their own initiative to
undergo a weight loss program; women learned of the program
either through ads published within the clinic itself or specific
publicity in social networks. Data began to be collected on
January 1, 2016, and lasted for a period of 2 years. All study
participants were required to sign a written informed consent
form.

Randomization
Participants were randomly assigned following a simple
randomization procedure (ie, computerized random numbers)
to intervention or control groups and to LPA, MPA, or IPA
groups. Participants were randomized using a random-number
generator in Microsoft Excel (Microsoft Corporation ).

Sample Size Calculation
The primary outcome variable was fat mass loss after 6 months;
the anticipated minimum difference in the average fat mass loss

Hernández-Reyes et al
was 2% with an expected SD not exceeding 3.5% [27]. The
study was designed to have at least 80% power and an alpha
level set at .05, obtaining a sample size of 27 individuals in each
of the intervention and control groups for a total of 54. A total
of 90 women—45 in each group—was estimated to be necessary
to mitigate the effect of possible dropouts during this trial.

Push Notifications
Automatic push notifications (see Figure 1) were scheduled to
be sent to the intervention group on specific days with
personalized health-related and motivational messages; these
messages aimed to provide comments to reinforce behavior
modification and encourage interaction with the app.
The content of the feedback messages was extracted from a
previously established library (see Textbox 1 and Multimedia
Appendix 2) and was based on the following behavioral theories:
1.
2.
3.

Health tips, where the primary tailoring goals are attention
and peripheral processing [28].
PA tips, in this case attention and being informed [29].
Self-monitoring tips, where the primary tailoring goals are
decision making and behavioral intention [30].

Figure 1. Push notification flow. The push notification service system works under the Amazon Simple Notification Service (SNS), which provides
topics for push-based and many-to-many messaging. Using Amazon Web Services (AWS) Lambda functions from the SNS, messages are sent to a
large number of subscriber end points via parallel processing. This process consists of eight steps. Step 1. The publisher sends push notifications from
distributed systems. Step 2. Amazon SNS is activated to get fully managed publisher and subscriber messaging and event-driven computing service,
including steps 3 and 4. Step 3. SNS Topic: message publishers are decoupled from subscribers by topic. Step 4. Message Filtering: messages are filtered
according to subscription filters, which allows for personalization, and are delivered to clients, who connect to the database (DB) through an application
programming interface (API). Step 5. AWS Lambda creates notifications and sends them to the client software development kit (SDK) engine through
the Apple Push Notification service (APNs), Google Cloud Messaging (GCM), and Firebase Cloud Messaging (FCM). Step 6. The client SDK receives
push notifications. Step 7. The user interacts with the push notification. Step 8. The interaction is recorded in the DB through the app’s API.
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Textbox 1. Main themes of the app message library.
•

Health tips

•

Nutritional properties of specific foods

•

Healthy options when it comes to selecting snacks

•

Physical activity tips

•

Examples of healthy habits

•

Benefits of carrying out some protocols periodically

•

Self-assessment tips: includes a specific menu for users to enter their weight at home—exclusive option for the intervention group

Randomized Test Design
The implementation of the methodology for sending push
notifications (see Figure 2) was designed considering aspects
collected in previous studies that mention, above all, the
importance of the following: (1) patients’ ability to select their
preferred time for receiving notifications and (2) the increased
effectiveness of notifications when delivered at times that do
not interrupt the daily routine [31]. Based on these criteria, three
time points were established at which the notifications would
be sent to the patients in the intervention group: 08:30 (point
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1)—the time point before going to work; 14:00 (point 2)—lunch
time; and 20:00 (point 3)—the time when patients arrived home,
before dinner. The first message was sent between points 1 and
2, according to the patients’ preferences; patients who did not
respond to the push notifications automatically received a
notification at point 3.
The notifications were sent from an online tool developed
specifically for this study. This tool allows the researcher to
program push notifications and to check for who has responded
and when (see Multimedia Appendix 3).
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Figure 2. Implementation of push notifications in the study design. Step 1. Clients log in and the system recognizes the group to which each woman
was assigned (control or intervention group). Step 2. Women in the control group are given access to their electronic medical record (ie, evolution in
anthropometric indicators) and can register their physical activity (PA), including daily steps measured with the Accupedo app. Step 3. Women in the
intervention group are given access to the same functionalities as those in the control group. In addition, they receive push notifications to increase
self-control (ie, reminders, support messages, and request for registration of compliance with the dietary and PA plans). Step 4. All data are received
and recorded in the Clinical Research Manager (Intranet).

Outcome Measures
Physical Activity
To estimate the degree of PA and sedentary activity at the
beginning of the study, we used the long version of the
International Physical Activity Questionnaire (IPAQ-long),
which has been shown to be reliable and valid for estimating
PA and sitting-down time [32]. To adjust for sedentary behavior
and/or PAs outside working hours, the IPAQ-long was
administered via interview at the beginning of the study and
repeated at the end of the intervention. The Accupedo app—a
pedometer app—was installed on the patients' mobile phones.
This app is capable of tracking and storing information about
http://mhealth.jmir.org/2020/2/e13747/

XSL• FO
RenderX

daily PA in relation to walking or running; as well, it has been
previously validated as a measure to encourage and motivate
patients to reach a certain number of steps [33]. The purpose of
the push notifications in this case was to encourage and remind
patients of the objective that was previously established in the
face-to-face consultation, regarding the number of steps. Patients
had to report, within the app, the data obtained in Accupedo;
this information was checked weekly in the consultation by the
research team.

Self-Reporting
Self-evaluation was related to the women’s behavior during
each week. The women had to enter their weight in the app
when they received the push notification. The objective was to
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e13747 | p.183
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determine whether receiving a reminder and keeping track of
weight made a difference among the women in the intervention
group compared to the group of patients without access to this

Hernández-Reyes et al
functionality (see Figure 3). Apps that offer self-evaluation
features have previously demonstrated to help patients lose
weight [34].

Figure 3. Screenshots of the full version of the app, including the self-control functionality for the intervention group. 1. Screenshot of the main menu.
The following are translated from Spanish: 1a. Welcome to the Nutrición Sur app; 1b. Medical history; 1c. Physical activity; 1d. Self-control; 1e. About
us; 1f. Blog. 2. Screenshot of the electronic medical record. The following are translated from Spanish: 2a. Medical and anthropometric history; 2b.
Weight (orange), Total fat (blue), Muscle mass (red), Total water (green). 3. Screenshot of the physical activity record. The following are translated
from Spanish: 3a. Physical activity; 3b. Number of steps; 3c. Distance; 3d. km/h; 3e. Time; 3f. Average/month; 3g. Submit. 4. Screenshot of the
self-control page. The following are translated from Spanish: 4a. Self-monitoring; 4b. Diet fulfilled?; 4c. Physical activity?; 4d. Weight; 4e. Submit.

Eligibility Criteria: Inclusion and Exclusion
A flowchart of participants is shown in Figure 4. Of the 117
women who attended the consultations to lose weight, 27
(23.1%) did not meet the inclusion criteria, so the remaining 90
women (76.9%) were randomized into two groups: intervention
group or control group. After this, the women in each group
were randomly assigned to one of the three PA programs
http://mhealth.jmir.org/2020/2/e13747/
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described previously. We decided to study a group of women,
exclusively, because of differences from men with respect to
body composition (ie, a higher percentage of fat mass) and
metabolic response to PA plans (ie, lower capacity to build
muscle mass) [35]. For this reason, and since the primary
objective was to analyze the effect of push notifications, we
decided not to include men. Another inclusion criterion was
having at least 32% of total body fat at the start of the study
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e13747 | p.184
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because this is the lowest limit that determines obesity in a
woman, as the percentage of fat is considered a marker of
obesity [36].
Women who had a metabolic illness and those who had
previously been diagnosed with type 2 diabetes mellitus were
excluded from the study. Exclusion criteria also included being

Hernández-Reyes et al
pregnant or breastfeeding, being under the age of 18, and having
a BMI of less than 25 kg/m2. Finally, another exclusion criterion
was taking antidepressant drugs, due to their possible role in
the incidence of obesity in middle-aged women [37]. A total of
60 women out of 90 completed the follow-up evaluation,
representing a retention rate of 67%. There were no statistical
differences in the dropout rate between any of the groups.

Figure 4. Flowchart of participants. BMI: body mass index; PA: physical activity.

Study Variables and Measurements
Body fat, muscle mass, and water percentages, considering
variable outcomes, were monitored and collected over time
using multifrequency bioelectrical impedance with the
BWB-800A electronic scale (Tanita Corporation of America),
which was previously validated [38]. Standing height without
shoes was measured to the nearest millimeter using the
wall-mounted PORTROD stadiometer (Health o meter). The
independent variables collected were age (years), height (cm),
weight (kg), and BMI (kg/m2). The anthropometric
measurements were collected following the recommendations
of the reference manual of standardized anthropometry [39].
For the PA, the strata proposed by Matthew were used [40].
Patients in MPA and IPA groups were instructed to perform
aerobic exercises corresponding to energy expenditure induced
by training of approximately 300-600 kcal/day. For PA to be
considered MPA, women had to walk for 30-60 minutes every
day or complete 7500-10,000 steps per day. On the other hand,
http://mhealth.jmir.org/2020/2/e13747/
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to be considered IPA, patients had to carry out, in addition to
the target set in the MPA group, IPA sessions of over 70% of
VO2max three times a week. Several members of the research
team—nurses and a nutritionist—assessed the women in order
to prescribe the adequate intensity of PA. This was based on
heart rate, estimated using the Karvonen formula [41], and
establishing the maximum heart rate of 220 - age (years).
Adherence was monitored by weekly exercise records that were
completed by participants and researchers.
With respect to diet, the daily energy requirements were
determined by estimating the energy expenditure at rest through
the formula proposed by Harris-Benedict (655.0955 + 9.5634
[weight in kg] + 1.8496 [size in cm] - 4.6756 [age in years])
[42] and multiplying the value obtained by a factor of 1.5 in
those patients who did PA [43]. During a period of 24 weeks,
all the participants followed a diet with the following distribution
of macronutrients: 25%-30% protein, 40%-45% carbohydrates,
and 30%-35% fat. A hypocaloric diet was designed, with a
reduction of 500 kcal/day during the intervention period to
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e13747 | p.185
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achieve a weekly weight loss of 400 grams; no vitamins or other
nutritional supplements were prescribed. In order to be included
in the study, each woman participated in a 1-hour seminar, in
which a dietitian-nutritionist taught her the appropriate selection
and preparation of food. The proposed menu was valid for 7
days, and at the weekly review appointment, the protocol for
the current week was handed out. The energy and nutritional
contributions were assessed through the Dietowin program and
the weighing method [44].
The follow-up tests began during the first week of the diet and
PA assignment. Body composition was measured after an
overnight fast; the subject was then required to go to the center
on the same day of the week at the same time, wearing the same
clothes. Review appointments continued on a weekly basis until
week 24, when all the variables were collected.

Statistical Analysis
The quantitative variables have been presented with the mean
and SD, and the qualitative variables with frequencies and
percentages.
To contrast the goodness of fit with a normal distribution of
data from quantitative variables, the Kolmogorov-Smirnov test
with the Lilliefors correction was used. For the bivariate
hypothesis, the Student's t test was performed for two means,
while for the qualitative variables the chi-square and Fisher
exact tests were employed when necessary. Likewise, for the
analysis of three or more means, the analysis of variance
(ANOVA) of repeated means determined the effects of the

intervention at baseline and at 3 and 6 months; the correlation
between the quantitative variables was verified by the coefficient
of Pearson correlation (r). Finally, if the normality or
homoscedasticity criterion was not met for the ANOVA, the
Kruskal-Wallis test was performed.
To adjust for the possible impact of PA on body composition
and its possible role as a confounding factor, adjusted linear
regressions were made for each body composition variable
(percent body fat and muscle mass) and weight, calculating the
standardized beta coefficients. To determine the goodness of
fit of the models, the SE, the adjusted coefficient of
determination, the F statistic, the linearity, and the residuals
were analyzed.
For all statistical analyses, an alpha error of less than 5% was
accepted (P<.05) and a 95% CI was calculated. For the statistical
analysis, IBM SPSS Statistics software, version 22.0 (IBM
Corp), was used.

Results
Characteristics of the Population Studied
The women studied had a mean age of 41.5 years (SD 11.3).
With regard to body composition, in the first consultation we
found an average weight of 82.6 kg (SD 14.5) (95% CI
78.8-86.3), average muscle mass of 44.7 kg (SD 5.1) (95% CI
43.4-46), and average body fat of 42.2% (SD 5.5) (95% CI
40.8-43.6) (see Table 1).

Table 1. Descriptive characteristics of participants randomized at baseline.
Variable

Total

No push notifications

Push notifications

(N=60), mean (SD)

(n=29), mean (SD)

(n=31), mean (SD)

P value

Age (years)

41.5 (11.3)

40.3 (11.6)

42.9 (10.9)

.38

Height (m)

1.6 (0.1)

1.6 (0.1)

1.6 (0.1)

.77

Weight (kg)

82.6 (14.5)

84.8 (14.9)

80.5 (13.9)

.25

Body mass index (kg/m2)

31.8 (5.3)

32.8 (5.3)

31.0 (5.3)

.19

Body fat (%)

42.2 (5.5)

43.4 (5.0)

41.0 (5.8)

.10

Muscle mass (kg)

44.7 (5.1)

45.0 (5.3)

44.4 (4.9)

.66

Water (%)

43.1 (3.9)

42.1 (3.3)

44.1 (4.2)

.05

No significant differences were found between the group that
received notifications and the one that did not, with respect to
the number of women who remained in the LPA group or
engaged in MPA or IPA (P>.05). The baseline data according
to whether the push notifications were sent or not are shown in
Table 1.

push notifications showed a significantly greater reduction in
the percentage of body fat (-8.4% [SD 4.7], 95% CI -10.1 to
-6.6; P=.005). For the rest of the anthropometric variables,
although there was a greater decrease in the intervention group,
the decreases were not significant with respect to the control
group (P>.05).

Analysis of the Evolution of Body Composition Based
on the Use of Push Notifications

However, this trend was not maintained after 6 months of the
intervention. The women who received push notifications
showed a greater improvement in their body composition than
those who did not receive them; a higher decrease in body fat
percentage (P<.001), a smaller reduction in muscle mass
(P<.05), and a higher percentage increase in body water (P<.05)
were observed (see Table 2).

The analysis of the variation in body composition in the study
groups was based on the percentage changes between the
measurements collected at baseline and at 3 and 6 months. A
total of 3 months after the intervention, the group that received
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Table 2. Variation of body composition.
Variable

At 3 months

At 6 months

No push notifications,
mean (SD)

Push notifications,
mean (SD)

P value

No push notifications, mean (SD)

Push notifications,
mean (SD)

P value

-6.3 (3.3)

-7.1 (2.4)

.27

-7.1 (3.4)

-7.9 (3.9)

.39

Body mass index, (kg/m )

-2.1 (1.2)

-2.3 (1.0)

.56

-8.0 (3.7)

-9.1 (5.7)

.36

Body fat (%)

-5.0 (4.2)

-8.4 (4.7)

.005

-7.0 (5.7)

-12.9 (6.7)

<.001

Muscle mass (kg)

-2.6 (3.1)

-1.6 (4.1)

.27

-3.2 (2.8)

-0.8 (4.5)

.02

Water (%)

3.2 (3.3)

5.1 (4.5)

.07

4.8 (4.3)

8.0 (5.8)

.02

Weight (kg)
2

Analysis of the Evolution of Body Composition Based
on the Use of Push Notifications and Physical Activity
At 3 months, it was found that there was no significant change
in weight, nor in BMI or muscle mass, in women who remained
in the LPA group. However, we observed a reduction in body
fat percentage in women who received motivational messages
during the intervention (-5.9% [SD 2.3], 95% CI -7.5 to -4.2)
and a significantly elevated water percentage (3.4% [SD 1.3],
95% CI 2.4-4.3), compared to that in women who did not receive
the messages.
With regard to women who performed some type of physical
activity (ie, MPA and IPA), although a more favorable change

was found among the women who received the push
notifications, it was not significant (P>.05) (see Table 3).
The trend varied in the data collected at 6 months among the
three study groups. Regarding sedentary women, it was found
that the difference in body fat loss and water gain was
significantly greater (P<.001 and P<.01, respectively) among
women who received push notifications.
With respect to the group that did MPA, women in the control
group showed greater modifications in all body composition
variables, but they were only significant in the case of body fat
(P<.01) (see Table 4).

Table 3. Evolution of body composition based on physical activity (PA) and push notifications at 3 months.
Variable

Light PA (n=21)

Moderate PA (n=19)

No push notifications (n=11),

Push notifications (n=10),

mean (SD)

mean (SD)

Weight (kg)

-4.8 (3.8)

-6.5 (2.0)

Body mass
index

-1.7 (1.5)

P value

No push notifications (n=9),

Push notifications (n=10),

mean (SD)

mean (SD)

.22

-6.9 (2.9)

-8.1 (1.7)

-2.1 (0.7)

.56

-2.3 (0.8)

Body fat (%) -2.3 (3.6)

-5.9 (2.3)

.02

Muscle mass -2.8 (3.9)
(kg)

-2.9 (2.4)

Water (%)

3.4 (1.3)

Intense PA (n=20)
P value

No push notifi- Push notificacations (n=9), tions (n=11),

P value

mean (SD)

mean (SD)

.36

-7.5 (2.6)

-6.7 (3.2)

.66

-2.5 (0.9)

.84

-2.3 (0.9)

-2.2 (1.3)

.55

-5.6 (3.5)

-6.8 (2.4)

.60

-8.0 (3.5)

-12.0 (5.7)

.07

.71

-2.9 (2.3)

-3.7 (1.8)

.55

-2.1 (2.8)

1.6 (5.0)

.11

.04

3.1 (3.7)

4.2 (1.4)

.07

5.6 (2.4)

7.6 (6.9)

.30

(kg/m2)

1.5 (2.5)

Table 4. Evolution of body composition based on physical activity (PA) and push notifications at 6 months.
Variable

Light PA (n=21)

Moderate PA (n=19)

No push notifications (n=11),

Push notifications (n=10),

mean (SD)

mean (SD)

Weight (kg)

-5.6 (3.1)

-7.2 (1.9)

Body mass
index

-5.3 (2.6)

P value

No push notifications (n=9),

Push notifications (n=10),

mean (SD)

mean (SD)

.07

-9.5 (2.3)

-11.4 (2.4)

-7.1 (2.0)

.09

-9.6 (2.3)

Body fat (%) -1.2 (1.5)

-6.2 (2.1)

<.001

Muscle mass -4.3 (2.2)
(kg)

-3.0 (2.1)

Water (%)

4.1 (1.6)

Intense PA (n=20)
P value

No push notifi- Push notificacations (n=9), tions (n=11),

P value

mean (SD)

mean (SD)

.13

-10.0 (3.7)

-10.0 (4.3)

>.99

-9.5 (5.2)

.54

- 9.5 (4.3)

-10.6 (7.9)

.88

-8.1 (2.6)

-12.8 (2.6)

.002

-13.0 (3.7)

-19.0 (6.1)

.046

.28

-3.6 (2.1)

-2.9 (1.9)

.24

-1.4 (3.4)

3.0 (5.3)

.08

.003

4.6 (3.2)

8.2 (2.1)

.02

9.3 (3.1)

11.4 (8.1)

.60

(kg/m2)

1.2 (1.8)
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Finally, women who were referred to IPA and received push
notifications had significantly greater reductions in the
percentage of body fat (received notifications: -19.0% [SD 6.1],
95% CI -23.1 to -15; did not receive notifications: -13.0% [SD
3.7], 95% CI -15.5 to -10.5; P<.05). On the other hand, although
no significant differences in muscle mass were found, muscle
mass gain was observed in the intervention group.

Hernández-Reyes et al

Adjusted Regressions in Body Composition
Modifications
The results shown in Table 5 confirm that the incorporation of
push notifications had a different impact in body composition
variables. Thus, we observed how receiving these notifications
during the intervention lead to the weight loss increase
(standardized beta=-.208) and helped to maintain or gain muscle
mass (standardized beta=.266). However, the most important
impact was observed on body fat, where loss occurred to a high
degree (standardized beta=-.397).

Table 5. Multiple linear regression models.
Result variable and modelsa and measures they are adjusted for

Standardized beta

R 2b

SE

rc

P value

.393

2.812

.658

<.001

.743

3.461

.872

<.001

.416

2.985

.675

<.001

Weight lost at 6 months (kg)
2.214 - 4.335 (MPAd- 4.219 (IPAe) - 1.487 (push notificationsf) - 0.092 (weight at baseline)
MPA

-.564

IPA

-.556

Push notifications

-.208

Weight at baseline

-.367

Body fat lost at 6 months (%)
1.443 - 6.720 (MPA) - 12.390 (IPA) - 5.379 (push notifications) - 0.058 (body fat at baseline)
MPA

-.462

IPA

-.863

Push notifications

-.397

Body fat at baseline

-.047

Muscle mass lost at 6 months (kg)
5.769 - 0.029 (MPA) + 3.926 (IPA) + 2.062 (push notifications) - 0.226 (muscle mass at baseline)
MPA

-.003

IPA

.478

Push notifications

.266

Muscle mass at baseline

-.294

a

Models are adjusted for age, weight at baseline, push notifications, percentage of fat at baseline, muscle mass at baseline, percentage of water at baseline,
and physical activity (PA).
b 2

R : coefficient of determination (goodness of fit).

c

r: Pearson´s linear correlation.

d

MPA: moderate physical activity (sedentary=0, moderate=1).

e

IPA: intense physical activity (light=0, intense=1).

f

Push notifications (no=0, yes=1).

Discussion

lost more total body fat, and had better muscle mass results than
those who did not receive these notifications.

Principal Findings

Comparison With Prior Work

As far as we know, this work has been the first clinical trial to
study the impact of establishing a tracking and gamification
system through push notifications in a weight loss program that
included PA, combined with dietary treatment in face-to-face
consultations, with a weekly tracking frequency over 6 months.
From the results, we have extracted encouraging data.
Introducing an mHealth strategy in patient consultation was
shown to be, at the end of the trial period, a differentiating
element: women receiving push notifications lost more weight,
http://mhealth.jmir.org/2020/2/e13747/
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Effects After 12 Weeks of the Push Notifications
In the first 3 months of the study, we found that push
notifications only had an effect on total body fat and not on the
rest of the anthropometric variables.
In the LPA groups, which only encouraged complying with the
diet and carrying out weight control at home, push notifications
triggered greater body fat loss, compared to the group who did
not receive notifications. What differentiated the patients of this
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e13747 | p.188
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group was their access via the app to a specific functionality
called self-monitoring, a concept that allows the patient to
restrict or cancel a response, which makes decision making
possible [45]. The use of technology in a clinical trial of
behavioral weight loss in a face-to-face intervention has
previously been documented in the work of Polzien et al [46],
who reported additional weight loss at 12 weeks of 2.1 kg in
the group that had technological support; these data approximate
those obtained in our study, since women who received push
notifications lost 1.76 kg of additional weight in the LPA group.
We found important differences in applying mHealth technology
in combination with face-to-face follow-ups when compared to
resorting exclusively to an mHealth intervention. At 12 weeks,
our trial subjects lost an average of 7.1 kg (SD 2.4), while
participants in another intervention using only text messages
lost an average of 1.6 kg (SD 2.6) [47].
Sending messages of encouragement results in an increase in
PA in the short term. Although the data in the first 12 weeks
show an improvement in the body composition of women who
received notifications, this was not significant (P>.05). A
previous study among sedentary women confirmed that an
mHealth intervention helped increase PA, although there were
no significant changes in BMI [48].

Effects After 24 Weeks of the Push Notifications
At 6 months, the women in the trial who received push
notifications lost more fatty tissue and their fat-free mass
behaved better (ie, muscle mass and total body water).
A study focusing on the effects of mobile phone-based support
and weight loss found a difference in additional weight loss of
1.9 kg at 6 months between groups with and without technology
[49]. This difference was greater than the 1.63 kg between
women who did or did not receive push notifications in our
study, despite the fact that patients were aware that they were
being monitored. In previous studies, this aspect was seen to
affect patients’ behavior [50]. Our findings were similar to those
obtained in the review by Hutchesson et al [51], who compared
weight loss among participants assigned to an mHealth
intervention (13 studies), finding that the additional
characteristics led to an average weight loss difference of 1.46
kg.
The body composition variables of groups assigned to
performing MPA and IPA improved, highlighting an increased
loss of total body fat and better behavior in fat-free mass (ie,
maintaining or gaining). Text messages (ie, push notifications)
aimed at fulfilling an assigned PA protocol were effective in
interventions of at least 6 months in duration. These results do
not coincide with a study of the same duration [52], in which
there was no monitoring in face-to-face consultations.
Reinforcing the strategy to be followed in the consultation and
using technology as a support may be more feasible. However,
we found similar results in a study where subjects were
monitored at a weekly frequency for 24 weeks [53].
The same conclusion made at 12 weeks on the effectiveness of
text messaging and weight loss without face-to-face control can
be extrapolated to longer periods of 24 weeks. Even though, in
our study, patients monitored through push notifications and
http://mhealth.jmir.org/2020/2/e13747/
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face-to-face consultations lost an average of 7.87 kg (SD 3.87),
in studies that exclusively measured the effectiveness of mobile
messaging and weight loss, the results were not so promising,
as participants only lost an average of 1.27 kg (SD 6.51) [54,55].

Body Composition
Previous studies reported that decreases in muscle mass were
restored over time after weight loss interventions [56,57].
Although the muscle mass loss was lower than that of total body
fat, muscle maintenance should be monitored and prescribed
even in weight loss programs. The subjects of our study who
had a light or moderate exercise prescription (ie, walking) lost
muscle mass at the end of the period. The explanation is that
this kind of PA seems insufficient for mobilizing and stimulating
muscle mass [58]. The group in our study that had an intense
physical exercise prescription (ie, incorporating resistance
training) was the only one that showed muscle mass gain at 6
months. These results provide evidence that a combined program
of aerobic and resistance-type exercise helps to preserve muscle
mass during weight loss, results that matched those of a recent
review [59].
Our findings reveal that the prescription of PA results in
significant body fat loss; the higher the intensity of PA, the
greater the loss of fat at 6 months. While the LPA prescription
implied a 6% fat loss at 6 months, the IPA subjects reached a
fat loss of 19%. In addition, when analyzing the results among
MPA and IPA subjects, we observed that IPA subjects lost an
additional 7% of fat, whereas no significant weight loss was
observed between the MPA and IPA groups. Our results are
consistent with the existing literature [60]; although
high-intensity training did not improve weight loss over 6
months compared to a lower intensity, the impact on fat loss
was significant [61].

Limitations and Strengths
Although the sample size in this study is similar to that used in
previous works [62,63], we carried out a randomization
procedure that led to balanced arms; besides, the dropout pattern
at 3 months was similar in the three groups. To avoid self-report
bias, which was previously documented [64], the data collection
records were checked by the research staff in face-to-face
consultations on a weekly basis, in which women had to show
her Accupedo status directly from their mobile phones. Key
strengths include the use of an objective measure of PA, which
has stronger associations with health behaviors than hypothetical
methods and self-reported measures [65]. To understand the
results in body composition and to be able to apply them in
public health, our study included a combination of diet and PA
and we had to demonstrate the difference in the change in
muscle mass between diet, PA programs, or both [58]. In this
work, we aimed to contribute to the growing interest in the field
of mHealth, regarding improvement of body composition and
the change in dynamics of disease prevention and treatment,
through text messaging interventions [66]. This study abandons
SMS technology to enter into a scenario of greater interaction
between patients and their health, allowing feedback from the
patients.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e13747 | p.189
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
Although the number of women who completed the follow-up
evaluation is greater than the estimated minimum sample size,
the results should be interpreted with caution. In this sense,
subsequent investigations with longer follow-up times, larger
sample sizes, and with similar designs that allow us to
corroborate the effectiveness found in this research would be
necessary. Besides, more empirical research is needed to
examine the effect of notification content and delivery times,
as well as the purpose of user responsiveness, and to assess the
impact of push notifications in other health care settings.

Hernández-Reyes et al

Conclusions
Push notifications have proven to be effective in the proposed
weight loss program, leading to greater loss of fat mass and
maintenance or increase of muscle mass among women who
received it, specifically among those who followed a program
of IPA. Future interventions should include a longer evaluation
period; the impact of different message contents, as well as
message delivery times and frequency, should also be
researched.
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Abstract
Background: Traditional partner notification methods have been implemented for HIV-infected patients, as well as HIV
treatment, in order to identify people at risk of HIV infection, especially men who have sex with men (MSM), since they are
more likely to have casual sex partners. These traditional methods have some limitations.
Objective: Our study focused on developing an mHealth app to improve partner notification in practice for MSM; the study
then focused on evaluating the effects of the app.
Methods: We developed an mHealth app with different modules using Java and HTML5 and tested it in an MSM community
to prevent HIV transmission. The HIV incidence stratified by different follow-up periods were calculated. Poisson regression
and social networks were used to estimate the risk ratios and to identify the connection among MSM, respectively.
Results: In addition to the partner notification module, which is the kernel of the app, we developed a test result self-query
module to enable MSM to get their approved test results in a timely manner, a prompt and warning module to alert users to protect
themselves from high-risk conditions, and a health education module to teach users more skills regarding HIV/AIDS prevention.
Over a 1-year duration, a total of 3186 MSM used the app, of which 678 had at least two HIV test results since becoming app
users; they were included in the final analysis. Among 678 users, a total of 6473 self-queries and 623 partner notifications were
recorded, which identified 180 social networks of MSM app users. Those who used the partner notification function were more
likely to have self-queries (P<.001). The 678 MSM app users covered 296.47 person-years and contributed to 20 HIV
seroconversions; the cumulative HIV infection incidence was estimated as 6.75 per 100 person-years (95% CI 4.38-10.01). We
found that the longer the app was used, the lower the HIV incidence (>5 months vs ≤5 months: 2.22 per 100 person-years vs 6.99
per 100 person-years; risk ratio 0.32, 95% CI 0.12- 0.87).
Conclusions: The app developed in this study is consistent with the World Health Organization’s sensitivity and confidentiality
recommendations; it has the potential to reduce the risk of HIV infection among MSM.
(JMIR Mhealth Uhealth 2020;8(2):e14457) doi:10.2196/14457
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partner notification; men who have sex with men; sexual network; mobile phone app
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Introduction
HIV/AIDS is not only a serious infectious disease that endangers
human health, but also a major global public health problem.
In China, there were about 850,000 people reported to be living
with HIV/AIDS in 2018; this number had increased rapidly
over the years and is nearly double the number of about 440,000
people who were living with HIV/AIDS in 2011 [1,2]. Of the
newly reported infections, 95.1% of people were infected
through sexual transmission; 25.5% of them were men who
have sex with men (MSM) and were infected though male-male
sexual behaviors [3]. To control the spread of HIV effectively,
providing antiretroviral therapy to people living with HIV/AIDS
is a recommended method and is called treatment as prevention
[4]. At present, antiretroviral therapy has covered about 75%
of the reported HIV/AIDS cases worldwide and 80% of those
in China, of which more than 90% were treated successfully
[5,6]. However, as reported by the National Health Commission
of China, about 30% of HIV-infected patients had not been
found and did not know their HIV status [7]. As a result, they
might not receive antiretroviral therapy and, therefore, this group
comprises a tremendous number of latent sources of infection.
As for MSM, the problem is particularly serious; because of
the concealment of this subpopulation and stigma of HIV testing,
it is difficult to find HIV-positive MSM in order to give them
suitable treatment [8,9]. As most MSM seek sexual partners
through Internet websites and software, such as Blued and Zank,
including for one-night stands, they are more likely to hide their
HIV status, which may increase the risk of HIV transmission
[10,11]. Thus, it is important for them to know the risk of HIV
infection and to know their real HIV status.
Partner notification is a public health measure that is
recommended by the World Health Organization (WHO), in
addition to treatment as prevention, to prevent and control HIV
infection among HIV high-risk subpopulations, especially MSM
[12-14]. Partner notification means that sexual partners should
take the initiative to tell each other their HIV infection status;
people living with HIV/AIDS, in particular, should tell their
sexual partners their HIV status and encourage them to receive
HIV testing [14]. A total of 67 countries already have policies
about partner notification; it could be a valid way to help people
identify their risk of HIV infection and promote HIV testing
[14]. However, currently, the practicability of partner
notification is limited to some extent. The existing partner
notification methods, including traditional methods (ie,
telephone or address contact), e-postcards sent by email as
proposed by Deb Levine et al [15], and website-based partner
notification methods [16,17], are aimed at giving HIV-positive
individuals an opportunity to tell their sexual partners about
their HIV status anonymously after sexual behaviors. As this
has been the only type of notification method, partners of
HIV-positive people have remained at high risk. In fact,
implementing partner notification before sexual behaviors occur
might be a fundamental way to avoid HIV transmission between
two casual sexual partners and could be defined as primary
prevention. However, this strategy has not yet been accepted in
practice; one reason is that as a type of healthy behavior,
implementing partner notifications is a long and difficult
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process, but most studies focus on short-term effects [18-20].
In addition, the lag and inconvenience of information exchange
of existing partner notification methods was also a defect that
needed to be improved [17].
Benefiting from the rapid development and popularization of
the Internet, especially the rapid increase of health-related
mobile phone apps, there are opportunities and techniques to
achieve the goal of partner notification in advance of sexual
behaviors [21,22]. In this study, we aim to design and develop
a welcoming and convenient mHealth app with a main function
of partner notification. We believe that this app could reduce
the risk of HIV transmission among MSM. An observational
study among app users was implemented to evaluate the effect
of the app’s functions.

Methods
mHealth App Design and Development Procedures
To meet the goal of promoting partner notification of HIV
among MSM, an mHealth app was designed and developed.
The app that we sought to develop had to meet the following
functions and requirements:
1.

2.

3.
4.
5.

Provide a feasible, easy, convenient technical solution to
achieve the function of partner notification for MSM before
they have sex.
Obtain and store users’ HIV statuses and test dates, which
can be used for partner notification in health centers by
promoting HIV testing; HIV statuses can be approved and
updated in a timely manner by health centers.
Allow users to query their HIV test results (ie, HIV status)
conveniently and in a timely manner.
Protect users’ privacy information in an effective, ethical,
and nonobtrusive way.
Bring minimum economic and psychological burden, as
well as a good user experience, to the users.

An interdisciplinary research and development team was formed
to design and develop the app, including the following experts:
HIV/AIDS epidemiologists, medical workers (ie, doctors and
nurses), social workers, and software systems engineers. Team
members had repeatedly discussed the implementation of the
system functions and determined the final design scheme. The
app was primarily developed in Java. The Web app technology
was used to integrate some webpages, which combined the
advantages of better human-computer interaction with
cost-effectiveness in cross-platform development. These
webpages were programmed and developed in HTML5.
To improve robustness of the app system, we designed and
strengthened the app’s infrastructure, architecture, and
processing as follows. First, regarding the infrastructure, we set
up system server hosts within the organization that provided
HIV testing services. The operating system was Windows Server
2012. Second, we formed a four-layer architecture, including a
data layer; a data access layer; a service layer, including four
function modules; and a user interface layer (see Figure 1).
Third, regarding processing, a log monitor module was set up
within the app system to record any invalid inputs and queries
by app users, such as incorrect phone number, which could be
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14457 | p.196
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used to optimize the system. To protect our data, we applied
Hypertext Transfer Protocol Secure (HTTPS) communication
over our system. The open-source Structured Query Language
database MySQL was used for Web data storage, and the
Message-Digest algorithm 5 (MD5) encryption technology was
applied to encrypt the sensitive data in the database.
Two versions of the app for mobile phones running on iOS and
on the Android operating system were developed; the functional
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webpages could also be accessed by Web browsers. After the
completion of app development, we conducted internal and
external testing; experts and staff on the project team tested and
modified the system repeatedly to develop the final version of
app to be used online. Engineers and testers, other than team
members, were also invited to review code and test the app’s
function modules.

Figure 1. Application architecture. JDBC: Java Database Connectivity; SQL: Structured Query Language.

Observational Study Implementation
An observational study based on the app users’ usage data was
carried out to identify the connection among MSM and to
evaluate the effectiveness of the app in reducing the risk of HIV
infection. The study was implemented in Harbin, Heilongjiang
province, China. Participants were enrolled into the study by
the KangTong clinic for a period of 1 year between July 1, 2017,
and June 30, 2018; the KangTong clinic is a community-based
organization for MSM in Harbin and was the health center where
app data were stored. The KangTong clinic also provided HIV
testing services for the study; the clinic is the largest
organization in Harbin that can provide testing services for
MSM, except for hospitals and the local Center for Disease
Control and Prevention (CDC).
The inclusion criteria for participants were as follows: (1)
biologically male, (2) had oral or anal sex with men at least
once during their lifetime, (3) 15 years of age or older, (4) had
no difficulty using a mobile phone, on which the app must be
installed, (5) willing to provide their mobile phone numbers to
serve as the unique identification numbers of the app’s
self-query and partner notification functions, (6) willing to use
the app’s function modules, (7) willing to complete the
questionnaire for the study, and (8) willing to complete the
informed consent document. MSM who met all the inclusion
http://mhealth.jmir.org/2020/2/e14457/
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criteria, but whose first HIV test results were positive, were also
invited to register as app users and complete the questionnaire
but were not included in the statistical analysis of HIV incidence.
When recruiting participants, the researchers and trained staff
from the KangTong clinic publicized the app through online
platforms (eg, WeChat, QQ, and Weibo) and offline venues
(eg, the clinic, parks, and bars). The app’s modules and their
functions were introduced to all of the participants by trained
staff. The participants were encouraged to use the app but were
not obligated to do so. An electronic informed consent form
was provided on the app when participants began to register.
After completing the user registration, no specific instructions
that would persuade them to use any particular module of the
app were given to the participants; however, we observed them
using the app in their own way to meet their needs. Participants
were also invited to receive HIV testing provided by the
KangTong clinic. When they made use of the provided HIV
testing services, they needed to fill out a questionnaire
containing basic demographic information and recent high-risk
sexual behaviors, which they were informed of in the above
electronic informed consent form. After completing an HIV
test, the results and date were approved and input into the system
by the clinic staff.
In order to protect participants’ privacy and confidentiality, the
recruitment process, HIV testing services, and participant
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14457 | p.197
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management after recruitment were all implemented one-to-one
by the KangTong clinic’s trained staff, and participants’ real
names were not collected during these processes. The HIV test
results were communicated to the participants in two ways: first,
by communicating the results to participants in person by the
clinic’s staff and, second, by allowing participants to query the
results themselves through the app’s function module. Though
participants gave their phone numbers when they registered as
app users, phone numbers would not be shown to clinic staff
and staff would not call participants, in order to avoid disturbing
them. The geographical locations collected by the app were also
not shown to clinic staff.

Statistical Analysis
In this study, the app users who had at least two HIV test results
during the 1-year period, and whose first HIV test results were
negative after becoming registered users of the app, were
included in the final analysis. The frequency and use of the
app’s different modules among these users were summarized.
Because the frequency was not a normal distribution, medians
and IQRs were calculated to describe the central tendency. The
Mann-Whitney U test was used to test the difference in median
frequencies between the two groups. The chi-square test was
used to compare the basic characteristics among the MSM with
the usage of different modules.
Several social networks were formed by users with at least two
HIV test results and based on their connection with other MSM
who were covered by the app’s partner notification system.
MSM who requested others’ HIV statuses or whose statuses
were requested by other MSM were the nodes of the networks
identified by the transformed unique IDs. The directed edges
in networks were built according to the request relationships.
The nodes were weighted by the number of MSM they
connected with, and the edges were weighted by the number of
requests between two MSM in the same direction. Their HIV
statuses (ie, HIV negative, HIV positive, and unknown status)
were also distinguished in the network construction. In addition,
HIV seroconversions were marked specifically in networks. We
assumed that two MSM who were connected in the networks
may be potential sexual partners.
The cumulative HIV incidence of the users with at least two
HIV test results was calculated by dividing the total number of
seroconversions by the total follow-up periods (ie, the period
of time between one participant’s first HIV test to his last HIV
test, indicated by person-year). The HIV incidence of these
users who used the app for 5 months or less or for more than 5
months was also calculated, of which 5 months was the median
time of follow-up shown in the analysis of the study. Poisson
regression was used to estimate the risk ratios (reported with
95% CIs and P values) of different follow-up periods and
different modes of app usage. Because the enrollment time of
each participant was different, the follow-up period for each
participant was calculated individually. The date of HIV
seroconversion was defined as the midway point between the
last negative test date and the first positive test date. The users
who used the app for more than 5 months were also included
in the calculation for HIV incidence of those who used the app
for 5 months or less; their follow-up periods were defined as 5
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months (0.42 person-years). Regarding the calculation for HIV
incidence of users who used the app for more than 5 months,
their follow-up periods were the period of time between their
first HIV test and their last HIV test.
A two-sided P value of .05 or less was regarded as significant.
The data from the questionnaires, the self-queries, and the
partner notification records that were linked by unique ID were
double-checked in Microsoft Access, version 2013, and SPSS,
version 21.0 (IBM Corp). Statistical analyses were done with
SPSS, version 21.0 (IBM Corp). Network visualization was
done with Cytoscape, version 3.5.1 (Cytoscape Consortium).
Mapping was done with ArcGIS, version 10.0 (Esri).

Ethical Issues
This study was approved by the Peking University Institutional
Review Board (IRB00001052-16016).

Results
App Development: Modules and Functions
The mHealth app named Golden ark was developed and contains
four main modules: the partner notification module, the test
results self-query module, the prompt and warning module, and
the health education module.

Partner Notification Module
The app provides a function that allows users to request each
other’s HIV status from the health center. Figure 2 represents
the framework of the partner notification system, which connects
the app platform with the health center. The implementation of
a request is divided into four steps:
1.

2.

3.

4.

User 1 sends a message to the health center requesting User
2’s HIV status through the system; this is a very simple
step where User 1 inputs User 2’s phone number into the
app’s Send new request interface and then submits it.
After receiving the request, the health center converts it
into a message that can be confirmed and approved by User
2 and sends the message to User 2’s Receive request
interface.
If User 2 agrees to show his HIV status to User 1, he must
click on the Agree button on his Receive request interface
within 24 hours; his status will then be sent to User 1. This
is deemed a successful request. If User 2 clicks the Disagree
button or refuses to deal with the request message within
24 hours, the request will be terminated and deemed an
unsuccessful request.
User 1 can see the real-time processing results through his
Request history interface as soon as User 2 has finished
processing the request, which could have three outcomes:
Agree, where User 2 agreed to share his recent HIV status;
Disagree, where User 2 chose not to share his HIV status;
and Has yet to deal with, where User 2 has not yet dealt
with the request. The module’s function can be implemented
through several interfaces (see Figure 3, a, and Multimedia
Appendix 1).

After the four steps, the two users’ phone numbers, HIV status,
the request status (ie, successful or not), and date are recorded
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14457 | p.198
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by the health center and can be linked to the two users’
questionnaire information by their phone numbers.
We expect that when two MSM are deciding whether to meet,
this friendly and convenient communication about HIV status
via a social media app will help them decide, in a timely manner,
whether to meet and have sex or not. If they use the function of
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partner notification and find out that one of them is HIV positive
or HIV unknown, their meeting may be cancelled. In addition,
if one user cannot get the other’s HIV status or the other man
has not had an HIV test for over 3 months, he is also more likely
to cancel their meeting, thereby reducing his risk for HIV
infection.

Figure 2. The framework of the partner notification system.

Figure 3. The interfaces of the app’s four modules.

Test Results Self-Query Module
After completing the HIV test in the clinic, users can query their
HIV test results through the app's test results self-query module
from the health center—where all users’ HIV test results are
stored—just by clicking the module button on the interface. The
test results that can be queried are approved by the health center
and will be kept in the system; users can also look up their
previous HIV test dates and results. For the convenience of
users’ queries, the records are arranged in reverse order
according to the HIV test dates: the latest test record is listed
at the top (see Figure 3, b). After every self-query, the user’s
phone number, HIV status, and self-query date are recorded by
the health center and can be linked to the user’s questionnaire
information by their phone number. If the test result is positive,
users can contact the health center for a follow-up consultation
and help.
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Prompt and Warning Module
On the basis of the self-query and partner notification module,
a module aiming to give users some necessary prompts and
warnings are embedded into the main functional module to alert
users. This module contains two major parts: dynamic prompt
and warning and fixed prompt and warning.
Dynamic Prompt and Warning
If one user’s last HIV test result was HIV negative but he does
not have a new result stored at the health center within the last
3 months—a 3-month interval is recommended by CDC
[13]—the user will receive a prompt to persuade him to come
to the health center for HIV testing (see Multimedia Appendix
2, a)
When one user (ie, User 1) requests to view the other user’s (ie,
User 2) HIV status, there are five request results possible:
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14457 | p.199
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1.
2.

3.
4.

5.

User 2 refuses to show his HIV status to User 1: a Disagree
or Has yet to deal with request result.
User 2 agrees to show his HIV status to User 1, but User 2
does not have any HIV test results stored in the health
center’s system: an unknown HIV status.
User 2 agrees to share his status, but User 2 is HIV positive.
User 2 agrees to share his status and the recent test result
is HIV negative, however, the recorded result was 3 months
ago.
User 2 agrees to share his status and has an HIV-negative
test result recorded within the last 3 months.

According to the five possible request results, the system will
give corresponding warning messages. For the first three results,
the app module will send a warning message to User 1 to alert
him to think carefully about dating User 2 and to pay attention
to the potential risks (see Multimedia Appendix 2, b and c; the
figures show the third situation as an example). For the fourth
result, the module will alert User 1 that User 2’s test result is
overdue and he needs to be retested for HIV (see Multimedia
Appendix 2, b and d). For the last result, the system will send
a warning message to User 1 that alerts him to the possible
window period and new infection of User 2 and advises him to
use condoms to prevent potential risks of HIV and other sexually
transmitted diseases (see Multimedia Appendix 2, b and e).
The above prompts and warnings are shown on User 1’s
Partner’s HIV status interface when he uses the partner
notification module.
Fixed Prompt and Warning
Two kinds of fixed prompts and warnings are set up on the
app’s interface to remind users to be more cautious and to pay
attention to the security of their information. First of all, when
one user uses the partner notification module and prepares to
submit the mobile phone number of the man for whom he wants
to request HIV status, a prompt will appear on the interface to
warn him not to publicize the other man’s HIV status (see Figure
3, c). In addition, when one user receives a request message on
the Receive request interface, if he wants to click on the Agree
button, he will receive a warning saying “If you click the
‘Agree’ button, your HIV status will be known by the other
man; please be cautious” (see Multimedia Appendix 3).

Health Education Module
A health education module is provided to give users some
necessary and timely health information to prevent them from
engaging in high-risk behaviors (see Figure 3, d) This module
also contains two parts: Regular Intervention Information
Dissemination and Dynamic Intervention Information
Dissemination.
Regular Intervention Information Dissemination
Health information will be disseminated to all users in the app
regularly (ie, every week) to give users guidance on HIV
prevention, such as basic knowledge about HIV/AIDS, skills
in HIV/AIDS prevention, policies and regulations for AIDS
patients, what and where services can be accessed, and so on.
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Dynamic Intervention Information Dissemination
Based on the user’s request behaviors (ie, frequency, successful
or not, and so on) and his HIV status, as well as the HIV status
of the men to whom he sent requests, the system may determine
that the user is in a high-risk state. If so, the system will send
reminders to the user, in a timely manner on the app’s interface,
about paying attention to his security regarding sexual behaviors,
the correct method of condom use, the use of the HIV
self-testing kit, and nearby HIV testing institutions.

App Data Collection and Management
The app users’ data are collected from three sources:
1.

2.

3.

The regular questionnaires users fill in before their
application for HIV testing services, which are stored in
the database automatically after they submit them through
the app.
The approved HIV status and testing date for each HIV test,
which are input into the system by the health center’s
trained staff and stored in the database for the app’s partner
notification module: users cannot input the test results
themselves.
The self-query behaviors (ie, self-query records), the
interactive behaviors (ie, partner notification records) of
users, and the geographical locations of the usage of the
two modules are automatically stored in the database when
these modules are used.

The three kinds of data are linked by users’ phone numbers that
were used for registration, which became their unique IDs.
All of the data are stored in an encrypted database by the health
center’s stand-alone server in case of information leakage and
illegal use. The reason we use phone numbers as unique IDs is
that phone numbers are convenient and easy for users to
remember as their unique usernames for registration and log-in;
this is very common for most apps in China for managing users.
Because users’ phone numbers are private information, we
encrypt this field when we store it in the database. When we
export the data for analysis, this field will be replaced by a 16-bit
string made up of random letters and numbers as the transformed
unique IDs.
The kinds of information we collect, how we use and protect
the information, as well as the possible risks are written in the
informed consent form. All users need to sign the electronic
informed consent form when they register.

Observational Study
From July 1, 2017, to June 30, 2018, 3186 MSM were recorded
in the health center’s self-query records and/or partner
notification records. Of the 3186 MSM, there were 678 users
(21.28%) with at least two HIV test results since becoming app
users. There were 20 seroconversions found among these 678
users (2.9%).
Of the 678 users, a total of 6473 self-queries (median 6, IQR
2-12) and 623 partner notifications (median 2, IQR 1-3) were
recorded. MSM who had used the partner notification function
were likely to have more self-queries than those who did not
(P<.001) (see Table 1). Most (4740/7096, 66.80%) of the
self-queries and partner notifications occurred in Harbin,
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Heilongjiang province, where the health center was located.
Over the 1-year study period, usage location of the two function
modules covered all of mainland China, except six

provinces—Qinghai, Tibet, Gansu, Ningxia, Guizhou, and
Guangxi—and was distributed centrally in eastern China (see
Figure 4).

Table 1. Usage frequency of functions by the app users.
Function

Total

Never used partner notification Had used partner notification Mann-Whitney U
(self-query only)

MSMa, n (%)

662 (100)

424 (64.0)

238 (36.0)

Frequency, n (%)

6473 (100)

3340 (51.60)

3133 (48.40)

Frequency, median (IQR)

6 (2-12)

5 (2-10)

9 (4-16)

MSM, n (%)

254 (100)

0 (0)

254 (100)

Frequency, n (%)

623 (100)

0 (0)

623 (100)

Frequency, median (IQR)

2 (1-3)

N/A

2 (1-3)

P value

Self-query

35,443

<.001b

N/Ac

N/A

Partner notification

a

MSM: men who have sex with men.

b

Significant at P<.05.

c

N/A: not applicable.

Figure 4. Location distribution of the self-queries and partner notifications.

Most of the 678 users were unmarried (536/678, 79.1%),
permanent residents (423/678, 62.4%), Han (648/678, 95.6%),
living in the local area for more than 2 years (518/678, 76.4%),
and had university-level education or above (447/678, 65.9%).
Most of the users were homosexual, however, a sizable
proportion (130/678, 19.2%) were bisexual MSM. In terms of
seeking sexual partners, most of the MSM always used the
Internet and some mobile apps to do so (555/678, 81.9%) instead
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of offline venues, such as gay bars, parks, bathrooms, and so
on. The proportions of MSM who were insertive only when
having anal sex versus those who had both insertive and
receptive roles were similar (273/678, 40.3% vs 250/678, 36.9%)
and were both higher than those who were receptive only
(155/678, 22.9%). Among the 678 users, 254 (37.5%) of them
had used the partner notification function (see Table 2).
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Table 2. Basic characteristics of the app users.
Characteristics

Total (N=678),
n (%)

Never used partner notification (self-query only)
(N=424), n (%)

Had used partner notifi- Chi-square (df)
cation (N=254), n (%)

MSMa (N=678)

678 (100)

424 (62.5)

254 (37.5)

Age (years)
<25

171 (25.2)

109 (25.7)

62 (24.4)

25-40

267 (39.4)

167 (39.4)

100 (39.4)

>40

217 (32.0)

139 (32.8)

78 (30.7)

Missing data

23 (3.4)

9 (2.1)

14 (5.5)

Marital status
Married

105 (15.5)

70 (16.5)

35 (13.9)

Unmarried

536 (79.1)

331 (78.1)

205 (81.3)

Divorced or widowed

32 (4.7)

20 (4.7)

12 (4.8)

Missing data

5 (0.7)

3 (0.7)

2 (0.8)

Registered residence
Permanent residents

423 (62.4)

245 (57.8)

178 (70.1)

Migrant

255 (37.6)

179 (42.2)

76 (29.9)

Ethnicity
Han

648 (95.6)

404 (95.3)

244 (96.1)

Minority

26 (3.8)

16 (3.8)

10 (3.9)

Missing data

4 (0.6)

4 (0.9)

0 (0)

Residence time in local area (years)
≤2

160 (23.6)

114 (26.9)

46 (18.1)

>2

518 (76.4)

310 (73.1)

208 (81.9)

Education
Junior high school or below

92 (13.6)

62 (14.6)

30 (11.8)

High school

139 (20.5)

85 (20.0)

54 (21.3)

University or college or above

447 (65.9)

277 (65.3)

170 (66.9)

Sexual orientation
Homosexuality

485 (71.5)

305 (71.9)

180 (70.9)

Heterosexuality

19 (2.8)

10 (2.4)

9 (3.5)

Bisexuality

130 (19.2)

82 (19.3)

48 (18.9)

Uncertain

44 (6.5)

27 (6.4)

17 (6.7)

Place for seeking sexual partners
Internet or software app

555 (81.9)

363 (85.6)

192 (75.6)

Offline venues (eg, bars and parks)

123 (18.1)

61 (14.4)

62 (24.4)

Sex role

a

Insertive only

273 (40.3)

162 (38.2)

111 (43.7)

Receptive only

155 (22.9)

110 (25.9)

45 (17.7)

Both

250 (36.9)

152 (35.8)

98 (38.6)

P value

0.1 (2)b

.94

0.9 (2)b

.64

10.2 (1)

.001c

0.007 (1)b

.93

6.8 (1)

.009c

1.1 (2)

.58

0.9 (3)

.83

10.7 (1)

.001c

6.2 (2)

.045c

MSM: men who have sex with men.

b

Missing data were not included in the test.
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Significant at P<.05.

Compared with the MSM who only used the self-query function,
MSM who had used the partner notification function were more
likely to be permanent residents (178/254, 70.1% vs 245/424,
57.8%, P=.001), be living in the local area for more than 2 years
(208/254, 81.9% vs 310/424, 73.1%, P=.009), and take on the
insertive role when having anal sex (111/254, 43.7% vs 162/424,
38.2%, P=.045). Though the Internet and mobile apps were the
main ways for seeking sexual partners, the proportion of MSM
in the partner notification group who sought sexual partners in
some offline venues was higher than that of the self-query-only
group (62/254, 24.4% vs 61/424, 14.4%, P=.001) (see Table
2).
Overall, 180 networks were constructed among 254 users with
at least two HIV test results (254/678, 37.5%) and other users
they connected with (see Figure 5). Though most of the networks
had just two nodes, there were still several larger networks; the
common feature of these networks was that they all had one

user with a high degree of centrality (ie, number of edges
connecting a node to other nodes in the network) requesting the
HIV status of other MSM. Some HIV-negative MSM frequently
requested the HIV status of other MSM; this occurred a
maximum of 55 times with 47 MSM involved. The MSM with
a high degree of centrality from almost all of the larger networks
were HIV negative. In addition, by using the app and forming
networks, we are able to not only achieve our purpose of
carrying out research on the 678 target users, but we can also
find the relationships among more MSM in addition to the target
MSM (see Figure 6, a). If we only focus on the connections
among the 678 MSM, there were only 43 networks formed by
109 users with at least two HIV test results (109/678, 16.1%).
However, based on the actual situation recorded by the app, this
could extend to 180 networks with 254 users with at least two
HIV test results and they could find more MSM that connect
with them (see Figure 6, b).

Figure 5. Networks formed by the app’s partner notification module.

http://mhealth.jmir.org/2020/2/e14457/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14457 | p.203
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Yan et al

Figure 6. Extension of men who have sex with men (MSM) users and the two-tier networks.

The median follow-up period for the 678 MSM was 5.05 months
(IQR 2.82-7.64). The cumulative HIV incidence was 6.75 per
100 person-years (95% CI 4.38-10.01). Of the 20
seroconversions, 6 MSM (30%) had used the partner notification
module while the other 14 MSM (70%) only used the self-query
module. No significant differences in HIV incidence were found
between MSM who had not used the partner notification module
(ie, who just used the self-query function) and MSM who had
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used it. The difference in HIV incidence among MSM with a
follow-up period of 5 months or less, or more than 5 months,
between the two groups was also not significant (see Table 3).
However, regardless of whether this module is used, longer
usage (ie, >5 months) of the app could reduce HIV incidence
compared with a follow-up of 5 months or less (incidence: 2.22
per 100 person-years vs 6.99 per 100 person-years; risk ratio
0.32, 95% CI 0.12-0.87, P=.03) (see Figure 7).
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Table 3. HIV incidence of app users.
Follow-up period

Total (N=678)

Never used partner notification Had used partner notifi- Risk ratio (95% CI) P value
(self-query only) (N=524)
cation (N=254)
(used vs never used)

Total
a

MSM (N=678), n (%)

678 (100)

524 (77.3)

254 (37.5)

Seroconversion, n (%)

20 (2.9)

14 (2.7)

6 (2.4)

Person-years

296.47

177.53

118.94

7.89 (4.73-12.52)

5.04 (2.37-9.81)

Incidence per 100 person- 6.75 (4.38-10.01)
years (95% CI)
≤5 months
MSM (N=678), n (%)

678 (100)

524 (77.3)

254 (37.5)

Seroconversion, n (%)

15 (2.2)

10 (1.9)

5 (2.0)

Person-years

214.48

130.83

83.65

7.64 (4.20-13.06)

5.98 (2.63-12.24)

Incidence per 100 person- 6.99 (4.26-10.95)
years (95% CI)
>5 months
MSM (N=678), n (%)

348 (51.3)

283 (41.7)

142 (20.9)

Seroconversion, n (%)

5 (1.4)

4 (1.4)

1 (0.7)

Person-years

225.01

131.36

93.65

3.05 (1.24-6.67)

1.07 (0.26-3.94)

Incidence per 100 person- 2.22 (0.98-4.55)
years (95% CI)
a

0.78 (0.27-2.29)

.65

0.52 (0.06-4.68)

.56

0.64 (0.25-1.66)

.36

MSM: men who have sex with men.

Figure 7. HIV infection risk between different periods of follow-up. RR: risk ratio.

Discussion
Principal Findings
The mHealth app with four modules seemed to be favored by
MSM. Over a 1-year project duration, the app reached 3186
MSM, of which 678 uploaded at least two HIV test results and
37.5% used the partner notification function. The partner
notification module provided a system connecting MSM and
the health center, which could enable the function of sharing
HIV statuses between potential sexual partners, after permission
was given, in a way that preserved privacy. Such a module can
enable partner notification before two MSM meet and have sex,
and it can minimize embarrassment and anxiety after meeting.
It is well aligned with the WHO’s guidelines for sensitivity and
confidentiality [23]. The test results self-query module enabled
MSM to get the approved test results in time and to seek further
guidance and intervention. In addition, the approved results
http://mhealth.jmir.org/2020/2/e14457/
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provided a trustworthy source of users’ HIV statuses when they
used the partner notification function, which was also aligned
with the Know Your Status theme of World AIDS Day 2018
[24]. The prompt and warning module and the health education
module are two important auxiliary modules that can protect
users from high-risk behaviors and teach users more skills in
HIV/AIDS prevention. Taking advantage of the rapid
development of the Internet and health-related mobile apps, this
app and the app-based intervention have been developed to be
much more convenient, user friendly, and cost-effective than
traditional methods, and is easier to implement; the app is an
expansion of the traditional behavior intervention mode, which
focuses on education [25,26].
Our study has explored a new method of partner notification
that could be implemented before high-risk sexual behaviors
occur. In 2016, the WHO’s evidence-based guidelines
recommended assisted HIV partner notification services. This
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refers to the assistance of consenting HIV-positive clients by a
trained provider to disclose their status or to anonymously notify
their sexual partners of their potential exposure to HIV infection
and offer voluntary HIV testing services. These notification
services could increase HIV testing among partners of
HIV-positive people and result in a high proportion of
HIV-positive people being diagnosed and linked to care
[14,27-30]. However, some limitations might challenge the
effectiveness of assisted partner notification: first, it attaches
importance to the notification after sexual behavior has occurred,
which might not prevent HIV transmission to the partners of
HIV-positive individuals; second, assisted partner notification
emphasizes the participation of health workers, which requires
more time, human, and economic resources, and HIV-positive
individuals might not be willing to cooperate [31,32]. Our
method of partner notification could overcome these limitations
to some extent. As well, two auxiliary modules of the app might
intensify the effect of partner notification and MSM’s sense of
healthy self-responsibility, which could facilitate the transition
from secondary prevention to primary prevention of HIV
transmission among MSM.

MSM with no or only one HIV test result. The connections
could be a process of expanding the reach of the intervention;
it would encourage the other MSM to adopt this mode and to
get regular HIV testing, which may increase the effect.

Based upon connections and communications among MSM,
the social networks were formed and analyzed to show the true
epidemiologic behaviors among MSM. The networks formed
by the partner notification connections could help find more
MSM and their connections, which are more real, objective,
and comprehensive than the connections found by traditional
observational or cohort studies. Some much bigger networks
were marked and the MSM with a high degree of centrality
were more active than the MSM they were connected with.
Though the MSM with a high degree of centrality were almost
all HIV negative in our study, their active behaviors might put
them at high risk of HIV infection; if they turned out to be HIV
positive, active sources of infection would emerge. Thus, the
MSM with a high degree of centrality in the network should be
given a targeted intervention. The network was not only the
reflection of the MSM’s connection, as peer pressure and peer
norms might also exist in social networks; several studies have
shown that relying on the connections and communications
among the members of the networks could promote behavior
change and reduce the risk of HIV transmission [33-35].
Therefore, the networks formed by true epidemiologic data
could be used to detect individual risk behaviors to make
targeted policies for HIV control among MSM.

Future Research Prospects

In this study, we were glad to find that the risk of HIV infection
was decreasing. The cumulative HIV incidence was 6.75 per
100 person-years (95% CI 4.38-10.01), which was slightly lower
than 7.1 per 100 person-years —the incidence of a cohort study
with an intensive preventive intervention for MSM in Beijing,
China [36]. The longer the app was used, the lower the risk of
seroconversion. More than 5 months of app usage could reduce
the HIV incidence to a much lower level of 2.22 per 100
person-years (95% CI 0.98-4.55), which was lower than the
reported incidence in most regions of China and showed the
potential effect of the app in reducing MSM’s HIV infection
risk [37]. In addition, the users of the app may naturally expand
the intervention to more MSM than expected. In our study, the
254 users with at least two HIV test results connected with more
http://mhealth.jmir.org/2020/2/e14457/
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Limitations
Though the app has good application values, several limitations
exist. We did not apply the intervention of HIV testing intervals
to users, so some users’ HIV testing intervals were too long to
truly reflect their current HIV status. For some MSM with
high-frequency sexual behaviors, the 3-month interval set in
the app’s prompt and warning module may be a bit longer. A
dynamic adjusted prompt and warning interval based on the
user’s social network and HIV testing frequency is needed in
the module. Another limitation was that, to some extent, the
follow-up period of the study was short so there may exist a
bias leading to misestimation of the HIV incidence. In addition,
the only health center in this study was limited in its capability
to provide enough services and spread the app to a much larger
MSM population in a short time, which was also less convenient
for MSM living in different cities.

In future research, the following improvements will be made:
1.

2.

3.

4.

5.

Improving the app functions to give more specific prompts
and health education and to set some limits in search and
match frequencies for app users with positive and unknown
HIV statuses.
A new HIV testing model will be introduced to the health
center to make the testing more convenient. In that model,
app users will make an appointment to receive the HIV
rapid test reagent kit from the health center, which can be
sent to their home. After self-testing, users need to take
photos of the test reagent kit and upload them through the
app interface. The health center staff will review the photos
and input the HIV status and date into the app system, which
can then be used for test result self-query and partner
notification.
More sexually transmitted diseases, such as syphilis,
hepatitis B, and hepatitis C, will be included in testing
services, the self-query module, and the partner notification
module to ensure maximum protection levels for MSM.
More health centers in additional cities will be included in
future studies to improve the convenience of testing
services. We will recruit a larger number of MSM
participants and increase the follow-up period to verify the
effect of the intervention via the app. A consolidated
database will be set up to collect and summarize the data
from different health centers and to make the self-query
and partner notification functions possible across health
centers and cities.
We will try to cooperate with some popular MSM dating
geosocial networking apps to attract more users and expand
the population that our intervention can reach.

Conclusions
To our knowledge, our study is the first of its kind to provide
an app to achieve mutual querying of HIV status between two
MSM before sexual behaviors, with the integration of HIV
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(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
testing, partner notification, health center services, and social
networks. We are optimistic that our app will be accepted by
MSM users and that it will promote partner notification and

Yan et al
reduce the risk of HIV infection. This app has the potential to
help health care policy makers make targeted policies for HIV
control among MSM.
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Abstract
Background: The Text4baby (T4B) mobile health (mHealth) program is acclaimed to provide pregnant women with greater
access to prenatal health care, resources, and information. However, little is known about whether urban African American and
Afro-Caribbean immigrant pregnant women in the United States are receptive users of innovative health communication methods
or of the cultural and systematic barriers that inhibit their behavioral intent to use T4B.
Objective: This study aimed to understand the lived experiences of urban African American and Afro-Caribbean immigrant
pregnant women with accessing quality prenatal health care and health information; to assess usage of mHealth for seeking
prenatal health information; and to measure changes in participants’ knowledge, perceptions, and behavioral intent to use the
T4B mHealth educational intervention.
Methods: An exploratory sequential mixed methods study was conducted among pregnant women and clinical professionals
for a phenomenological exploration with focus groups, key informants, interviews, and observations. Qualitative themes were
aligned with behavioral and information technology communications theoretical constructs to develop a survey instrument used.
repeated-measures pre- and post-test design to evaluate changes in participants’ knowledge, attitudes, and beliefs, of mHealth
and T4B after a minimum of 4 weeks’ exposure to the text message–based intervention. Triangulation and mixing of both
qualitative and quantitative data occurred primarily during the survey development and also during final analysis.
Results: A total of 9 women participated in phase 1, and 49 patients signed up for T4B and completed a 31-item survey at
baseline and again during follow-up. Three themes were identified: (1) patient-provider engagement, (2) social support, and (3)
acculturation. With time as a barrier to quality care, inadequate patient-provider engagement left participants feeling indifferent
about the prenatal care and information they received in the clinical setting. Of 49 survey participants, 63% (31/49) strongly
agreed that T4B would provide them with extra support during their pregnancy. On a Likert scale of 1 to 5, participants’ perception
of the usefulness of T4B ranked at 4.26, and their perception of the compatibility and relative advantage of using T4B ranked at
4.41 and 4.15, respectively. At follow-up, there was a 14% increase in participants reporting their intent to use T4B and a 28%
increase from pretest and posttest in pregnant women strongly agreeing to speak more with their doctor about the information
learned through T4B.
Conclusions: Urban African American and Afro-Caribbean immigrant pregnant women in Brooklyn endure a number of social
and ecological determinants like low health literacy, income, and language that serve as barriers to accessing quality prenatal
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health care and information, which negatively impacts prenatal health behaviors and outcomes. Our study indicates a number of
systematic, political, and other microsystem-level factors that perpetuate health inequities in our study population.
(JMIR Mhealth Uhealth 2020;8(2):e14737) doi:10.2196/14737
KEYWORDS
Text4baby; mHealth; pregnancy; text messaging; health information; prenatal health; disparities

Introduction
Poor Birth Outcomes in Brooklyn, New York
Women and children of color in Brooklyn, New York, suffer
inequities in health because of disproportionately higher rates
of adverse birth outcomes such as low birth weight (LBW) and
preterm birth. In 2014, the overall LBW (<2500 kg) rate for
Brooklyn was 8.2% compared with 8.5% for all of New York
City and 8.1% for the state of New York [1,2]. In 2012, the
national rate for LBW was at 7.99% [3]. African American
women have a 3 to 4 times higher risk than non-Hispanic/Latino
whites for adverse infant health outcomes such as LBW [4],
and according to Martins et al, infants born to non-Hispanic
black women have the highest rates of LBW (13.1%), 2 or more
times greater than that for infants born to women of other race
and ethnic groups [4].

The Role of Communication
Health communication researchers attest that the public health
community has a limited understanding of what health
communication can offer to the elimination of health inequities
[5]. Evidence shows that health communication can increase
the intended audience’s knowledge and awareness of a health
issue, problem, or solution; influence perceptions, beliefs, and
attitudes that may change social norms; prompt action;
demonstrate or illustrate healthy skills; reinforce knowledge,
attitudes, or behavior; show the benefit of behavior change;
advocate a position on a health issue or policy; increase demand
or support for health services; refute myths and misconceptions;
and strengthen organizational relationships [5].
However, Freimuth and Quinn assert that health communication
alone, without environmental support, is not effective at
sustaining behavioral changes at the individual level [6].
High-quality communication and a positive patient-provider
relationship are critical components of patient-centered quality
care [7]. Furthermore, engaged patients who communicate with
their providers are more likely to be treated with respect, receive
adequate health information, and engage in health behaviors
such as physical activity and healthy dietary behaviors [8,9].

Pregnant Women and Mobile Health
Mobile health (mHealth) has evolved as the branch of electronic
health broadly defined as the use of mobile computing and
communication technologies in health care and public health
[10]. It has over the last decade become a new tool used in the
delivery of health services for disease management and
prevention in a variety of health arenas and as an innovative
means to supplement traditional health communications
targeting doctors, nurses, patients, or even the lay population
[11].
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Available literature displays use of mHealth for smoking
cessation [12], physical activity [13], diet and weight loss [14],
and managing chronic disease such as diabetes [15]. mHealth
text messaging services (SMS) have impacted pregnant women
in a number of ways.
Research in Canada, Saudi Arabia, and Argentina show pregnant
women positively benefiting from the use of mHealth through
increased access to prenatal health services, improved
information-seeking behaviors, and has provided support
throughout pregnancy with increased prenatal health knowledge
and improved access to care [16-18]. Pregnant women or those
caring for their first child are highly likely to use mHealth to
increase their prenatal health information–seeking behaviors as
they have a stronger need and desire to obtain pregnancy- and
child health–related information [8,19,20].
Much of the current literature around mHealth for pregnant
women examines participants’ interests, acceptance, and the
feasibility of text messaging for improving perinatal and
postnatal care. For many immigrant populations, language and
speech are important factors of consideration for any health
communication endeavor either through providers or through
technology. A recent cross-sectional study in Germany
highlights the importance of culturally tailored text messaging
and the consideration of users’ health beliefs and health literacy
levels in message development [21]. Similarly, in a systematic
review, researchers underline the importance of the
accommodation of local languages and preferences in the
content of effective text messaging programs [22].
Dobson et al’s qualitative study corroborates the benefits of
culturally tailored mHealth programs for improved diet and
exercise in pregnant women [22]; the feasibility and
acceptability of a text messaging program aimed at smoking
cessation for pregnant women [16] demonstrates that high
acceptance and perceived feasibility of mHealth indicate a
willingness to use and benefit from such services.
These studies provide a framework for this work and depict the
need to first understand users’ perceptions, acceptance, and
overall intent to use mHealth for the purpose of accessing
prenatal health information.

Text4baby
Despite a high level of activity and interest around text
messaging apps, the documented evidence on their effectiveness
remains limited [23]. The Text4baby (T4B) program was
designed to offer support, improve health literacy, increase
expectations for successful pregnancy, build the knowledge and
skills to manage one’s own health, and prevent health risks by
avoiding behavioral risk factors including smoking and drinking.
Launched in 2012, it is a US mHealth information text
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messaging service led by the US Centers for Disease Control
and Prevention that sends free text messages to women who are
pregnant or have children younger than 1 year, providing them
with information and reminders to improve their health and the
health of their babies [17].
Research on T4B has focused primarily on the content and
frequency of the T4B messages in comparison with messages
from other pregnancy-related apps [17]. Enrollment and health
literacy among potential T4B participants have also been a focus
of T4B evaluation [24], along with its use to promote influenza
vaccination among pregnant women [18], and for the design of
interventions to improve physical activity in pregnant women
[25].
Evans et al [26] emerged as a seminal empirical investigator of
the impact of T4B on knowledge and behavioral outcomes of
pregnant women. The earliest research published was a pilot
study conducted with pregnant women in Fairfax County,
Virginia, who presented for care at their local health department
[17,27]. Through a randomized controlled trial (RCT), Evans
et al found increased odds of participants feeling prepared for
motherhood in those exposed to T4B versus normal prenatal
care [26,28]. In other works, Evans et al [26] conducted an RCT
of a group of military health service participants. Researchers
sought to evaluate differences in adequate use of prenatal care,
as defined by the Adequacy of Prenatal Care Utilization Index,
in T4B participants compared with participants not receiving
the T4B messages; however, others attest the study’s ability to
accurately measure true behavior change [27].
Effective health behavioral change programs should be guided
by strong theoretical models [29-32]. To date, few mHealth and
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text messaging studies have adequately incorporated the use of
theory to examine the impact, acceptance, feasibility, and
behavioral intent to use mHealth. The current landscape of
mHealth and T4B research using information technology (IT)
theories is limited [33]. There are many factors that can
influence the use of technology as a channel for prenatal health
information within low-income urban and immigrant
populations, and researchers strongly point to the need for
multidisciplinary frameworks that capture the complexities of
using mobile sources in health information behaviors [34].
Marton and Chun [35] demonstrate that an integration of
theoretical perspectives from the health sciences, social sciences,
communication, and information sciences research is necessary
to fully understand this complex behavior. This study will
leverage theoretically motivated constructs from research in
consumer behavior and health information and communications
technology to assess participants’ knowledge, attitudes, beliefs,
and behavioral intent to use T4B. Our research will add to the
current body of literature around T4B by first assessing its
impact on participants’ perceptions of its feasibility, acceptance,
compatibility, and usefulness. We seek to further fill empirical
gaps by utilizing theoretically motivated constructs to examine
our study populations’ intent to use the T4B program for
prenatal health information. This will allow practitioners and
program developers to predict the use of the T4B program in
this population to design better strategies that encourage its use
for maternal health education and risk communication in
ethnically, culturally, and socioeconomically diverse immigrant
communities in Brooklyn. Therefore, our research demonstrates
how theory and explicit testing of mediators can be used for
evaluations of T4B [36]. See Figure 1.

Figure 1. Screenshot of Text4baby messages.
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Theoretical Underpinnings
Previous works on the individual adoption of ITs have identified
that a number of consumer characteristics and perceptions
influence adoption of IT [13]. A recent systematic review of
consumer health technology acceptance research points to
studies that have assessed the effects of age, income, and
education on health technology acceptance; however, theoretical
constructs have not yet been fully considered in consumer health
technology acceptance studies [13,37]. A combination of the
Theory of Planned Behavior [38,39] and Technology
Acceptance Model was used to examine the influence of
participants’ subjective norms and perceived behavioral control
(attitudes and beliefs) on their ability and intention to use T4B
[40,41]. Constructs from Roger’s Diffusion of Innovation
Theory were also explored in identifying valuable predictors
for T4B intent [42]. In this research, our goal was to understand
what it is like to be an urban and/or immigrant pregnant woman
with accessing prenatal health care and information in Brooklyn,
New York, and to utilize behavioral and technology assimilation
of theoretical constructs in tandem with qualitative data to
develop a survey instrument to measure pregnant women’s
knowledge, perceptions, and behavioral intent to use the T4B
health communication program.
The overall purpose of this study was to test a maternal health
education intervention (T4B) to see if it improves access to
prenatal health care and information, improves prenatal
health-seeking behaviors in pregnant women, and determines
the likelihood that pregnant women in central Brooklyn would
adopt T4B as a viable channel for prenatal health information.
The underlying assumptions are that patients’ knowledge about
mHealth and T4B, their attitudes toward text messaging for
prenatal health, their subjective and normative beliefs about
prenatal health information sources, their perceptions on the
usefulness and compatibility of T4B, and factors such as
satisfaction and visibility of T4B will affect their acceptance of
and behavioral intent to use the T4B program for improved
access to prenatal and maternal health care and information.

Research Site
Study participants were recruited from the SUNY Downstate
Medical Center University Hospital located in the East Flatbush
section of Brooklyn, New York. East Flatbush is a community
located in the central region of Brooklyn with a population of
154,575 persons. A total of 88.00% (136,026/154,575) of the
population of East Flatbush is black, with 53% of residents born
outside the United States, and almost 10% are reported to have
limited English proficiency. In East Flatbush, 15.6% of live
births receive late or no prenatal care, and according to the NYC
Department of Health and Mental Hygiene, 1 in 8 births in this
population are delivered preterm. The Maternal Fetal Medical
Division of the Department of Obstetrics and Gynecology at
Downstate provides perinatal and gynecological services for
pregnant and nonpregnant black and Afro-Caribbean women.
This location was chosen because of its vastly diverse urban
and immigrant black population with migrants from a number
of Afro-Caribbean countries including Haiti; Trinidad; and
Jamaica, West Indies. Our research at this location offers an
opportunity to study different social and cultural perspectives
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from subgroups within the black community and how these
differences shape pregnant women’s experiences in Brooklyn,
New York. This site is also a location where scientists,
physicians, and researchers hold expertise in risk communication
of reproductive health issues, perinatal epidemiology, and
environmental exposure assessment specifically with the use
of biological markers. Geer et al, while characterizing important
environmental risk factors in our target population, have
indicated a need for further study and exposure reduction efforts
tailored specifically to this community [43]. Our research at
this site will expound the knowledge on innovative risk
communication and health promotion efforts that are most
suitable and receptive for the population of pregnant women.
The authors have chosen not to use a pseudonym for the research
site/research partner. Some scholars [44] agree that removing
identifying information erases important contextual information
that is valuable to the research. To not anonymize location of
the research recognizes that SUNY Downstate sits within
specific social, historical, cultural, environmental, geographical,
and symbolic moments and meanings [45].
The study and protocol were approved by the Institutional
Review Boards of the State University of New York Downstate
Medical Center. Each participant signed an informed consent
form before participation.
This study used multiple methods of inquiry including both
qualitative phenomenology and IT constructs to explore the
views of pregnant women in Brooklyn, New York, on prenatal
health care and text messaging programs such as T4B to inform
the development of a quantitative instrument to measure changes
in their knowledge, attitudes, beliefs, and intent to use T4B.

Methods
Overview
A sequential mixed approach [46] was used to first gain
knowledge about the experiences of urban African American
and Afro-Caribbean immigrant pregnant women with accessing
prenatal health care and prenatal health information at an urban
metropolitan health center in New York City. We also sought
to understand participants’ perceptions about the use of mHealth
and the T4B text messaging program as a source of prenatal
health information and resources. We then conducted a
repeated-measures pre- and post-test design study to measure
changes in participants’ knowledge, attitudes, and beliefs on
key prenatal health behaviors, perceptions, and intent to use the
T4B text messaging program.

Recruitment and Sampling
The sampling techniques for the qualitative phase were driven
by the study’s socioecological framework, which was used to
aid in the exploration and discovery of factors that serve as
barriers or facilitators of access to prenatal care and the use of
mHealth communications among pregnant women in this
community. Sample participants were pregnant women receiving
prenatal care and clinical providers of prenatal health care
services at SUNY Downstate. Various nonprobability sampling
techniques were used during the early phase of inquiry. We
used purposeful maximum variation sampling to recruit pregnant
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14737 | p.213
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participants who (1) were aged 18 to 45 years, (2) owned a cell
phone with text messaging capabilities, and (3) could
communicate fluently in English. Creswell and Plano Clark
[47] render that maximum variation sampling captures the
variation in experiences and perspectives from study
participants. They further specify that if participants are
purposefully chosen to be different at onset, then the variation
in views will be reflected and will provide a more
comprehensive picture of the phenomena under study [47]. We
also chose purposive sample for participants who were able to
communicate fluently in English as we found that participants
from our target population who were not proficient in speaking
or reading English showed difficulty in understanding consent
forms and pretest survey questions. Many patients at Downstate
who primarily spoke Haitian creole attempted to use a mobile
interpretation app to translate the survey but naturally were
unsuccessful. Therefore, we only recruited participants with
adequate English proficiency. Expert sampling is a type of
purposive sampling technique that is used as expert
elicitation—acquiring knowledge from professionals who
possess a particular expertise [48]. We used this form of
purposive sampling to select clinicians from the obstetrics and
gynecology clinic at Downstate Medical Center with experience
providing prenatal care services to our study population as key
informants to our study.
Their expert perspective helped broaden our scope of
understanding the experiences of pregnant women through the
eyes of both patients and providers.
A total of 22 participants agreed to be in the study; however, 9
women were successfully recruited and participated in 2 focus
groups, 1 one-on-one interview, and 2 key informant interviews.
For phenomenological research, Creswell et al [49] recommend
a range of 5 to 25 participants; Fitzgerald et al [50] recommend
a minimum sample size of 6. Our overall sample size of 9 falls
within the recommendations of these qualitative research
scholars. Moreover, 7 of the 9 participants were patients at the
clinic.
The 2 key informants were clinical staff yielding a total of 9
participants for the descriptive phenomenology. Participants
were directly approached by the study investigator while waiting
to be seen at the clinic. They were initially recruited to
participate in semistructured focus groups; however, difficulty
with coordinating and scheduling focus groups at the
convenience of the pregnant patients led to one-on-one in-depth
interviews with patients as an alternative for data collection.
Qualitative data collection took place from March 2016 to June
2016.
A standard demographic survey was completed during the
consent process to gather data on participant age, education
level, country of origin, race, ethnicity, insurance provider, and
marital status. A total of 2 discussion guides were created for
patients and providers to guide the focus groups and interviews
with open-ended questions and probes to introduce selected a
priori themes: (1) access and barriers to prenatal health care and
information; (2) health disparities and the built environment;
(3) cultural, familial, and social relationships; (4) knowledge,
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attitudes, beliefs, and use of mHealth and T4B; and (5) health
information–seeking behaviors and sources.

Qualitative Data Collection
Focus groups and one-on-one interviews with pregnant women
took place in a secured location at Downstate, and for
convenience, they were scheduled to coincide with patients’
prenatal visits. Key informant interviews took place at
informant’s offices. Interviews averaged between 60 and 90
min, with time allotted for refreshments for the pregnant
participants. Participants gave oral responses to the set of
open-ended questions. We completed a total of 2 focus groups
and 1 in-depth interview with patients and 2 separate key
informant interviews with providers. Data collection ended once
saturation was reached and no new information emerged as
interviews transpired. Interview data were triangulated with 3
patient observations in the natural setting of the clinic
environment. Participant observations offer researchers an
opportunity to gain a firsthand encounter with the phenomena
under interest rather than relying solely on a secondhand account
provided by participants [51]. We conducted 3 patient
observations in the clinic waiting areas during the data collection
phase. We observed patient engagement, attitudes, temperament,
and the receipt of prenatal health education provided from a
registered nurse educator from Downstate. Participants’
observation also permitted within-method triangulation and
increased validation of the dataset [51]. Care was taken to ensure
research ethics, protecting patients’ anonymity, confidentiality,
and respecting their wishes were met. Moms received a US $20
Target gift card and a round trip metro transit card (worth US
$5.50) as incentive. Participants provided written consent to
participate and agreed to be audio recorded during the
interviews.

Quantitative Data Collection
A convenience sample of 49 pregnant women was recruited
during standard visits to undergo the T4B mHealth intervention.
Inclusion criteria were the same for phases 1 and 2 to include
pregnant women receiving care at SUNY Downstate, aged 18
to 45 years, who owned a cell phone with text messaging
capabilities and were able to communicate in English.
Participants were recruited while waiting for care in either the
clinic triage area and while waiting to see the doctor after triage
or waiting to receive a sonogram. Thematic findings generated
from the qualitative analysis were aligned with constructs from
consumer behavior, communications technology, and diffusion
theories to develop a 32-item survey for a repeated-measures
test of perceived usefulness, perceived behavioral control, and
relative advantage of using T4B.
The instrument was a self-administered questionnaire that
leveraged the constructs from other validated instruments [27]
while also drawing on the suggested theoretical measures used
for research on technology acceptance [39,43], consumer
behavior [42], and mobile technology diffusion [33,52]. The
32-item survey is a composite of 8 scales representing 8
dependent variables and was administered as a pre-/post-test to
assess changes in participants’ perceptions regarding the
statements. Following consent, participants were invited to use
their mobile phones to enroll in the T4B program and partake
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in 2 surveys, 1 on the day of recruitment and a second follow-up
survey after a minimum of 4 weeks of receiving the text
messages. Recruitment for the quantitative phase took place
between October 2016 and March 2017 and continued on a
rolling basis until the minimum desired number of participants
was reached. Upon receiving consent, we administered the
pretest survey and then assisted participants to follow the steps
for signing up for T4B. After which, participants provided
contact information to be reached after 4 weeks to complete a
posttest survey during a subsequent prenatal visit. After a
minimum of 4 weeks, participants were contacted to coordinate
with their next prenatal visit to complete the follow-up survey.
The posttest survey was identical to the initial baseline survey
with the addition of 1 item to assess participants’ self-report of
actual reading of the text messages. Participants received a US
$20 gift card and a roundtrip transit card (worth US $5.50) for
their participation.

Quantitative Measures and Instrumentation
Attitudes Scale
This scale contained a battery of questions to assess participants’
attitudes regarding key prenatal health behaviors such as diets,
taking prenatal vitamins, smoking, drinking, and seeking
prenatal care and information through mHealth. Participants
were asked to rate their agreement with a series of statements
on a 5-point Likert scale of 1 to 5 from “strongly disagree” to
“strongly agree.” The scale contained 8 items. The minimum
possible score for the attitude scale was 8, and the maximum
score was 40. A higher score was a reflection of a more strongly
positive attitude toward the behavioral statements captured in
the items.
Beliefs Scale
The beliefs scale contained 2 items that measured participants’
subjective norm—the perceptions of family, peers, and persons
of influence—on the use of mHealth and T4B to obtain prenatal
health information.
The scale had a minimum score of 2 and a maximum score of
10. Variables specific to beliefs were adapted from previous
studies of behavioral factors influencing text messaging intention
[42]. Example belief variables included the following: “family
and friends who are important to me would welcome using
Text4baby for prenatal health information,” and they were
measured on a 5-point scale ranging from strongly disagree to
strongly agree.
Perceived Usefulness Scale
The perceived usefulness construct contained 6 items to assess
the degree to which participants perceived T4B to be useful to
them. The maximum score possible for the scale was 30.
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Participants were asked to rate their agreement with statements
such as “Info from Text4baby will help me ask more questions
to the doctors and nurses at the clinic” and “online sources are
useful for searching for prenatal health information.”
Perceived Ease of Use Scale (Behavioral Control)
A 7-item scale was used to measure participant’s perceived
behavioral control for using mHealth and if they find mHealth
easy to engage. With a maximum score of 35, example measures
included the following: “it is easy for me to get prenatal health
information on my mobile phone” and “I have all the skills and
knowledge I need to use the Text4baby program.”
Compatibility Scale
The compatibility scale was a 2-item scale that contained
questions to assess the degree to which participants utilize
mobile technology, particularly text messaging to communicate
throughout their daily lives. Measured on a 5-point Likert scale,
the compatibility scale asked questions such as “I communicate
regularly with friends and family through text messages.”
Relative Advantage Scale
We wanted to assess whether participants perceived T4B to be
advantageous to them for the purposes of acquiring prenatal
health information and resources. The relative advantage scale
containing 3 items was also measured on a Likert scale. Example
measures included “using Text4baby will allow me to reach
healthier prenatal health goals” and “Text4baby messages will
be a better source of prenatal health information for me.”
Visibility Scale
The lack of awareness or visibility of T4B was a huge concept
that was discovered during the qualitative phase of this study.
Many of the participants had not heard of T4B despite its
widespread promotion and local advertisement. We chose to
assess visibility with a 2-item scale that contained a battery of
questions to assess participants’ agreement on whether they
have seen or heard of others using T4B or if people they know
depend more on the internet and mHealth for health information.

Intent
Unlike other studies [33], we did not assess the strength of the
previously mentioned constructs in predicting participants’
behavioral intent to use T4B; however, we measured behavioral
intent using 2 items to determine the level of agreement with
statements such as “I plan to use Text4baby for prenatal health
care and information measured on a 5-point Likert scale of
‘strongly disagree’ to ‘strongly agree’.”
See Tables 1 and 2 for a description of survey questionnaire
components and corresponding alpha coefficients.
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Table 1. Questionnaire components by scale.

a

Scale

Item

Components measured

Theoretical origin

Response options

Attitude

1-8

Feelings on health behaviors like smoking, drinking, diet, TPBa
health care utilization

Strongly disagree–strongly agree

Perceived Usefulness

11-16

Intrinsic motivations to use T4Bb due to perceived benefits TAMc
of using

Strongly disagree–strongly agree

Perceived Ease of Use

17-23

Behavioral control and abilities to use text messaging for
prenatal health info

TPB, TAM

Strongly disagree–strongly agree

Compatibility

24-25

Perceptions whether text messaging and T4B fits into the
everyday lives

DOId

Strongly disagree–strongly agree

Relative advantage

26-28

Perceptions of the benefits of using T4B

DOI

Strongly disagree–strongly agree

Visibility

29-30

knowledge and awareness of T4B

DOI

Strongly disagree–strongly agree

Intent

31-32

Plans and intentions to use T4B

TPB, TAM DOI

Strongly disagree–strongly agree

TPB: Theory of Planned Behavior.

b

T4B: Text4baby.

c

TAM: Technology Acceptance Model.

d

DOI: Diffusion of Innovation Theory.

Table 2. Cronbach alpha coefficients for questionnaire by scale.

a

Scale

Alpha coefficient

Items, n

Mean scale ranka

Attitude scale

.661

8

—b

Beliefs scale

.883

2

4.08

Perceived Usefulness scale

.835

6

4.26

Perceived Ease of Use scale

.718

7

3.95

Compatibility scale

.806

2

4.41

Relative advantage scale

.880

3

4.15

Visibility scale

.193

2

—

Intent scale

.914

2

4.28

Mean rank on a scale of 1-5 strongly disagree–strongly agree analyzed by Wilcoxon sign rank test.

b

Not applicable.

Analysis
Qualitative Data Analysis
A total of 5 qualitative data sources were generated from the
focus groups and interviews. Audio recordings from each
interview were transcribed and uploaded using the NVivo
(version 11.0 QSR International) [53] qualitative data
management software. To ensure analytic rigor, we followed
Colaizzi’s 7-step phenomenological approach for extracting,
organizing, and analyzing our narrative dataset [54]. With this
approach, significant statements made by interviewees were
taken from the transcripts and grouped together to formulate
themes that describe key elements of experiencing the
phenomenon, or area being studied Creswell et al [49].
Significant statements are those most outstanding comments,
sentences, or quotes taken from participants that describe how
they experienced the phenomenon [54]. Subsequently, similar
significant statements are placed into clusters of meanings (or
themes).
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A total of 392 significant statements were extracted from 5
transcripts and broken into 9 a priori theme clusters. These
clusters of significant statements were then coded using coding
methods described by Miles et al [55] and analyzed to identify
emergent themes.

Quantitative Data Analysis
SPSS version 24 (IBM) was used to analyze the quantitative
dataset. The 32- items in the instrument were analyzed both as
single Likert-type items in which frequency distributions,
measures of central tendency, and variance were among the
descriptive statistics used to summarize the variables. The 7
subscales were also analyzed as composite Likert scales in which
nonparametric tests of comparison were run. Reliability of each
scale—defined as how well a set of items within a scale
measured the same underlying constructs—was determined
based on the internal reliability using Cronbach alpha coefficient
[56]. Changes in participants’ attitudes and perceptions as a
result of exposure to T4B messages between baseline and
follow-up were analyzed using a matched-pairs Wilcoxon
sign-ranked test. We chose this statistical test over a paired
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sample t test because of the ordinal nature of the Likert-type
subscales.

Results
Overview
A total of 58 participants were successfully recruited from the
OB/GYN clinic at SUNY Downstate Medical Center for this
study. Moreover, 9 participants, including 7 pregnant women
and 2 clinicians, participated in the qualitative phase, and 49
pregnant women participated in phase 2 and completed the
pretest and posttest surveys. The average age of the participants
(n=49) was 28 years. Approximately two-thirds (63%) of the

Blackwell et al
participants were US born, whereas the remaining were born
in either Trinidad and Tobago; Haiti; or Jamaica, West Indies
(36.7%). In addition, 15 participants (30.6%) reported that they
were married, and 65.3% of the participants reported not being
married or living with partner. Of the 38 participants, 38.8%
had a high school diploma or the equivalent general education
diploma, 20.4% attended technical school, and 14.3% reported
having a 4-year college degree. A high proportion (87.8%) of
participants had public health insurance such as Medicaid or
Family Health Plus, whereas 4.1% (n=2) of the participants
reported having private insurance through an employer. See
Tables 3 and 4 for demographic characteristics of focus group
and survey participants.

Table 3. Demographic characteristics of patients participating in focus groups and interviews.
Demographics

Value, n (%)

Maternal age
20-29

4 (57)

30-39

2 (29)

40-45

1 (14)

Maternal education
High school diploma or GEDa

3 (43)

Technical school

1 (14)

College, 4-year degree

3 (43)

Maternal ethnicity
African American

6 (86)

Hispanic

1 (14)

Maternal country of birth
United States

2 (29)

Jamaica

2 (29)

Haiti

2 (29)

Trinidad

1 (13)

Maternal marital status
Married

0 (0)

Not married

7 (100)

Maternal insurance type

a

Public

6 (86)

Private

1 (14)

GED: general education diploma.
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Table 4. Demographic characteristics of patients participating in the survey.
Demographics

Value, n (%)

Age (years; n=49)
<20

3 (6)

20-34

38 (77)

35+

6 (12)

Education (n=38)
Some high school

2 (4)

High school diploma or GEDa

19 (39)

Technical school

10 (20)

College, 4-year degree

7 (14)

Ethnicity (n=47)
African American

22 (45)

Caribbean West Indian

24 (49)

Other

1 (2)

US born (n=49)
Yes

31 (63)

No

18 (37)

Marital status (n=47)
Married

15 (31)

Single

32 (65)

Insurance (n=45)

a

Public

43 (88)

Private

2 (4)

GED: general education diploma.

Prenatal Experiences With the US Health Care System
A total of 3 major themes were garnered from the interviews
and observations: (1) inadequate patient-provider engagement,
(2) social support, and (3) acculturation. Our qualitative findings
showed that time served as a huge barrier impeding an adequate
level of engagement and communication between pregnant
women and clinicians at the Downstate prenatal health clinic.
Participants reported expending a large amount of
time—sometimes more than 4 and 5 hours from arrival to
departure waiting for prenatal care. This often left many of them
feeling frustrated, impatient, and with a poor temperament
regarding the care they receive. One participant described
dissatisfaction with her experiences, with waiting times for care
creating great amount of frustration with the prenatal health
system:
I get here earlier and then you’re still here until 1 in
the afternoon you know…Like…I don’t understand
that part…
Another participant chimed:
and after…being somewhere for 4 or 5 hours you just
wanna eat and go home

http://mhealth.jmir.org/2020/2/e14737/

XSL• FO
RenderX

This caused huge barriers in communication and engagement
between pregnant women and providers. During an observation
in the waiting areas, we noticed high levels of frustration marked
by signs of huffing and puffing, constant complaints,
restlessness, and high irritability, as captured in this observation
field note:
Patients were very irate with the wait time – says “its
miserable in here.” They report that the doctors are
very good and very thorough with providing
information and addressing concerns when asked but
having to wait so long; being pregnant, tired and
hungry made them very angry.
Participant 2 from focus group #2 described the actual amount
of time spent in the office with doctors as “like an assembly
line”:
I feel, every time I come here I’m drained...I’m
there...say the appointment starts from 10
o’clock...I’m there at 8 o’clock...and I’m still there
to 1 o’clock...hmp...just to see him for four minutes.
As patients are moved in and out so quickly, women felt as
though they are not given enough opportunity to speak with
their doctors and ask questions or given sufficient time to engage
with providers in a manner that leads to acquiring information
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or addressing any concerns they may have. They are reluctant
to engage. When asked about the relationship between
themselves and the doctor, the women in this study perceived
that “here…there’s so much of a rush…they don’t put too much
time in to do that.” Some participants expressed a desire for
clinicians to “be more communicative” and articulated
dissatisfaction with their care as captured in the following
statement:
Well I think the doctors need to be more…umm like
communicative with the patients, not just come and
then just check you and then {oh ok everything is fine
I will give you like another appointment like next
week}…that’s not good.
We found differences of perception between participants who
were either US born, who had migrated to the United States
less than 2 years, or within 5 years or greater. Discontent over
the quality of prenatal care and information received came
predominantly from younger participants, those born in the
United States, and those more acculturated. Notably, the
attitudes and experiences of participants who were newer
immigrants were much more positive. Potentially, their increased
exposure to the systematic and structural racism known to
perpetuate the US health care industry have led to such negative
perspective of their prenatal health experiences. With regard to
the prenatal care she receives, 1 participant who migrated more
recently expressed:
I’m from the Caribbean so…that seems like…top of
the class to me…I’m from Trinidad…so I am content,
it would too that I have never seen better than this.
So my experience would be different so to me its
ok…its great
During the key informant interviews, clinical providers
described the practices at Downstate and reported that immigrant
and pregnant women have a great deal of access to prenatal care
through various insurance programs such as New York State
Medicaid and other pregnancy assistance programs such as
Prenatal Care Assistance Program (PCAP), a prenatal care
program developed to provide comprehensive perinatal care to
low-income, high-risk pregnant women. Informants shared that
women migrated from various countries—many Caribbean and
African countries—presenting in their third term of pregnancy
and near delivery. One clinician explained:
Many walk in here straight off a plane. They’re far
gone in the pregnancy and then umm with NO
insurance.
There was emphasis on women appearing for services late in
the pregnancy for the provision of care despite the lack of health
insurance.
The provider also added:
We had a subset of patients who would travel here
from out of the country, they would come here and a
lot of them had their prenatal records, they would get
emergency Medicaid, deliver, have their postpartum
visit and then leave and go home
Social programs such as state Medicaid and PCAP make
provisions for women who are pregnant to qualify for access
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to prenatal care. However, although such programs facilitate
access to clinical prenatal care, we found that the women in our
study more importantly emphasized the social determinants of
prenatal health, including social systems and mHealth that
provided support and information and improved participants’
prenatal health-seeking behaviors.
Women noted that the advice, information, and support from
their circle of family, friends, and other pregnant women in
Web-based chat groups made them feel more prepared for
motherhood. For many women, the internet or other mHealth
apps were a major source of prenatal health information. In the
current age of mobile and digital technology, it is not surprising
that interviewees unanimously mentioned extensive use of the
internet, Google, and sites such as BabyCenter as primary go-to
sources for prenatal health information and also to fact-check
doctors. Participants were attracted to online forums and groups
for pregnant women “with whom participants could relate” and
communicate with to share and learn from others’ experience:
Sometimes you go in the chat rooms...you see people
doing their methods of what works...but...it gives you
something, it gives you a little more confidence too
sometimes...you know...just to see the same amount
of weeks or people going through the same symptoms
that I am...
Similarly, a second participant expounded:
Yea there’s this app called baby prep baby pregnancy
or something app, I have it on my phone...You talk to
people all over the world...and all you have to do is
put in your due date, they’ll like link you up with a
bunch of people who are in your time in your
pregnancy...and everybody have the same
similarities...you know going through the same thing
so you’ll feel more comfortable hearing from other
people...around your time or whatever but doctor
wise...I don’t know
There was a sense of trust, comfort, and pleasure with being
able to go online for information, and many of the participants
spoke of the increased access they have via their mobile phones.
The women showed strongly positive attitudes toward the use
of T4B and articulated that receiving push messages targeted
specifically to their stages of pregnancy as a benefit that would
even save them time from seeking information on their own.

Quantitative Findings
Attitudes and Beliefs Statements
In general, initial attitudes toward T4B and key prenatal health
behaviors were mostly neutral among pregnant women in the
study, as indicated by a mean rank score of 3.71 on the attitude
scale (alpha coefficient .661). A score of 4 would indicate
overall agreement. Survey results show that approximately 10%
of respondents neither agreed nor disagreed with the statements
on the scale. Approximately 84% of the participants strongly
agreed with the statement that eating 5 or more fruits and
vegetables per day is important to the health of their baby, which
reflect a 22% increase from pre- and post-test (P=.02). After
T4B exposure, there was a 26% increase in the amount of
women who strongly agreed that visiting their health care
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14737 | p.219
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
provider on a regular basis will help them be a healthy new
mother (P=.03). There was also a 38% increase (P=.03) between
presurvey and postsurvey in the proportion of participants who
strongly agreed that using T4B will help them to have more
support during pregnancy. During posttest, 51.0% of survey
respondents strongly agreed with the statement “text4baby will
help me to get new information about prenatal health” as
opposed to 39% during pretest—reflecting an increase of nearly
27%. Although many participants neither agreed nor disagreed
on whether relatives and those close to them would support the
use of mHealth and T4B (20%), after exposure results showed
a 12% increase in those who strongly agreed with that statement.

Perceived Usefulness and Perceived Behavioral Control
Statements
The perceived usefulness of T4B improved in survey
respondents after exposure to the text messages. Initially, a
moderate proportion of participants neither agreed nor disagreed
that the T4B messages will help to have a healthier pregnancy
(26.5%). During the same time, 28.6% of respondents strongly
agreed. However, at posttest, the proportion of participants who
strongly agreed increased to 46.9% (P=.02). These results
indicate a positive shift in attitude regarding T4B’s usefulness.
In contrast, strong agreement with the statement “online sources
are helpful for searching prenatal health information” declined
from initial testing to follow-up (from 46.9% to 40.8%). At the
same time, the proportion of respondents who neither agreed
nor disagreed increased from 6.1% to 14.3%, indicating a shift
to more neutral attitudes in the usefulness of T4B. The
proportion of women who believed that they find it easy to
receive prenatal health information on their mobile phone
increased slightly from 57.1% to 59.2%. In addition, the
proportion of women who strongly agreed that T4B messages
will allow them to have greater control over their prenatal health
care increased by 56% between pretest and posttest from 28.6%
of participants to 51% (P=.02). However, in contrast, there was
a slight increase in strong agreement that “I have the skills
needed to use Text4baby,” and there was an increase from 4%
to 14% in those having no opinion on that statement.
Approximately 10% of the women surveyed agreed that reading
English is sometimes difficult for them.

Compatibility, Relative Advantage, and Visibility
Statements
A large percentage (85%) of respondents either agreed or
strongly agreed with the compatibility of T4B messages by
self-reporting regular use and communication via text
messaging. A small portion (6%) either disagreed or strongly
disagreed with the statement “I communicate regularly with
friends and family through text messages,” suggesting high
usage of text messaging for communication and a strong
compatibility with T4B’s mode of disseminating information.
Participant’s perceptions about the relative advantage of using
T4B improved after receiving the T4B messages. Overall,
participants agreed (mean score 4.15) with the items on the
relative advantage scale. There were significant increases in the
proportion of respondents who strongly agreed with the
statement “using Text4baby will allow me to reach healthier
prenatal health goals” and the proportion of respondents who
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initially had no opinion, indicated by them neither agreeing nor
disagreeing with the statement decreased from 10% and 16%
before using T4B to 6.1% post T4B. T4B had low visibility
within our study participants. A small percentage (8.2%)
reported having seen or heard of someone using T4B. A larger
proportion of respondents neither agreed nor disagreed (30.6%)
and others either disagreed or strongly disagreed (24.5% and
16.3%, respectively) about having seen or heard of T4B use.

Behavioral Intent to Use Text4baby
Study participants largely reported their intent to use the T4B
program (rank score 4.28). A total of 47% and 46%,
respectively, agreed and strongly agreed that they plan to use
T4B for accessing prenatal health care and information.
Similarly, 91.8% of the participants strongly agreed to speak
more to their doctor about information they learn through T4B.

Discussion
Mixed Findings and Implications (for Research, Policy,
and Practice)
The number of mHealth educational interventions for pregnant
women is rapidly evolving, but research in this area—although
growing— is still limited. Before this study, there existed no
knowledge as to what determinants influenced T4B usage
intentions and if participants’ attitudes, beliefs, and perceptions
would improve as a result of receiving the text messages. There
are no studies that theoretically measure constructs of consumer
health behavior, technology acceptance, and diffusion to
conceptualize intent to use the T4B mHealth program. This is
the first study to examine changes in attitudes, beliefs, and
perceptions among urban African American and Afro-Caribbean
immigrant pregnant women after exposure to T4B, and it
provides novel insights by examining how T4B usage intentions
may be influenced by perceived usefulness, relative advantage,
perceived behavioral controls, and its compatibility within this
study’s population.
Despite the growing number of research endeavors investigating
mHealth and T4B [9,57,58], none have used a sequential
exploratory mixed methods design incorporating qualitative
phenomenology followed by repeated-measures pre-/post-test
design around T4B intervention. Our investigation revealed that
pregnant women often felt that the information they received
during prenatal visits was not adequate at meeting their health
communication needs; however, they believed that mHealth
and T4B could increase their access to health care and
information. When asked how receptive they were to using T4B
and receiving prenatal health text messages on their cellphones,
respondents replied:
I wouldn’t mind that cause...these phones now a days
who don’t have messages just popping up out of
everywhere; yea I think it great cause instead of like
going to google...and trying to type you just receive
a text and they tell you click the link I think it’s easier
Survey respondents were later asked to rate on a 5-point Likert
scale their level of agreement with the statement “Text4baby
will help me to get new information about prenatal health.”
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Although 51% of the participants strongly agreed, approximately
10% of the participants remained neutral after having received
the T4B messages. A 2012 study of pregnant women attending
public hospitals and antenatal care centers in Argentina found
that a vast majority (95.9%) of the women reported willingness
to receive SMS messages during pregnancy [59]. A study of
pregnant women and health care professionals also revealed
that pregnant women believed 3 SMS messages per week was
an appropriate and preferred dose of SMS message to receive
during pregnancy [9].
We found that pregnant women often placed greater value on
their social support system over clinical prenatal care services
for complete and quality care. This included family, peers, social
networks, and online communities for pregnant women and
government social programs such as the Woman, Infant, and
Children nutritional assistance programs. This was most notable
as many women expressed great dissatisfaction with the lack
of engagement they have with providers. Other researchers have
suggested that one potential explanation for improved outcomes
amongst pregnant black women is the provision of social
support, coping strategies, and stress reduction through group
prenatal care [60].
With regard to care and information, responds alluded to using
mHealth as a support to check information provided to them by
doctors:
I even look up certain things that I don’t feel that’s
right that the doctor, whatever the doctor say I look
it over just to make sure they not giving the wrong
information cause you know sometimes...people do
make mistakes...you know...but...but just to make sure
I’m ok and my baby’s is safe...I’ll look it over...do the
research...that’s...that’s what it’s about the internet
is everything for me lol.
Our findings extend prior research [61] which showed that
quality prenatal care must equally weigh on other nonclinical
factors, such as interpersonal care processes like attitude and
emotional support; and structure of care including access and
physical setting; and care provider characteristics as a part of
quality clinical prenatal care. Overall, our findings corroborate
with others to confirm high acceptability [16] and feasibility
[17] for T4B and similar text messaging interventions for
pregnant women. Given the high population of Afro-Caribbean
immigrants with limited English proficiency and multiple
dialects spoken, we believe that a tailored mHealth program
should be considered for this population to supplement access
to information and resources. Patient-centered approaches that
leverage partnerships between health care providers and
community-based organizations could provide patients with
access to culturally competent doulas and other community
health workers in a novel way to increase engagement, support,
and educational opportunities during pregnancy.

Future Implications
This research has a number of important implications for
research, policy, and practice around mHealth and T4B. First,
it provides a framework for more robust evaluation of the effects
of T4B in this population of pregnant women by fostering an
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examination and prediction of T4B use through an initial
assessment of patients’ knowledge and perceptions regarding
its use. Second, the study of consumer health behavior and IT
uses the factors associated with mHealth, and text message use
provides strategic targets for prevention and intervention through
the design of cogent strategies that encourage its use among
patients at Downstate.
New York State Department of Health is currently in year 3 of
a 5-year endeavor to redesign health care delivery systems for
residents in the State Delivery Systems Reform Incentive
Payment program. There is a renewed focus on nonclinical
social determinants of health and the provision of value-based
care by community health organizations that provide health
education and promotion services for people with low
socioeconomic status. This research implies opportunities for
health policy decisionmakers to further investigate, develop,
and implement nontraditional patient-centered prenatal health
care services that are better positioned to address the many
health, education, and communication barriers faced by low
income pregnant women in Brooklyn New York. This research
also implies the use of mHealth and text messaging to
communication environmental health and prenatal risk
assessment messages for women in Brooklyn; and for
environmental and population health surveillance as early
warning signs of emerging public health threats, and as
emergency information systems in natural disasters or pandemics
[36].

Strengths and Limitations
The strengths of this study include the robust survey; sampling
and analysis methods; and the triangulation of the qualitative
data with focus groups, key informants, and observations. In
addition, the development of a survey based on theoretically
driven constructs of technology acceptance, innovation
diffusion, and theory of planned behavior offers added strength.
There are a number of limitations to this study, namely, the
small sample size and the use of convenience sample, which
can introduce sampling biases such as nonresponse and selection
bias. This does not allow us to generalize to other populations
of pregnant women; however, results may be indicative to
similar urban and immigrant populations. The nature of pretest
and posttest designs can also introduce biases due to response
shift and maturation.

Conclusions
T4B is a text messaging program that provides prenatal care
messages to pregnant women and new mothers. It uses a
partnership model with health care facilities often serving as
local implementation partners [36]. Although mHealth
interventions have been proposed as effective solutions to
improve maternal and neonatal health [56], this study showed
that the use of mHealth for prenatal health information was
quite common, whereas internet searches, Google, and
pregnancy-related app usage was most widespread. Receiving
prenatal health electronic messages through texting is a positive
avenue and highly compatible to provide pregnant women in
central Brooklyn with information; however, more research
with a larger population and direct modeling of testing of the
theoretical constructs is needed to fully assess the perceived
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usefulness and relative advantage of T4B in this population.
Although there was moderate intent to use the T4B program
possibly because of its facilitation in women accessing
information, gaining more control, and reaching healthier

Blackwell et al
pregnancy goals, it is important that any mHealth endeavor
must first be designed and tailored with the inclusion of those
targeted to ensure that the messages and content are relevant
and for a specific place-based population.
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Abstract
Background: Previously incarcerated individuals have suboptimal linkage and engagement in community HIV care. Mobile
health (mHealth) interventions have been shown to be effective in addressing these gaps. In Washington, District of Columbia
(DC), we conducted a randomized trial of an SMS text messaging–based mHealth intervention (CARE+ Corrections) to increase
linkage to community HIV care and antiretroviral treatment adherence among HIV-infected persons involved in the criminal
justice system.
Objective: This study aimed to describe the SMS text messaging–based intervention, participant use of the intervention, and
barriers and facilitators of implementation.
Methods: From August 2013 to April 2015, HIV-positive incarcerated individuals were recruited within the DC Department
of Corrections, and persons released in the past 6 months were recruited within the community via street-based recruitment,
community partnerships, and referrals. Participants were followed for 6 months and received weekly or daily SMS text messages.
Formative research resulted in the development of the content of the messages in 4 categories: HIV Appointment Reminders,
Medication Adherence, Prevention Reminders, and Barriers to Care following release from jail. Participants could customize the
timing, frequency, and message content throughout the study period.
Results: Of the 112 participants enrolled, 57 (50.9%) were randomized to the intervention group and 55 (49.1%) to the control
group; 2 control participants did not complete the baseline visit, and were dropped from the study, leaving a total of 110 participants
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who contributed to the analyses. Study retention was similar across both study arms. Median age was 42 years (IQR 30-50), 86%
(49/57) were black or African American, 58% (33/57) were male, 25% (14/57) were female, and 18% (10/57) were transgender.
Median length of last incarceration was 4 months (IQR 1.7-9.0), and median lifetime number of times incarcerated was 6.5 (IQR
3.5-14.0). Most participants (32/54, 59%) had a baseline viral load of <200 copies/mL. Nearly all participants (52/57, 91%) chose
to use a cell phone provided by the study. The most preferred Appointment Reminder message was Hey how you feeling? Don’t
forget to give a call and make your appointment (19/57, 33%). The most preferred Medication Adherence message was Don’t
forget your skittles! (31/57, 54%), and 63% (36/57) of participants chose to receive daily (vs weekly) messages from this category
at baseline. The most preferred Prevention Reminder message was Stay strong. Stay clean (18/57, 32%). The most preferred
Barriers to Care message was Holla at your case manager, they’re here to help (12/57, 22%). Minor message preference differences
were observed among participants enrolled in the jail versus those from the community.
Conclusions: Participants’ ability to customize their SMS text message plan proved helpful. Further large-scale research on
mHealth platforms is needed to assess its efficacy among HIV-infected persons with a history of incarceration.
Trial Registration: ClinicalTrials.gov NCT01721226; https://clinicaltrials.gov/ct2/show/NCT01721226
(JMIR Mhealth Uhealth 2020;8(2):e16220) doi:10.2196/16220
KEYWORDS
criminal justice; incarcerated populations; HIV; acquired immunodeficiency syndrome; mHealth; anti-HIV agents; medication
adherence; retention in care; implementation science

Introduction
Background
In 2016, more than 6.6 million adults—or 1 in 38 in the United
States—were involved in the criminal justice (CJ) system [1].
The domestic CJ-involved population is disproportionately
impacted by HIV, with an estimated HIV prevalence of 1.3%
in correctional facilities [2]. In addition, people living with HIV
(PLWH) experience high rates of incarceration—an estimated
14% of all persons with HIV are released from a correctional
facility annually [3]. Although correctional facilities have been
identified as important venues for HIV testing [4-6], HIV
treatment [6,7], and reducing HIV-related health disparities [8],
PLWH experience poor outcomes along the HIV care continuum
after release from correctional facilities. A systematic review
illustrated that after release, PLWH had worse linkage to care,
retention in care, antiretroviral therapy (ART) receipt, and viral
suppression than during incarceration and compared with
nonincarcerated populations [9]. Recent evidence demonstrates
the utility of technology-based interventions to reach this
vulnerable population and to improve ART adherence [10,11].
Ownership of smartphones in the United States has greatly
increased from 35% in 2011 to 81% in 2019 [12]. However,
smartphone ownership varies by socioeconomic status. For
example, smartphone ownership was 71% among persons
earning less than US $30,000 per year compared with 95%
among persons earning more than US $75,000 per year [12].
Despite these variations, smartphone ownership is increasing
and has stimulated the development of mobile health (mHealth)
apps to address a wide range of health outcomes from postnatal
care [13] to the self-management of long-term illnesses, such
as diabetes [14].
A variety of mHealth interventions have been implemented to
address HIV/AIDS outcomes among PLWH [15]. Forrest et al
[16] proposed a framework that divides mHealth interventions
for HIV prevention and care into 3 groups: (1) patients (ie,
medication reminders); (2) health systems (ie, evaluation of
https://mhealth.jmir.org/2020/2/e16220
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HIV care delivery and data collection); and (3) populations (ie,
mass public health campaigns). However, to date
individual-level SMS text messaging remains the primary mode
of delivery [15]. A meta-analysis published in 2017 found that
interventions with SMS reminders significantly improved HIV
appointment attendance, ART adherence, and biological
outcomes (ie, CD4 count and HIV viral load) [17]. As a result,
there has been substantial interest in developing mHealth
interventions to improve HIV outcomes among high-risk
populations [18-28].

Objectives
The National Institute on Drug Abuse funded the Seek, Test,
Treat, and Retain (STTR) research initiative to improve the
identification, linkage, and engagement in care of HIV-infected
vulnerable persons [29]. Within this STTR initiative, 4 studies
evaluated mHealth interventions, and a summary of the
challenges using mobile phones has been previously reported
[10]. In this paper, we characterize the implementation barriers
and facilitators for developing an SMS intervention (CARE+
Corrections) among PLWH involved in the CJ system. To assist
with future SMS text messaging interventions in this population,
we report on lessons learned, share our SMS text message
library, discuss optimal timing and frequency of SMS text
messaging, and provide training materials to support the
introduction of smartphone technology.

Methods
Study Design
The CARE+ Corrections study was a randomized, controlled,
and longitudinal pilot study in Washington, District of Columbia
(DC), and it has been described in detail elsewhere [30-32].
Briefly, the study examined the feasibility and preliminary
efficacy of the CARE+ intervention among HIV-infected
persons with a history of incarceration. Recruitment occurred
in the DC Department of Corrections (DOC) facilities (housing
both men and women) and within the community via
street-based recruitment, community partnerships, and referrals.
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16220 | p.227
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Participants recruited in the DOC had anticipated release dates
within 6 weeks, whereas participants recruited in the community
had been recently released from a jail, prison, or halfway house
within the previous 6 months. Study participants were followed
for 6 months and outcomes of interest were linkage to HIV care,
and achieving HIV viral suppression. To be eligible to receive
the intervention, participants needed to pass a basic literacy test
to ensure they would be able to read the CARE+ SMS text
messages.

categories with 9 prewritten messages and the ability to
customize a message within each category. (See Multimedia
Appendix 1 for the full SMS text message library.) We
addressed the following 4 content categories.

The CARE+ intervention was delivered to study participants
randomized to the intervention arm and included 2 components:
(1) a one-time computerized counseling session called CARE+
Corrections, which was adapted for CJ populations from the
CARE+ tool [33,34]; and (2) an SMS text messaging
intervention (CARE+ Corrections SMS) that was delivered to
study participants in the community. Focusing on the second
component in this paper only, CARE+ Corrections SMS
comprised daily or weekly scheduled SMS text messages
delivered to a cell phone.

Medication Adherence

Participants were offered the choice of using a basic Android
smartphone provided by the study with SMS capability or a
monthly US $25 reimbursement to cover texting expenses if
they preferred to use their own SMS texting–capable phone.
Study phones were provided at no cost to participants (further
information about the cell phone plans are detailed elsewhere)
[10]. Each participant was allowed 1 replacement phone during
the course of the study to account for lost or stolen phones. If
a phone was broken and it was deemed not the participant’s
fault, that is, a software problem, the participant received a new
phone, and this was not considered to be part of the
one-replacement-phone policy. If participants lost their
replacement phones, they were encouraged to find another phone
to use for the duration of the study and were provided the
monthly US $25 reimbursement.

Messages focused on areas participants may need help with
when leaving the correctional system, such as finding housing,
employment, etc. This category was adapted from the formative
work to include specific resources found in Washington, DC,
eg, providing the actual phone number of the office that helps
returning citizens find employment within the message.

Study staff set up the SMS intervention on participant’s cell
phones using an SMS platform website and completed a
registration form that included the participant’s new phone
number (or existing one if using their own phone), a
participant-chosen nickname (real names were not used to
protect privacy of participants), and SMS text message
preferences on content and frequency. If participants wanted to
make changes to their SMS plan during follow-up visits, a
follow-up form was completed by study staff on the SMS
platform website.

SMS Content Development
Formative work conducted in Washington, DC, and Providence,
Rhode Island, informed the content of the CARE+ Corrections
SMS text messages [30]. The final SMS library included 4

https://mhealth.jmir.org/2020/2/e16220

XSL• FO
RenderX

HIV Appointment Reminders
Messages focused on reminding participants to attend their
prescheduled HIV care appointment or reminded participants
to schedule a new appointment.

This comprised message reminders to take their HIV
medications. Messages varied from highlighting the importance
of medications to, keep your body strong and healthy to reaching
out to caseworkers to ask for help with medication adherence.

HIV Prevention Reminders
Participants chose to receive a message on safe sex practices or
tips and mantras to avoid substance use.

Barriers to Care

CARE+ Corrections study staff worked with an SMS vendor
(Dimagi, Cambridge, MA) to create an SMS platform for
automated text messaging. The initial SMS platform delivered
messages from all 4 content areas in a single message thread at
a preset frequency and in a single communication. Before study
initiation, study staff members conducted pilot testing of the
platform and concluded that greater flexibility in the frequency
of messaging was required. Staff members indicated that
receiving all messages in a single thread led to message fatigue
and content was often overlooked, given multiple messages
needed to be read at the same time. In response to this feedback,
the SMS vendor was able to adapt the platform to allow
participants to choose the frequency of messaging (daily versus
weekly), timing of messaging (eg, am or pm), and ability to
change messaging content in each category (Table 1), with slight
variations in 2 message content categories: HIV Appointment
Reminder and Barriers to Care.
Frequency for the HIV appointment reminder message depended
on the date of the participant’s appointment and the Barriers to
Care message was only available once per week to participants
during the first month of the intervention or, if reincarcerated
during the study period, 1 month following reentry into the
community.
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Table 1. SMS message content details, customization, time options, and frequency.
Message category

Able to write own
custom text message

Time options

Able to customize text message frequency options

Able to change options during follow-up

•
•
•
•
•
•

8:00 am Xb
10:00 am
Message sent on the basis of appointment date: 19, 14, 7, 3,
12:00 pm
2, and 1 day before HIV appointment date
2:00 pm
5:00 pm
8:00 pm

✓

✓

•
•
•
•
•
•

8:00 am ✓
10:00 am Choice of daily or weekly option
12:00 pm
2:00 pm
5:00 pm
8:00 pm

✓

Prevention reminder ✓

•
•
•
•
•
•

8:00 am ✓
10:00 am Choice of daily or weekly option
12:00 pm
2:00 pm
5:00 pm
8:00 pm

✓

✓

X

HIV appointment re- ✓a
minder

Medication adherence

Barriers to care

X

X

Message sent weekly during the first month of the intervention
or if reincarcerated, one month following reentry into the
community
a

✓: Yes, participants were able to customize this area

b

X: No, participants were unable to customize this area.

Data Analysis
We generated descriptive statistics (eg, frequency, mean, and/or
median) of characteristics of study participants in the
intervention arm and their message preferences (content, time,
and frequency) throughout the study using SAS version 9.4
(SAS Institute Inc, Cary, NC, USA).

Human Subjects Review
The George Washington University and The Miriam Hospital
Institutional Review Boards approved the CARE+ Corrections
Study and the US Office of Human Research Protections
reviewed it.

Results
Demographics
Of 219 persons assessed for eligibility, 112 (51.1%) were
enrolled and randomized. Of those enrolled, 57 (50.9%) were
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randomized to the CARE + Corrections intervention group and
55 (49.1%) to the control group; two control participants did
not complete the baseline visit, and were therefore dropped from
the study, leaving a total of 110 participants who contributed
to the analyses. Study retention was similar across both study
arms. Although 41 of 110 (37.3%) experienced reincarceration
during the 6-month follow-up period, 96 of 110 (87.3%)
completed all three study visits. This paper will focus on the
experience of the 57 individuals randomized to the intervention
group (Table 2).
Most participants (37/57, 65%) were enrolled in the community
after recent release from a correctional facility. The median age
was 42 years (IQR 30-50). Most (49/57, 86%) were black or
African American and male (33/57, 58%), with 25% (14/57)
being female and 18% (10/57) being male-to-female
transgender. The participants’ median length of last incarceration
was 4 months (IQR 1.7-9.0), and the median number of times
of being incarcerated throughout their lifetime was 6.5 times
(IQR 3.5-14.0).

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16220 | p.229
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Uhrig Castonguay et al

Table 2. Characteristics of intervention arm (n=57) at baseline.
Characteristic

Values

Enrollment location, n (%)
Community

37 (65)

District of Columbia Department of Corrections

20 (35)

Gender, n (%)
Male

33 (58)

Female

14 (25)

Transgender (male to female)

10 (18)

Race/ethnicity, n (%)
Non-Hispanic black/African American

49 (86)

Non-Hispanic white

2 (3)

Other

6 (11)

Age (years), median (IQR)

42 (30-50)

Sexual orientation, n (%)
Heterosexual or straight

45 (78)

Homosexual, gay, or lesbian

6 (11)

Bisexual

6 (11)

Education, n (%)
≤High school

49 (86)

>High school

8 (14)

Housing stability, n (%)
Stable

45 (79)

Unstable

12 (21)

Drug dependence (Texas Christian University score)a, n (%)
No (9-11)

25 (44)

Yes (12-18)

32 (56)

Ever injection drug use , n (%)
No

47 (82)

Yes

10 (18)

Injection drug use in the 3 months before last incarcerationb, n (%)
No

6 (60)

Yes

4 (40)

Ever noninjection drug use, n (%)
No

9 (16)

Yes

48 (84)

Noninjection drug use in 3 months before last incarcerationc, n (%)
No

15 (31)

Yes

33 (69)

Depressive symptoms (Center for Epidemiological Studies Depression Scale-10) , n (%)
No

29 (51)

Yes

28 (49)

Length of last incarceration (months), median (IQR)
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Characteristic

Values

Number of times in jail/prison, lifetimec, median (IQR)

6.5 (3.5-14.0)

Study baseline viral loadd, n (%)
<200 copies/mL

32 (59)

≥200 copies/mL

22 (41)

Cell phone choice , n (%)

a

CARE+ phone

52 (91)

Personal phone

5 (9)

12 months before last incarceration.

b

Among 10 participants reporting ever injection drug use.

c

Among 48 participants reporting ever noninjection drug use.

d

Among 54 participants.

Implementation Logistics at Study Start-Up
Cell Phone Logistics
Most participants (52/57, 91%) chose to use a cell phone
provided by the study (Table 2); of those participants, nearly
two-thirds (35/52, 67%) required a replacement phone during
the follow-up period. Most replacement phones (30/35, 86%)
were provided because of reported loss or theft of the phone.
Only 14% (5/35) of replacement phones were provided because
of a faulty phone and did not count toward the participant’s
one-replacement-phone policy. At the end of the study,
participants were asked to return their study phones; however,
more than 90% (47/52) of participants kept the phone provided
by the study (they reported not having their phone at the final
visit).

Service Interruptions and Billing/Overage Issues
As nearly two-third of the phones provided by the study had to
be replaced because of loss or theft, many were left without
service while waiting for a replacement phone. In addition,
reincarceration led to service disruptions. To avoid intervention
interruptions because of phone issues, study staff had regular
clinic hours in a known location throughout the duration of the
study and participants knew to drop-in regarding any issues
with phones. Furthermore, participants knew which community
partners were affiliated with the CARE+ study, and study staff
would receive calls from participants at these community partner
locations to schedule appointments for phone replacements.
We used a pooled minutes cell phone plan, in which all phone
lines shared available minutes, to account for some participants
using more minutes and others less. Using this model, the study
never went over its total allotted monthly minutes. Several
participants exceeded their monthly minute allotments, and if
the amount was significant, study staff would call the participant
and review the participant’s cell phone plan. In 2 instances,
participants used smartphone services that incurred additional
fees (eg, downloading apps and calling 411 for information).
In both cases, study staff worked with participants to call one
of the community partners instead for information and inform
participants that downloading apps on the study phone was not
allowed. In addition, study staff worked with the phone carrier
to limit the downloading of apps on study phones.
https://mhealth.jmir.org/2020/2/e16220
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Mobile Health in an Older Population
As the median age of CARE+ Corrections participants was 42
years, study staff recognized that cell phone training for
smartphones would be required for some study participants.
During the initial session, study staff assessed participants’
knowledge and ability in using the smartphones provided by
the study and found that the majority of participants required
1-on-1 training before the initiation of the intervention. Study
staff developed a 5- to 10-min cell phone training module that
was delivered during the baseline visit (see Multimedia
Appendix 2). The training module was interactive and included
instructions on how to turn the phone on and off, entering
information for contacts, opportunities to practice sending SMS
text messages and making telephone calls, and instructions for
using the talk-to-text option. We provided ongoing support at
all follow-up appointments, including reviewing the training
again at in-person visits.

Participant Preferences: Message Content and
Preferred Frequency
Participants had the option of customizing the content, timing,
and frequency of the SMS text messages by the 4 topic areas.

HIV Appointment Reminder Message Preferences
The most popular message chosen at baseline for the HIV
appointment reminder message (see Table 3) was, Hey how you
feeling? Don’t forget to give a call and make your appointment
(19/57, 33%), followed by Don’t forget your appointment – it’s
important (11/57, 19%) and You’re worth it – remember your
clinic appointment (8/57, 14%).
A total of 3 participants created custom message content at
baseline, such as, Dr. [name] on [date] (see Multimedia
Appendix 3 for other custom messaging). The most popular
message time chosen at baseline was 8:00 am (20/57, 35%),
followed by 12:00 pm (12/57, 21%). During follow-up, 28%
(16/57) and 14% (8/57) of participants made changes to message
content and time, respectively. The most popular message
content changes during follow-up were to choose, Don’t forget
your appointment – it’s important (5/17, 29%) and Your health
comes first – go to your appointment (5/17, 29%). The most
popular message time changes during follow-up were to choose
8:00 am (3/9, 33%) and 10:00 am (3/9, 33%).
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Table 3. HIV appointment reminder messaging.
Messaging options, HIV appointment reminder

Values, n (%)

Message content
Hey how you feeling? Don’t forget to give a call and make your appointment a

19 (33)

Don’t forget your appointment – it’s important

11 (19)

You’re worth it – remember your clinic appointment

8 (14)

Your doctor wants you to come to your appointment

5 (9)

Your health comes first – go to your appointment

4 (7)

Your doctors are here to help you –go to your appointment

4 (7)

Custom message content

3 (5)

Call your case manager – he/she can help you get to clinic

2 (4)

Going to the clinic helps you stay healthy

1 (2)

Can’t remember when your next appointment is? Call the clinic to find out

0 (0)

Total

57 (100)

Message time

a

8:00 am

20 (35)

12:00 pm

12 (21)

10:00 am

11 (19)

5:00 pm

6 (11)

2:00 pm

4 (7)

8:00 pm

4 (7)

Total

57 (100)

Italics indicate the 3 most popular messages and 2 most popular message time options at baseline.

Medication Adherence Message Preferences
The most popular message chosen at baseline was Don’t forget
your skittles! (31/57, 54%), followed by, Meds keep your body
strong and healthy (10/57, 18%) and Hey, take your vitamins!
(7/57, 12%; Table 4).
A participant created a custom message at baseline and wanted
us to include a smiley face within the message, Hey [name]
don't forget those mones! :) The most popular message times
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chosen at baseline were 10:00 am (17/57, 30%) and 8:00 am
(15/57, 26%). At baseline, most participants chose daily message
frequency (36/57, 63%). During follow-up, 21% (12/57), 18%
(10/57), and 14% (8/57) of participants made changes to
message content, time, and frequency, respectively. The most
popular message content change during follow-up was to create
custom message content (3/12, 25%). The most popular message
frequency change during follow-up was from weekly to daily
(7/8, 88%).
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Table 4. Medication adherence messaging.
Messaging options, medication adherence

Values, n (%)

Message content
Don’t forget your skittles! a

31 (54)

Meds keep your body strong and healthy

10 (18)

Hey, take your vitamins!

7 (12)

You got to play to win. So don’t forget your meds

3 (5)

The best way to stay healthy is to take your meds on time and the right way

2 (4)

Give meaning to your life … Now!

2 (4)

Custom message content

1 (2)

Your meds may not work anymore if you forget to take them

1 (2)

Adherence to meds means taking the right dose at the right time

0 (0)

Call your case manager—he/she can help you find ways to remember to take your meds

0 (0)

Total

57 (100)

Message time
10:00 am

17 (30)

8:00 am

15 (26)

8:00 pm

14 (25)

5:00 pm

4 (7)

2:00 pm

4 (7)

12:00 pm

3 (5)

Total

57 (100)

Message frequency

a

Daily

36 (63)

Weekly

21 (37)

Total

57 (100)

Italics indicate the 3 most popular messages, 2 most popular message time options, and most popular message frequency option at baseline.

Prevention Reminder Message Preferences
The most popular message chosen at baseline was, Stay strong.
Stay clean (18/57, 32%), followed by Safe sex is important. Use
a condom (8/57, 14%) and Be smart. Use a condom (7/57, 12%;
Table 5).
A total of 2 participants created custom content at baseline (see
Multimedia Appendix 3). For 1 participant, the custom message
of Keep your eyes on your own work was a saying his father
used often to help the participant remember to stay focused on
what matters.
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When the messages were categorized as substance use
prevention, safe sex, or custom content, most participants (31/57,
54%) chose substance use content. The most popular message
times chosen at baseline were 8:00 am (13/57, 23%) and 8:00
pm (12/57, 21%). At baseline, most participants chose weekly
message frequency (31/57, 54%). During follow-up, 26%
(15/57), 28% (16/57), and 18% (10/57) of participants made
changes to message content, time, and frequency, respectively.
The most popular message time change during follow-up was
to 10:00 am (7/18, 39%). The most popular message frequency
change during follow-up was from weekly to daily (9/13, 69%).
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Table 5. Prevention reminder messaging.
Messaging options, prevention reminders

Values, n (%)

Message content
Stay strong. Stay clean a,b

18 (32)

Safe sex is important. Use a condom c

8 (14)

Be smart. Use a condom c

7 (12)

One day at a time. Just for today, don’t useb

6 (10)

Did you read “Get your Freak on for Dummies”—it says you must wear a rubber!c

5 (9)

Staying clean is most important. Call your case manager for helpb

4 (7)

If you are using, you may forget your medsb

3 (5)

Don’t forget to wrap it or don’t give it up!c

3 (5)

Custom message content

2 (4)

Protect yourself and your partner. Use a condomc

1 (2)

Total

57 (100)

Message time
8:00 am

13 (23)

8:00 pm

12 (21)

2:00 pm

11 (19)

10:00 am

10 (18)

5:00 pm

7 (12)

12:00 pm

4 (7)

Total

57 (100)

Message frequency

a

Weekly

31 (54)

Daily

26 (46)

Total

57 (100)

Italics indicate the 3 most popular messages, 2 most popular message time options, and most popular message frequency option at baseline.

b

Substance use prevention content.

c

Safe sex content.

Barriers to Care Message Preferences
The most popular messages chosen at baseline for the Barriers
to Care messaging (Table 6) were Holla at your case manager,
they’re here to help (12/57, 21%), Hey! Stay linked to your
clinic so you can get your meds and care (9/57, 16%), Get help
for your housing: call (XXX) XXX-XXXX [Local CBO that helps
with housing] (9/57, 16%), and Check on job and training
programs today (9/57, 16%).
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More participants chose to create custom content for this
message category compared with the other categories (see
Multimedia Appendix 3). For example, a custom message, Hey
don’t forget your parole appointment on [date], highlighted the
importance of incarceration-related priorities and other custom
messages focused on positivity, such as Keep hope alive!, We
love you! and Stay positive! The most popular message times
chosen at baseline were 10:00 am (17/57, 30%) and 8:00 am
(16/57, 28%).
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Table 6. Barriers to care messaging.
Messaging options, barriers to care

Values, n (%)

Message content
Holla at your case manager, they’re here to help a,b,c

12 (21)

Hey! Stay linked to your clinic so you can get your meds and care b

9 (16)

Get help for your housing: call xxx-xxx-xxxx b,c

9 (16)

Check on job and training programs today c

9 (16)

Remember to get a case manager: call xxx-xxx-xxxx

7 (12)

Custom message content

5 (9)

Get help getting your entitlement/insurance programs: call xxx-xxx-xxxx

3 (5)

Can’t get your prescriptions? Call your clinic or case manager

2 (3)

Need a ride to your appointment? Call your case manager at xxx-xxx-xxxx

1 (2)

Call transportation services so you can get to your clinic visits: call xxx-xxx-xxxx

0 (0)

Total

57 (100)

Message time

a

10:00 AM

17 (30)

8:00 AM

16 (28)

2:00 PM

10 (18)

8:00 PM

7 (12)

5:00 PM

4 (7)

12:00 PM

3 (5)

Total

57 (100)

Italics indicate the 3 most popular messages and 2 most popular message time options at baseline.

b

The 3 most popular message content options among those enrolled in the community.

c

The 3 most popular message content options among those enrolled in the District of Columbia Department of Corrections.

Results by Enrollment Site
There were minor differences in message preferences between
those enrolled in the community (released from a correctional
facility within the last 6 months) versus those enrolled in the
DC DOC. For the prevention reminder messaging, the most
popular messages chosen at baseline among those enrolled in
the community were Stay strong. Stay clean (9/37, 24%), Safe
sex is important. Use a condom (5/37, 14%), Be smart. Use a
condom (5/37, 14%), and One day at a time. Just for today,
don’t use (5/37, 14%). The most popular messages chosen at
baseline among those enrolled in jail were Stay strong. Stay
clean (9/20, 45%), Safe sex is important. Use a condom (3/20,
15%), and Did you read “Get your Freak on for Dummies”—it
says you must wear a rubber! (3/20, 15%). Among the barriers
to care messages, the most popular messages chosen at baseline
among those enrolled in the community were, Holla at your
case manager, they’re here to help (8/37, 22%), Hey! Stay linked
to your clinic so you can get your meds and care (7/37, 19%),
and Get help for your housing: call (XXX) XXX-XXXX (5/37,
14%). Participants enrolled in the jail were more likely to choose
Check on job and training programs today (5/20, 25%), Holla
at your case manager, they’re here to help (4/20, 20%), and
Get help for your housing: call (XXX) XXX-XXXX (4/20, 20%).
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Discussion
Principal Findings
HIV-infected individuals with a history of incarceration
represent a vulnerable community in need of innovative
interventions to address many barriers to HIV care and
adherence to ART. We were able to implement an SMS-based
intervention and report lessons learned for implementation and
message preferences. This knowledge will be invaluable to
others delivering SMS interventions in this vulnerable
population.

Lessons Learned
As reported elsewhere [10], challenges implementing mHealth
technologies for CJ-involved population include service
interruptions, billing/overage issues, and users’ experience with
an SMS text messaging platform that is automated. Adding to
this knowledge, during implementation of CARE+ SMS, we
learned the following: (1) the importance of pilot testing the
intervention and adapting the intervention for the population;
(2) cell phone implementation considerations; and (3) providing
an array of message delivery preferences (ie, frequency and
timing).
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Pilot Testing and Adapting to Your Population
The study team saw huge improvements to the CARE+
Corrections intervention after pilot testing the intervention.
Recognizing the significance of customization (ie, timing and
frequency) of messaging to avoid message fatigue, the study
team was able to make changes to the SMS platform before
intervention implementation to provide study participants more
flexibility.
Adapting the SMS text message library to accurately reflect the
common experiences for the population was essential. For
example, study participants were more likely to choose a
substance use message versus the safe sex message under the
Prevention Reminder category. This reflected what has been
previously observed among incarcerated persons facing a 3- to
8-fold increased risk of drug-related death, 1 to 2 weeks
following release compared with 3 to 12 weeks following release
[35]. Future interventions should review the literature, engage
with community-based organizations (CBOs), and conduct
formative research with the population to inform message
development to identify unique barriers and resources for the
population of interest.
In addition, as our study population was older, adapting the
implementation strategy to meet the needs of older participants
was essential to effective implementation of the SMS text
message plan. On the basis of previous literature [10,36,37],
we recognized that additional cell phone training would be
required for some study participants and developed a simple
in-person training (see Multimedia Appendix 2). This was
consistent with previous literature, in which a 2016 review of
designing, implementing, and evaluating mHealth solutions
among older adults highlighted the importance of ease of use
of the mobile platform and an understanding of technical literacy
of the user [38]. Furthermore, in-person contact helped to
facilitate familiarizing the older population with mobile
platforms. In our study, participants received 1-on-1 support
with the initial setup of the CARE+ SMS program during their
baseline visit. Another option for future mHealth interventions
among older populations would be to use YouTube videos to
further build rapport among study participants and build mobile
skills [39].

Cell Phone Implementation Considerations
The Android smartphones provided by the study were highly
desirable; however, participants’ chaotic personal environments
impacted smartphone retention. Most CARE+ participants opted
to receive the phone provided by the study; however, most
required a replacement phone and almost all kept their phone
at the end of the study. In contrast, another STTR study reported
100% of users discarded the inexpensive, older model flip phone
[10]. Future mHealth interventions, if possible, should continue
to provide smartphones but consider budgeting more funds for
cell phone replacement, given the likelihood of phone
replacements. If the budget to provide a cell phone is not
available and/or sustainable, an idea for future interventions
would be to use Web-based telephone services (ie, Google Voice
and WhatsApp) to continue sending SMS text messages via
email when cell phone service is turned off, as was used in
another STTR site [10].
https://mhealth.jmir.org/2020/2/e16220
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Leveraging community partnerships proved very useful to avoid
cell phone service interruptions because of lost or faulty phones.
In addition to having regular office/study hours at the CARE+
community site, CARE+ staff identified contacts at multiple
popular CBOs to provide participants with options for study
engagement. Participants knew which community partners were
affiliated with CARE+ and study staff would receive calls from
participants at these community partner locations to set up
appointments for phone replacements. This also proved useful
for study retention purposes.
Identifying economic solutions with the cell phone carrier
reduced economic burden on study budget. Using the pooled
minutes approach provided the much-needed flexibility for
CARE+ study participants, as some used very little of the
suggested minutes allotted per month whereas others went over
consistently. Future interventions should consider the pooled
minutes approach to avoid overage issues and work with carriers
to turn off specific apps and phone options that could incur
monthly charges. Furthermore, incorporating cost-effectiveness
analyses using templates [40], such as the one used by Reback
et al [41] to evaluate a substance use and HIV risk reduction
SMS intervention, will provide useful information for the
feasibility of mHealth interventions at the population level.

Message Frequency and Customization
Previous research has indicated that SMS interventions with 1
or more daily messages demonstrated smaller effects than
interventions that only sent messages weekly [42]; however,
CARE+ participant preferred more frequent SMS text messages.
At baseline, participants were more likely to choose to receive
the message every day instead of once per week. Furthermore,
during follow-up, a large proportion of participants changed
their message frequency option from weekly to daily.
Few chose to create their own message. We believe this could
reflect the success and importance of the formative work,
adequately reflecting the messages they wanted to receive.
However, even with few selecting to create their own message,
providing this as an option is important, as interventions that
allow for message customization are more effective at promoting
adherence to ART than those that send uniform messages to all
participants [42].
For those who did create custom messages (see Multimedia
Appendix 3), they provided us insights into missed messaging
opportunities for future SMS interventions for persons with a
history of incarceration. For example, a custom message
reminded the participant of the participant’s parole appointment
and thus highlighted the potential of adding community
supervision—related reminder options to the Barriers to Care
content area. Highlighting CJ status within the message was in
contrast to our initial study goals of avoiding mentioning either
HIV or CJ status. Future research is needed to explore the
breadth and effectiveness of CJ-focused messaging.

Differences by Enrollment Site
Participants who were enrolled in the jail chose different Barriers
to Care messaging compared with those participants enrolled
in the community—highlighting the differences in barriers
encountered at 2 different time points (immediate release versus
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up to 6 months before release from jail). The popularity of
messages about seeking housing and job training programs
among jail enrollees versus community-enrolled participants
could be because of the fact that the latter may have had more
time in the community to address these needs. This is supported
by the literature, with persons immediately released from
correctional facilities reporting transitional challenges, such as
not knowing how to find shelter and feeling dumped into the
city, unsure where to spend their first night [43]. Immediate
needs following reentry can also vary by gender, with men
reporting finding a job and education as most important
immediately, whereas women identified shelter and substance
abuse as their top priorities [44]. Future interventions should
consider the timing of release from a correctional setting and
choose Barriers to Care messaging that reflects the timing of
release.

Limitations
Although this study provides important details for future
mHealth interventions among this vulnerable population, this
study had several limitations. First, this study reported on the
intervention arm of a pilot feasibility study. Given the small
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sample size, we lacked that statistical power to make
between-group comparisons (eg, gender, race, and enrollment
site), limiting our ability to inform mHealth interventions among
specific populations. In addition, our SMS platform website
(Dimagi) was a 1-way text service; thus, we could not evaluate
engagement in the SMS intervention or confirm receipt of the
SMS text messages. Furthermore, this study was limited to
programming data (from Dimagi) and the experiences of study
staff. Future mHealth intervention studies would benefit from
larger sample sizes to evaluate messaging preference among
various sociodemographic variables and qualitative research to
better understand the specifics of SMS interventions that work
well for the target population.

Conclusions
In this paper, we report the implementation of an SMS
intervention for HIV-infected persons with a history of
incarceration. Highlighting the implementation of a real-world
application of an mHealth platform, subsequent programs
working with the same or other vulnerable populations can use
the findings, methodology, and trainings to implement and
benefit from our lessons learned.
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Abstract
Background: Primary dysmenorrhea is a common condition in women of reproductive age. A previous app-based study
undertaken by our group demonstrated that a smartphone app supporting self-acupressure introduced by a health care professional
can reduce menstrual pain.
Objective: This study aims to evaluate whether a specific smartphone app is effective in reducing menstrual pain in 18- to
34-year-old women with primary dysmenorrhea in a self-care setting. One group of women has access to the full-featured study
app and will be compared with 2 control groups who have access to fewer app features. Here, we report the trial design, app
development, user access, and engagement.
Methods: On the basis of the practical implications of the previous app-based study, we revised and reengineered the study app
and included the ResearchKit (Apple Inc) framework. Behavior change techniques (BCTs) were implemented in the app and
validated by expert ratings. User access was estimated by assessing recruitment progress over time. User evolution and baseline
survey respondent rate were assessed to evaluate user engagement.
Results: The development of the study app for a 3-armed randomized controlled trial required a multidisciplinary team. The
app is accessible for the target population free of charge via the Apple App Store. In Germany, within 9 months, the app was
downloaded 1458 times and 328 study participants were recruited using it without external advertising. A total of 98.27%
(5157/5248) of the app-based baseline questions were answered. The correct classification of BCTs used in the app required
psychological expertise.
Conclusions: Conducting an innovative app study requires multidisciplinary effort. Easy access and engagement with such an
app can be achieved by recruitment via the App Store. Future research is needed to investigate the determinants of user engagement,
optimal BCT application, and potential clinical and self-care scenarios for app use.
Trial Registration: ClinicalTrials.gov NCT03432611; https://clinicaltrials.gov/ct2/show/NCT03432611 (Archived by WebCite
at http://www.webcitation.org/75LLAcnCQ).
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Introduction
Background
In recent years, increasing smartphone access has enabled the
advancement and widespread use of smartphone apps [1,2].
Apps are a promising tool for people with a wide variety of
health conditions and may be particularly useful to guide and
support individuals in the self-management of these conditions
[3,4]. A recent systematic review on apps in pain management
concluded that apps might be beneficial for patients, particularly
in an outpatient setting, but that there is a need for more
scientific knowledge [5]. Furthermore, in an Australian national
survey on mobile health (mHealth) in women with polycystic
ovary syndrome [6], current evidence-based information was
considered to be the most desirable app feature. Thus, an app
with evidence-based information on menstrual pain might be
of great value for patients suffering from this common problem.
Menstrual disorders are highly prevalent among women of
reproductive age, and especially in young women; they
commonly include period pain and mood disturbances [7].
Primary dysmenorrhea is defined as menstrual pain in the
absence of underlying pathology, with the pain commonly
starting within 3 years of menarche (the first menstrual period)
[8]. A characteristic symptom of primary dysmenorrhea is
crampy, colicky spasms of pain below the belly button,
occurring within 8 to 72 hours of menstruation and peaking
within the first few days as menstrual flow increases [9]. Many
women with dysmenorrhea also experience other
menstrual-related symptoms such as back pain, headaches,
bowel changes, nausea, and vomiting [9]. Primary dysmenorrhea
has significant negative impacts on education [7] and
productivity at work [10]. Current menstrual health literacy and
understanding of effective self-care strategies for menstrual
symptoms are often poor [11].
In a previous randomized pragmatic trial (trial registration:
ClinicalTrials.gov NCT01582724) [12] for women with
menstrual pain, a total of 221 women were randomly assigned
to 1 of 2 study groups. Both groups received the study app and
a short introduction by a health care professional. Although the
intervention group had access to acupressure-based features,
including visual and written instructions on how to apply
self-acupressure before and during menstruation, the control
group did not. In addition, the app could send regular reminders
to start the acupressure or to fill in questions. For both groups,
the app was used to collect the study-related data and support
the management of the menstrual period with a simplistic period
calendar. Users in the self-acupressure group reported a
significant reduction in the mean pain intensity and reported
less pain medication intake in comparison with the usual care
control group. In addition, two-thirds of the women still used
the app and continued to apply self-acupressure after 6 months
[12]. Owing to the fast-developing mHealth technology, it was
difficult to keep these noteworthy study results relevant for
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actual implementation. This was, in part, because of the user
experience and because the underlying technology soon became
outdated. Therefore, a complete modernization and
reengineering of the app and the development of a new
corresponding trial that examines its effect over a longer
duration than undertaken in the initial trial were necessary.
In 2015, Apple Inc introduced ResearchKit as an open-source
framework to support clinical researchers conducting structured
mobile app–based health studies [1]. This free and reusable
framework can simplify the integration of patient recruitment,
the consent process, and the data collection in an mHealth study
app. A modernization and reengineering of the previous study
app using the ResearchKit framework, new software tools, and
design guidelines for broader functionalities and an up-to-date
interface would allow to verify the study results from our
previous trial on a larger scale and in a real-life self-care setting
in several different countries across the world. To our
knowledge, no ResearchKit app-based interventional studies
have been previously conducted targeting women with menstrual
pain. By implementing this ResearchKit app, it would be
possible to improve self-care for menstrual pain by encouraging
users to change their behavior and regularly apply self-care
activities, such as exercise, yoga, or self-acupressure.
Michie et al defined the smallest, observable, replicable
intervention component with the potential to bring about change
in behavior as behavior change techniques (BCTs) [13]. BCTs
have been widely applied in electronic health interventions. A
prior ResearchKit app-based observational study evaluated the
decision making in patients with acute anterior cruciate ligament
ruptures [14] and suggested that it might be possible to maintain
users’ motivation by providing instant feedback and relevant
treatment information. In another study aimed at reducing
alcohol consumption via an app [15], self-monitoring, goal
setting, action planning, and feedback in relation to goals were
identified as BCTs with the greatest potential to reduce alcohol
use. A review on apps targeting persons with poor control of
type 2 diabetes mellitus also suggests that the majority of BCTs
employed are those for the promotion of self-regulatory behavior
[16]. However, there is a lack of data for expert validation of
BCTs implemented in apps for menstrual pain.
From the recruitment perspective, previous ResearchKit-based
studies predominantly used Web-based recruitment. Web-based
recruitment has the potential advantage of reaching a broader
population quickly, whereas conventional recruitment is usually
time consuming and costly. However, the broad reach can
potentially bring in people who are not the target population of
a particular mHealth study [17]. In an interventional ResearchKit
study, enrollment before eligibility screening (number of App
Store visits and downloads) and after baseline questions are
indicators for user engagement. However, this important
measurement has not been widely reported in previous mHealth
studies yet.
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Objectives
To address the questions raised above and to gain a greater
understanding for conducting mHealth trials, we report the
development, user access, and user engagement of our
ResearchKit-based study app for an ongoing pragmatic
randomized controlled trial (RCT) [18] on menstrual pain.

Wang et al
developers, designers, medical doctors, public health
researchers, psychologists, and experts on integrative medicine
and health.

Behavior Change Techniques in the Study App

The development of the app was started with the aim to
modernize the design and technology of the study app AKUD
(2012-2015) for a new 3-armed study in a self-recruitment
self-care setting.

The development of user interaction and feedback wording was
based on the previous app. However, during the development
of the new app, we used the BCT taxonomy (BCTTv1),
according to Michie et al [19], to document BCTs employed in
the app. For example, the BCT goal setting was implemented
to promote the goal of completing certain self-care activities.
In addition, bar charts that recorded change in pain and activities
were set up based on the BCT self-monitoring. The app was
developed in English. During the adaption to German and
Chinese, the content of the app was always translated with care
to ensure that the respective underlying BCTs were not affected.

The study app Luna. (Luna, period) was developed in a
collaborative project by the Institute of Complementary and
Integrative Medicine of the University of Zurich, Switzerland,
the Institute for Social Medicine, Epidemiology and Health
Economics, Charité – Universitätsmedizin Berlin, Germany,
and Smart Mobile Factory, Berlin, Germany, based on Apple’s
ResearchKit modular concept. The app was coded in Swift 4
with initial full support for English and German and prepared
for easy deployment of other languages, such as simplified and
traditional Chinese. The design followed the iOS Human
Interface Guidelines (2017) and targets young women. The team
involved in the development included iOS and back-end

For the scientific description of an mHealth intervention, a
proper description of BCTs implemented in the app is important.
For this, expert validation is essential. At a later stage after the
app development was completed, 2 psychologists who were not
part of the development team independently rated the individual
app features to validate the proper use of BCTs according to
the BCTTv1 [19]. We compared the list of BCTs (that were
intended to be implemented in the app) of 1 app development
team member with the rating results of these 2 psychologists.
Where there was disagreement regarding which BCT was used
in the app, a final agreement was reached in a consensus meeting
between the 3 raters (Table 1).

Methods
Study App and Study Design
Technical Development of the Study App
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Table 1. App features and corresponding behavior change techniques implemented.
App features

Wording and app content

BCTsa (rating)

Introduction to baseline survey

“Hello! To get to know you better, we would like to ask
you some more questions. All of your data will be kept
strictly confidential and anonymous.”

No BCTs

Baseline survey finished

“Thank you for your patience. Now we have all the nec- No BCTs
essary baseline information. You can start with the study.”

Notification of doing interventions/fulfilling surveys

“Time to do some activities for your period pain and
record your progress.”

Prompts/cues (7.1)

When a survey has been finished

“Well Done!”

Social reward (10.4)

In-app reminder of finishing survey “Missing Answers. Keep going with the questions, this
during task days
can help you see your progress.”

Prompts/cues (7.1)

In-app reminder for acupressure

Prompts/cues (7.1)

“Apply acupressure. On days where you have pain, we
recommend at least twice a day.”

When the timer for acupressure fin- “Well Done! Keep on taking care of yourself.”
ished (for all 6 points)

Social reward (10.4)

Guide for nontask days

“New questions will appear five days before your next
period.”

Prompts/cues (7.1)

Instructions of when to apply acupressure

When to Apply Acupressure. Instructions of when to ap- Goal setting (behavior) (1.1); action planning (1.4)
ply acupressure (time, frequency).

Instructions of how to apply acupres- How to Apply Acupressure. Instructions of how to apply Instructions on how to perform a behavior (4.1)
sure
acupressure (position, strength, and feeling).
An image and location for each
acupressure point

Image and description of locations of acupressure 3
points: spleen 6, liver 3, large intestine 4.

Instructions on how to perform a behavior (4.1);
demonstration of behavior (6.1)

Instruction video for self-acupressure

An instruction animation for self-acupressure on 3 points: Instructions on how to perform a behavior (4.1);
spleen 6, liver 3, large intestine 4.
demonstration of behavior (6.1)

Self-care recommendation

“Evidence-based information with references of 5 selfcare recommendations: exercises; dietary supplementations; heating pad/hot water bottle; yoga; medication.”

Information about health consequences (5.1); credible
source (9.1)

Timer for self-acupressure: 1 minute A counting down timer with a picture of the corresponding Goal setting (behavior) (1.1); instructions on how to
for each point
acupressure point.
perform a behavior (4.1); demonstration of behavior
(6.1)

a

Dashboard screen

Dashboard screen, including period calendar, diagrams,
and charts reviewing pain and survey questions, and a
function button for period start/end.

Feedback on behavior (2.2); self-monitoring of behavior (2.3); self-monitoring of outcome(s) of behavior (2.4); feedback on outcome(s) of behavior (2.7)

Journal screen: calendar

Journal screen in calendar view, including period calendar Prompts/cues (7.1)
that also displays the completion of survey questions.

Journal screen: questions

Journal screen in questions view, including a list of survey No BCTs
questions with the date.

Self-care screen

Self-care screen, including a list and icon images for 5
self-care recommendations.

No BCTs

BCT: behavior change technique.

Privacy and Data Security
Privacy and data security were considered high priorities during
app development. User data collected by the app are encrypted
and transferred anonymously. We adhere to the principle of
data minimization [20] and collect only data that are absolutely
necessary to answer the research questions. Personally
identifiable information (PII), such as the name and signature
collected during the informed consent procedure provided by
Apple ResearchKit, is stored only on the user’s iPhone and will
not be sent to the back end. The individual person owning the
iPhone (the study participant) will not be identifiable by the
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data transferred to the study server. A token will be created as
an identifier to label the individual study data. Moreover, an
app passcode is implemented to avoid unintended access to the
app. Collection of information by the app can be stopped at any
time by withdrawing from the study, using a specific button in
the app’s settings, and uninstalling the app. Data will be
collected anonymously. In addition, the study team of the
coordinating office in Germany is supervised by the data
protection officer of the Charité—Universitätsmedizin Berlin.
The other participating centers are supervised by their respective
institutions.
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Study Design
We will conduct a 3-armed, randomized pragmatic trial [18,21]
to evaluate whether the smartphone app is effective in reducing
menstrual pain in 18- to 34-year-old women with primary
dysmenorrhea. We will compare the group of women who has
access to the full-featured study app with 2 control groups who
have access to fewer app features. After within-app verification
of eligibility for the study, eligible women will be randomly
allocated to one of the 3 groups in a 1:1:1 ratio. The potential
group allocations are as follows: full-featured app version
(self-care information + self-acupressure feature), control
intervention I (only self-care information feature), or control
intervention II (only self-acupressure feature). The app contains
the interventions for all 3 groups, but the content is only
unlocked and presented to the user depending on their group
allocation. Study participants can use the app for the whole
study duration of 12 menstruation cycles. The primary outcome
of the study is the mean pain intensity measured with the in-app
numerical rating scale (NRS) ranging from 0, no pain, to 10,
most intense pain imaginable, on the painful days during the
sixth menstruation after starting the intervention (approximately
6 months from trial start depending on cycle length). It will be
calculated by adding up the daily values from the start of the
menstruation until the end of bleeding and then dividing them
by the number of days with available values. NRS is a common
measure of pain intensity that has been utilized in many previous
studies [22-24], including studies of menstrual pain [25,26].
Secondary outcome measures are described in more detail on
ClinicalTrials.gov (NCT03432611).
The decisions on study design of this trial are based, in part, on
decisions of the stakeholder advisory group from the
corresponding previous trial and its results [12]. As no member
of the study team was specialized in gynecology, this expertise
was represented by a gynecologist appointed to the advisory
group. Our stakeholder advisory group included a female
gynecologist, a 16-year-old woman with dysmenorrhea, a female
teacher, 2 acupuncture experts, and a mind-body medicine expert
[27].

Intervention Components
Furthermore, 5 days before the anticipated start of the
menstruation until the end of bleeding, notifications from the
app will remind all the groups of participating women to
complete questions and perform self-care activities, such as
self-acupressure or yoga, depending on the group allocation.
The self-care feature will offer information on self-care for
menstrual pain, including evidence-based information about
exercise, nutrition and dietary supplementation, heating pad/hot
water bottle, yoga, and when to consult a doctor and regarding
how primary dysmenorrhea is treated in most cases (see
Multimedia Appendix 1).
The acupressure feature will offer detailed written and
multimedia descriptions of the acupressure to be used for
menstrual pain (see Multimedia Appendix 2). A total of 3
acupressure points will be described that should be massaged
bilaterally, if possible, twice a day, up to 5 times per day,
starting from 5 days before menstruation until the end of
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menstruation. Each point should be massaged for 1 min (ie,
altogether 6 min should be spent for 1 acupressure session). A
visual timer for the acupressure will indicate desirable length
of acupressure. In addition, an in-app notification on the app’s
dashboard will remind users to practice acupressure during
painful days at least twice daily.
The acupressure intervention resulted from a written consensus
process with international acupuncture experts from China,
Germany, and the United States of America [27] and was already
evaluated in an RCT previously conducted by our group
demonstrating effectiveness of the intervention [12]. The
acupuncture points SP6 (Sanyinjiao), LI4 (Hegu), and LR3
(Taichong) were chosen during this process.
Participants are allowed to continue with their own usual care
(medical and nonmedical) during the study.

Participants and Group Allocation
We aim to recruit 594 young women with primary
dysmenorrhea. The sample size estimation is based on the
comparison of the group receiving the full-featured app
(self-care information + self-acupressure) with the group
receiving the app version without the self-care information
(control intervention II) regarding the primary outcome (NRS
after 6 menstrual cycles) that will be treated as a continuous
variable. Our previous study showed a mean group difference
of 1.4 on the NRS and a standard deviation of 2.15 at the sixth
menstrual cycle after the onset of the trial.
Assuming that self-care information has a smaller impact on
pain than acupressure, we hypothesize a difference of 0.8 on
the NRS between groups. To detect a mean difference of 0.8
point on the NRS after 6 menstrual cycles between the group
receiving the full-featured app (with a common standard
deviation of 2.15 observed in our previous study) and control
intervention II, applying a 2-sided t test with a power of 80%
and an adjusted alpha of .025, a total of 139 participants will
be needed per group (417 women for the 3 arms together).
Taking into account a dropout rate of approximately 30% (based
on our previous study after 6 cycles), 198 participants per group
will be needed (total 594 women).
The eligibility criteria resemble the criteria of our previous
study. Women owning an iPhone will be included if they have
primary dysmenorrhea, are between the ages of 18 and 34 years,
report moderate or severe menstrual pain ≥6 on the NRS; 0=no
pain at all, 10=most intense pain imaginable), and report no
existing or planned pregnancy within the next 12 months. During
the app-based eligibility screening, the inclusion and exclusion
criteria will be assessed by 12 compulsory eligibility questions
(Table 2). After the determination of eligibility and obtaining
informed consent, participants will be asked to complete the
baseline survey before they receive access to the app features
depending upon the respective study group allocation. We will
use a server-based randomization table created by a statistician
using the RANUNI random number generator of the SAS/STAT
version 9.2 (SAS Inc) [28]. Participating women will be
randomized in a 1:1:1 ratio by block randomization with a fixed
block length.
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Table 2. Eligibility questions.
Eligibility questions

Question type

Criteria

Are you a woman over 18 and below 35 years old?

Yes/no

If no, exclude

Do you suffer from period pain or menstrual cramps during every menstrual Yes/no
cycle?

If no, exclude

Do you suffer from your period pain on more than 5 days outside the pe- Yes/no
riod?

If yes, exclude

Do you think your pain started during your teenage years?

Yes/no

If no, exclude

Do you have any prior history of a gynecological disease that is known
to be a reason for your period pain?

Yes/no

If yes, exclude

Did you have a period within the last 6 weeks?

Yes/no

If no, exclude

Is your cycle length between 3 and 6 weeks?

Yes/no

If no, exclude

How strong was the most severe pain without medication during your last Numerical on a pain
period?
scale from 0 to 10

If <6, exclude

Are you willing to see a doctor when (1) your pain is getting worse than Yes/no
usual, (2) pain medication is not helping, and (3) when you have pain well
before or well after the period?

If no, exclude

Are you pregnant?

Yes/no

If yes, exclude

Do you plan to be pregnant within the next 12 months?

Yes/no

If yes, exclude

Is this your iPhone?

Yes/no

If no, exclude and message the user because of
data protection, the app should be used only on
your own iPhone

Efficacy-Effectiveness Continuum
From a methodological point of view, a clinical trial provides
more evidence on the effectiveness of an intervention using a
pragmatic trial design or on the efficacy side using an
explanatory trial design [29,30]. Pragmatic trials are usually
considered to study interventions in a real-world setting, whereas
explanatory trials are usually designed to investigate
interventions in an ideally controlled setting. The PRECIS-2 is
a wheel-format tool that helps researchers to consider trial design
as more effectiveness or efficacy focused including 9 domains:
eligibility criteria, recruitment, setting, organization, flexibility
(delivery), flexibility (adherence), follow-up, primary outcome,
and primary analysis [31]. The PRECIS-2 scoring system ranges
from 1 (most explanatory) to 5 (most pragmatic).
During the design phase of the trial, PRECIS served as a tool
to make better informed design decisions [32]. We used the
PRECIS-2 tool to assess our app-based trial’s positioning on
the pragmatic-explanatory continuum. The authors
independently scored the 9 dimensions.

User Enrollment
The primary recruitment strategy focuses on self-referral through
the Apple App Store. On the basis of our experience from the
previous trial and the associated stakeholder engagement
[12,27], we anticipate that an app-based study for menstrual
pain would meet wide acceptance among young women in
Germany. Furthermore, we assume that no external advertising
(such as posters in public transport or on campus) will be needed
for recruitment. A Web-based press release on the Charité
university homepage was published on February 28, 2018, (in
German and English language), highlighting the results of the
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previous trial, while also mentioning the new study with the
updated app, including a link to the App Store. The media
coverage of the app is observed regularly by the study team,
using Google search with keywords “selfcare + period pain +
Luna,” “selfcare + Luna,” “app + period pain,” “acupressure +
period pain” (in German: “Selbsthilfe + Regelschmerzen +
Luna,” “Selbsthilfe + Luna,” “app + Regelschmerzen,”
“Akupressur + Regelschmerzen”).
The app use will be free of charge; no financial compensation
will be provided for participating in the study.
Potential future recruitment strategies will include traditional
and Web-based recruitment methods that are also adapted to
the respective study sites. These will include information about
the ongoing study on printed posters or information leaflets or
in social media. In addition, if accepted by the Apple App Store
editorial team, we will inform potential users about the study
app with the App of the day feature option of the Apple App
Store for the category Health and Fitness.

User Engagement
When users install and open the study app for the first time,
they will be briefly introduced to the study and encouraged to
participate. For potential participants who wish to continue, an
app-based anonymous eligibility screening and more detailed
information about the study will be provided. After the consent
process, participants will finish the app-based baseline survey
to unlock the intervention interface. This process is based on
the onboarding process of Apple’s ResearchKit framework [33].
User flow and conversion rates will be calculated based on the
number of downloads, the number of eligible users, and the
number of users who finish the baseline survey and enter the
study.
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In the baseline survey, general information relevant for
menstrual pain will be assessed, such as age, education,
individual exercise behavior, length of period and level of pain
experienced during the period, and use of hormonal
contraceptives and pain medications (Table 3). A skip button
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is available for a selection of questions and allows users to skip
questions they do not want to answer. User engagement will be
measured by usage of skip button and baseline survey respondent
rate.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e14661 | p.247
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Wang et al

Table 3. Baseline questions.
Baseline questions and answer field

Skip button

Your age

Xa

_____ years
BMI calculated from height and weight

X

Your height: ____ cm
Your body weight: ____ kg
What is the highest level of education you have completed so far?

X

High school or above
Other
How long is your cycle usually (the time from the first day of period until the beginning of the next period)?

—b

_____ days
How long is your period usually?

—

_____ days
What kind of period pain and discomfort do you usually experience? (multi-choice possible)

X

Stomach cramps
General pain in lower belly
Lower back pain
Headache
Nausea/Vomiting
Other symptoms, namely _____
Do you use hormonal contraceptives (eg, birth control pills, hormone patch, vaginal ring, or hormonal IUDc)?

X

No
Yes
If yes, why do you use hormonal contraceptives?
I use hormonal contraceptives because of my period pain.
I use hormonal contraceptives for contraception.
I use hormonal contraceptives because of other reasons (for example, acne).
If yes, which hormonal contraceptives are you using? ______
If yes, how long have you been using hormonal contraceptives? for ____ months and ____ years
Have you ever been pregnant?

X

No
Yes
If yes, number of pregnancies:____
If yes, number of births:____
How intense was the average period pain of the painful days during your last period?

—

0 1 2 3 4 5 6 7 8 9 10 (0=no pain at all, 10=most intense pain imaginable)
During your last period, how intense was the worst period pain you experienced?

—

0 1 2 3 4 5 6 7 8 9 10 (0=no pain at all, 10=most intense pain imaginable)
On how many days have you had period pain during your last period?

X

_____ days
On how many days were you absent from work or education due to period pain during your last period?

X

_____ days
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Baseline questions and answer field

Skip button

Have you taken any medication for your period pain?
No

X

Yes ->if yes, which one: ______
Which self-care activities have you done during the previous month because of your period pain? (multi-choice possible)

X

No actions
Fitness/Gymnastics
Jogging/Running
Acupressure
Yoga
Autogenic training
Herbal medicine
Meditation/Relaxation
Homeopathy
Local supply of heat
Food supplements
Tea
Others: ______
Which self-care activities have you done during the previous month because of other reasons than your period pain? (multi- X
choice possible)
No actions
Fitness/gymnastics
Jogging/running
Acupressure
Yoga
Autogenic training
Herbal medicine
Meditation/relaxation
Homeopathy
Local supply of heat
Food supplements
Tea
Others: ______
When did you have your last period? Please enter the data of the first day of your last period.

—

__.__.____
a

X: skip button enabled.

b

—: skip button disabled.

c

IUD: intrauterine device.

Statistical Analysis
The PRECIS-2 score was calculated by summing up the means
of each dimension based on the rating results of 11 raters;
meanwhile, standard deviations were calculated to show the
variability.
For the BCT ratings, the interrater reliability among BCT raters
was assessed by intraclass correlations (ICCs) [34,35].
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For the assessment of user access, we used the data generated
by App Analytics [33] (Apple Inc) to descriptively show the
source of product page views and number of downloads.
To assess user engagement, the user conversion rate and the
baseline survey response data were calculated using descriptive
statistics (frequencies, percentages, means, and standard
deviations). The baseline survey variables were extracted from
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the back-end database and only the missing values of the
baseline survey (skipped questions) were used for the calculation
of the proportion of actually skipped questions among all
skippable questions to interpret the user engagement.
All collected data were analyzed with SPSS version 22.0 (SPSS
Inc).

Ethics
The app is prepared for international use and can be currently
(October 2019) downloaded in the German App Store and will
later be made available in the App Stores of the other
participating centers. The study database, the app server, and
the primary study center are based in Berlin, Germany. The
study was approved by the university’s ethics committee
(Charité—Universitätsmedizin Berlin approval Number
EA1/364/16). The trial was registered at ClinicalTrials.gov
(NCT03432611).
The participation of the study sites in Taichung, Taiwan
(approval letter Number CMUH107-REC1-120 by Ethics
Committee of China Medical University and Hospital); Sydney,
Australia (approval number H13175 by Western Sydney
University Human Research Ethics Committee); Florianopolis,
Brazil (approval number 3.583.066 by Ethics Committee of
Federal University of Santa Catarina), and Baltimore, United
States is currently being processed.
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Results
Study App and Study Design
The study app is a result of multidisciplinary efforts. The launch
of the study app in the App Store will mark the beginning of
the fully app-based study: users will be recruited via the Apple
App Store, eligibility and consent will be processed by the study
app, different self-care interventions will be guided by
corresponding app features, and the follow-up will be recorded
by app-based survey questions (Figure 1). Detailed screenshots,
which depict the user flow in more detail, are listed in
Multimedia Appendix 3.
The study app will display the intervention components
(self-acupressure and self-care information) selectively
according to the group allocation. The core features Dashboard,
Journal, and More (Figure 2) will be accessible to all users.
The Dashboard will display feedback according to study
progress and answers of survey questions and a prediction of
the next period start date. The Journal feature will contain a
period calendar and an overview of the progress on the survey
questions. With the More feature, users will be able to set
personal identification number lock and notification time. Users’
cycle information, the signed consent form, and a link to the
privacy policy will also be displayed there.

Figure 1. Study design. ITT: intention to treat; PP: per protocol.
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Figure 2. Screenshots of the study app.

Behavior Change Technique Ratings
To validate whether the BCTs implemented in the app were
properly applied, a developer rating (JW) was compared with
ratings of 2 psychologists with BCT expertise (CRP and AR)
who had experienced the finalized full-featured app but who
had not been part of the app development process. The interrater
agreement between the 2 psychologists showed an excellent
ICC (ICC=0.954; 95% CI 0.87-0.98). However, the overall
interrater agreement including all raters was poor (ICC=0.442;
95% CI 0.07-0.78), that is, the ratings of the BCTs used during
the development by the study team, did not correspond well
with the ratings of the 2 psychologists. There was no significant

difference between ICCs at the item level and the cluster level
based on the BCTs taxonomy (v1) [19]. The final agreement
that was reached in a consensus meeting is shown in Table 2.
Overall, 12 BCTs were identified in the study app. The most
frequently implemented BCTs are prompts/cues (5 times),
instructions on how to perform behavior (4 times), and
demonstration of the behavior (3 times).

Efficacy-Effectiveness Continuum Rating
On the basis of the rating results of all authors, all 9 dimensions
of the PRECIS-2 tool are defined more on the pragmatic side
(Figure 3). Thus, this app-based RCT can be considered as a
pragmatic trial.

Figure 3. PRECIS-2 rating results of the study design.
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User Enrollment
Trial recruitment started in February 2018 with the launch of
the ResearchKit-based study app in the German App Store. The
Web-based press release was well received by the public and
the media. By observation of media coverage via Google search
during the following 10 weeks, 65 articles or blog entries of
pharmacy or health-related websites citing the press releases in
English and German could be detected. Overall, 2 printed
newspapers reported about this app-based study in German. An
increase of media coverage could be observed from March to

Wang et al
May 2018. In the weeks following the press release, the app
showed continuous increase in both downloads and the number
of users (Figure 4).
After 38 weeks in the app store (from February 19, 2018, to
November 13, 2018), there were 1458 downloads and 328 users
were included into the study (22.5%). On average, we recruited
around 8 study participants per week with a peak between May
and June after the press release (22 new users per week).
Approximately 60% (195/328) of the participants were recruited
within these 2 months.

Figure 4. App downloads and new users per day.

User Engagement
During the first 38 weeks of recruitment, the App Store’s
preview of the app was viewed 1885 times. Although 75% of
the app’s product page viewers found the app by searching the
App Store, 25% found the app by App Store browsing, app
referral, or Web referral. The app was downloaded 1458 times.
A total of 388 (27%) users passed the 12-question eligibility
screening and agreed to consent; 328 of the 388 users (85%)
completed the 16-question baseline survey and were recruited
to the study. Figure 5 displays the user evolution [14].
For 11 of 16 baseline questions, the skip button can be used
because these questions are either not related to the primary
outcome of the study or their data are not essential for the proper
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functioning of the app. The usage of the skip button of a study
sample (328 users) was calculated to evaluate the user
engagement in the app-based survey.
Almost all questions of the baseline survey were answered (data
completeness of 98.27%; 5157/5248). A total of 276 users
(276/328, 84.1%) answered all 16 baseline questions and never
used the skip button. Only 3% of the data based on the skippable
questions were missing. The question asking for
discomfort/symptoms during the period was answered by all
users (response rate 100%). For free-text fields, 105 (105/328,
32.0%) of the users provided details about their
discomfort/symptoms during their period; 269 (269/328, 82.0%)
users provided details about their medication for the question
asking about the period pain-related medical history.
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Figure 5. User evolution.

Discussion
Principal Findings
By using the ResearchKit framework, we successfully developed
a study app for a fully app-based pragmatic RCT for young
women with primary dysmenorrhea. The app is easily accessible
via self-referral and can be used as a self-care and study tool
for a highly relevant condition. The available data already
indicate a high level of user engagement with the study app.
We also realized that the early involvement of behavioral science
experts is of great importance for the development of app-based
trials.
In a young population that widely uses smartphones, a digital
intervention, such as the study app, provides low entry barriers.
It offers easy access to evidence-based self-care information
for menstrual pain and tools to improve healthy behavior. We
believe that recruitment is not only influenced by the app itself
but also by the way of communicating the study. We observed
a substantial increase in recruitment rates following the
publication of a press release on our university’s websites and
corresponding media coverage. A causal relationship in the
recruitment increase seems to be very probable. After 5 months
without actively communicating the study with media or
information material, we still could observe a basic recruitment
of about 1 new study participant per day.
Almost all research or self-care apps include BCT elements,
such as prompts/cues to fill in questionnaires (self-monitoring)
or to engage in app- specific intervention components. Dialog
boxes are also used to give feedback on behavior or to promote
self-belief [19]. However, the adequate implementation and the
proper description of the applied BCTs are not easy to achieve.
Therefore, it is important to involve psychologists or behavioral
scientists in the design and development of an app [36,37]. The
review of the use of the BCT taxonomy during the development
of the trial revealed some discrepancies between the study team
members and the psychologists that were involved in the ratings.
For future studies, the behavior change wheel framework by
Michie et al [38] will be applied before the app development
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to improve the design and implementation of app-based
interventions [39]. Moreover, the mechanisms and efficacy of
BCTs implemented need to be further explored in mHealth
research settings.
As in our previous mHealth studies, the app and trial
simultaneously shaped each other during the trial design and
app development process. In conventional RCTs, the trial
intervention and outcomes are usually very standardized as they
are described in the study protocol. However, during the
development and coding process of the study app, we regularly
made adaptations of the study protocol because of technical and
design aspects. For example, during the development process,
we realized that the digitally collected data can be used to give
the users an overview of study progress and symptom
improvement that subsequently became part of the intervention
strategy. Branching within a question (the answer of an item
impacts the next question choices) and combining different
question types were not possible with the standard ResearchKit
framework. Moreover, baseline questions had to be limited to
reduce the time spent until finalization of onboarding, that is,
the whole process from introduction, eligibility screening, and
participant consent until completion of baseline survey and the
random allocation to the respective intervention group. However,
the final onboarding process in our research app was longer
than what users of consumer apps might usually accept. This
could have resulted in a loss of potential study participants.
Some baseline questions typical for research studies, such as
questions about partnership and income, were omitted because
of privacy concerns. It was not necessary to collect body weight
and height as PII data, as they were only used for BMI
calculation on the user’s iPhone and not transferred to the study
backend. The study design also impacted some technical
decisions. For instance, to limit recall bias, questions that
required daily answers before and during the period will expire
after 7 days. Moreover, the way symptoms are measured or
tracked in an app is limited to validated and commonly used
outcomes. NRS or Likert scales are used instead of more
consumer-oriented approaches, such as individualized icons or
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emojis to record mood or pain. This might limit the user
experience.

Limitations
In addition to the limitation of the development process already
described above, several other related limitations have to be
taken into account. The decision to focus on Apple’s iOS only
enabled the use of Apple ResearchKit and avoided the
difficulties associated with developing for 2 operating systems
simultaneously, as was done in our previous trials [12,27].
Owing to this decision, only women using an iPhone can
participate in the study, which consequently might introduce
selection bias and therefore limit the generalizability of the
study. Moreover, the impact of technical updates (ie,
ResearchKit and iOS updates) or other potential adaptations of
the app during the course of the study is not clear yet, but these
adaptations will be thoroughly reported in the results paper of
the trial.
Our study is also subject to some limitations from the access
perspective. The numbers of App Store’s visitors and downloads
are generated by Apple’s App Analytics, which we do not
control. This is the only source to estimate the number of
subjects interested in our study because of our anonymous study
design. However, we think that it is important to also include
App Analytics’ data despite its nonstudy purpose. Taking
advantage of these resources from the mHealth ecosystem might
help future app-based studies. To be eligible to use our study
app, individuals who downloaded the app had to pass our
12-question eligibility screening that is based on our relatively
strict inclusion and exclusion criteria. However, for the
assessment of user evolution, we could only record the number
of eligible users who gave consent because of ResearchKit’s
design restrictions and our privacy rules. As a result, we lack
knowledge about the reasons for ineligibility. In addition,
although the participant’s eligibility and survey data underwent
comparably strict plausibility checks that we have implemented
in the app, fake users and fraud registration for the study cannot
be completely ruled out. However, our fully remote study allows
user behavior in a real-life setting [12,21,40]. Additional
plausibility checks will be developed before the analysis of the
results. Another way to access the app could be on
recommendation of a gynecologist and/or family physician
within a therapeutic setting. Further study is required to make
a definite conclusion about the extent to which the app might
be of use in such a setting.
Data on user engagement in our study are limited so far. The
only indicator we currently use for assessing engagement is
based on the completion and response of the baseline questions.
Commercial apps often use analytic tools to track user
interaction with the app. These data can be used for the
evaluation of engagement [41], the optimization of the app, or
the addition of new features. In a study setting with strict privacy
considerations, we do not use these tools. In addition, adherence
would be a good measurement for user engagement. Data about
adherence is not available yet but will be considered as an
outcome of the study.
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Comparison With Prior Studies
The study app and the app-based trial result from adaptation
and amendments of our previous AKUD trial [12,27]. The
inclusion criteria of the research population are based on the
previous trial but were modified to meet the necessities of
remote recruitment. In the previous AKUD trial, participants
were recruited through onsite recruitment by 1 study center in
Berlin, Germany facilitated by advertisements (posters, flyers,
leaflets, students email lists, and subway advertisements).
Baseline data were recorded with paper-and-pencil surveys.
This way, it took 20 months to reach the recruitment target of
221 participants [12,27]. With the ResearchKit-based study app,
we are now able to reach participants across Germany.
For the assessment of access of app studies, Anguera et al [40]
reported the recruitment number, whereas Zens et al [14]
reported the consent/download rate. The percentage of consented
participants (27%) in our trial is lower than in other ResearchKit
studies [14,42,43]. The mPower study [42] reported 35%
consent/download rate, whereas the Back on Track study [14]
reported 58%. The differences might be explained by the
observational character of these studies and the application of
a comparably strict eligibility process in our study with 12
eligibility questions.
User adherence and survey response rate are usually considered
to be the measurements for evaluating engagement in app studies
[40,44,45]. However, as adherence data of the current trial are
not available in the current stage of the study, the baseline
survey response is used as a proxy for engagement.
The ResearchKit framework has been used for studies for many
health conditions, such as asthma [43], acute anterior cruciate
ligament ruptures [14], and Parkinson disease [42] since its
launch in 2015 [46]. To our knowledge, no ResearchKit clinical
trial for pain conditions has been conducted yet. Thurnheer et
al [5] reported 15 studies without ResearchKit and their efficacy
in a systematic review of app-based studies for pain
management. App-based studies have been conducted both for
acute pain such as acute needle stick pain [47] and acute pain
before coronarography [48] and for chronic pain such as chronic
cancer pain [49], neck pain [50], and low back pain [24,51]. No
mHealth-based interventional trial has been conducted for
examining the influence of an app promoting health behavior
and the use of acupressure on menstrual pain [5,52] so far.
Regarding the high prevalence of menstrual pain and the
increasing ownership of smartphones [12,53,54], our trial might
provide data that can have practical public health implications.

Conclusions
Conducting an evidence-based and up-to-date app study requires
multidisciplinary efforts. The resulting ResearchKit-based study
app for menstrual pain is accessible for the target population
with positive user engagement. However, future research is
necessary to investigate the determinants of user engagement,
optimal BCT application, and potential clinical scenarios for
app use.
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Abstract
Background: US military veterans who screen positive for hazardous drinking during primary care visits may benefit from a
mobile app. Step Away is an evidence-based mobile intervention system for the self-management of hazardous drinking. However,
Step Away was not designed for veterans, and differences between veterans and civilians could limit the reach and effectiveness
of the app with this population.
Objective: The primary objective of this study was to repurpose Step Away to address the needs and preferences of the veteran
primary care population. The Method for Program Adaptation through Community Engagement (M-PACE) model was used to
guide the adaptation process. This model can serve as a generalizable approach that other researchers and intervention developers
can follow to systematically tailor mobile health tools for a new population.
Methods: Veteran patients who screened positive for hazardous drinking during a primary care visit (n=12) and peer providers
employed by the US Veterans Health Administration (n=11) were recruited to systematically review Step Away and provide
feedback on its content and presentation via Web-based surveys and a semistructured interview. Participant feedback was reviewed
through an iterative process by key stakeholders who adjudicated which suggested modifications to the app could enhance
engagement and effectiveness with veterans while maintaining program integrity.
Results: Usability ratings of the individual modules of Step Away were uniformly positive across patients and peers, as was
the perceived utility of the app overall. Personalized feedback on the health consequences and costs of drinking, options for
customization, and the measurement-based care capabilities of the app were viewed as facilitators of engagement. Conversely,
lengthy text, small font, and a lack of interactive features were viewed as potential barriers with the older primary care population.
Modifications to create a veteran version of the app (Stand Down: Think Before You Drink) included altering the appearance of
the app to incorporate more veteran-centric content, adding links and options for resources and activities for veterans, and reducing
the amount of text and adding veteran-specific references and common concerns and triggers for drinking in this population.
Conclusions: The M-PACE model provided a systematic approach to repurpose Step Away to fit the needs and preferences of
veteran primary care patients who engage in hazardous drinking. Stand Down may serve as an innovative, low-cost means of
expanding access to care for veterans who engage in hazardous drinking.
(JMIR Mhealth Uhealth 2020;8(2):e16062) doi:10.2196/16062
KEYWORDS
veterans; hazardous drinking; Step Away; Stand Down; peer support
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Introduction
Overview
The evidence for various smartphone apps to improve users’
mental health is expanding [1,2]. Nonetheless, for many mobile
apps, the patient population for which they were developed and
validated differs in important ways from subpopulations that
may also benefit from these apps. To cite one of many possible
examples, an app developed on a young adult sample would
not necessarily be as appealing to the elderly population, thus
creating barriers to implementation [3]. Consequently, tailoring
mobile apps to maximize reach and effectiveness with new
populations defined by demographic and life experience factors
is essential. In this paper, we outline a systematic approach to
tailoring a mobile app for populations for which it was not
originally designed [4]. To illustrate this approach, we describe
a mobile-based intervention system for self-management of
drinking problems–Step Away [5-8]–that was originally
developed for the general population. We outline our efforts to
repurpose Step Away’s content and presentation to fit the
characteristics, needs, and preferences of US veterans to
maximize engagement and effectiveness with this population.

Hazardous Drinking Among US Veterans: Using
Mobile Apps to Improve Access to Care
Hazardous drinking—a pattern of alcohol use that increases an
individual’s risk for negative health consequences—is a
significant public health problem and financial burden on health
care systems and the society at large [9]. Hazardous drinking
is commonly assessed using the Alcohol Use Disorder
Identification Test for Consumption (AUDIT-C) [10], which is
also an effective screening questionnaire for identifying those
with a past-year diagnosis of an alcohol use disorder (AUD)
[11]. In the US Veterans Health Administration (VHA), 15%
to 30% of veterans screen positive for hazardous drinking on
the AUDIT-C during a primary care visit; however, most of
these patients do not obtain treatment for their drinking despite
wide availability of these services in VHA [12].
Mobile apps offer an innovative and low cost means of
expanding access to care for veterans who engage in hazardous
drinking. Such apps have the benefit of overcoming key barriers
to care access. For example, an app would make appointments
unnecessary, thus reducing the burden on both the VHA (eg,
staffing) and patients (eg, travel costs) [13,14]. Providing
veterans with an option for care that is private, self-directed,
and available as needed can also address the stigma that many
patients have in regard to alcohol use treatment [15]. There is
a need for an evidence-based mobile app that is customized and
targeted toward veterans to help them reduce or abstain from
alcohol use.

Step Away: Mobile App for Hazardous Drinking
Step Away is a mobile-based intervention program for
individuals who want to reduce or abstain from drinking but
are unable or unwilling to receive in-person care [5,16].
Development of Step Away was guided by the empirically
supported alcohol interventions of motivational enhancement
and cognitive-behavioral therapies, particularly relapse
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prevention and community reinforcement approaches [17,18].
For example, the app provides a comprehensive assessment of
drinking patterns, personalized feedback to enhance awareness
of drinking-related problems, tracking progress toward drinking
goals, and in-the-moment tools to help manage cravings and
triggers. Step Away is applicable to individuals with a range of
alcohol use severity as it allows a choice of either moderation
or abstinence as a drinking goal.
Published research on Step Away has focused exclusively on
the prototype version. In a pilot randomized controlled trial of
54 adults with an AUD diagnosis, the use of the prototype
version was associated with significant reductions in heavy
drinking days and drinks per drinking day over 6 weeks and
more percentage days abstinent relative to use of a Web-based
program (Drinker’s Check-up) plus bibliotherapy [7]. On the
basis of the usability ratings and system usage data, the
prototype was subsequently modified, named “Step Away,”
and is now available for download on iPhones and other iOS
(iPhone Operating System) platform mobile devices [19]. Step
Away contains 10 modules: (1) drinking patterns, (2) goals, (3)
rewards, (4) cravings, (5) strategies, (6) support persons, (7)
reminders, (8) high risk, (9) moods, and (10) new activities.
Step Away also includes a Get Help feature that provides
strategies and resources for individuals who need immediate
assistance to manage cravings or other problems, and Daily and
Weekly Interviews to help individuals monitor their alcohol use
and track progress toward their drinking goal [16]. The
acceptability and usability of the current version of Step Away
has not been reported, though recent unpublished work from
New Zealand and the United States indicates that acceptability
of this version is high (P Dulin, personal communication).

Tailoring Step Away for US Veterans
Step Away was not designed for US veterans per se. Differences
between veterans and civilians highlight the value of repurposing
Step Away to address the characteristics, needs, and preferences
of veterans. For example, modifications to the appearance of
mobile health (mHealth) tools to include references to military
culture can increase the likelihood that a veteran will identify
with the program’s content and engage with the tool [20].
Differences in the demographics and mental health needs of
veterans (vs civilians) may also be relevant. To date, the
development and validation of Step Away has been limited to
adults aged 18 to 45 years, whereas the majority of veterans
who screen positive for hazardous drinking during a primary
care visit are in mid-to-late life [21,22]. Consequently, less text
or larger font may be needed to facilitate usability among the
older veteran population [3]. Relative to young adults, older
adults who engage in hazardous drinking also struggle with
more comorbid medical conditions [23] and may therefore
benefit from feedback on the health consequences of drinking.
Finally, the rate of trauma exposure and the comorbidity
between hazardous drinking and posttraumatic stress disorder
is higher among veterans than in the general population [24].
Therefore, references to the association between trauma and
alcohol use may enhance the relevance of the app for some
veterans.
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This Study
The objective of this study was to repurpose the Step Away
mobile intervention system to create a version of the app that
would maximize engagement and effectiveness with US
veterans. To achieve this objective, we applied the Method for
Program Adaptation through Community Engagement
(M-PACE) model [4]. M-PACE is a systematic approach to
soliciting comprehensive feedback from stakeholders on
potential changes to an intervention to address differences in a
target population and deciding on which changes to implement.
Per the M-PACE model, incorporating consumer feedback into
the adaptation of an intervention, along with feedback from
relevant experts and program facilitators, results in improved
acceptability and utility of the intervention while maintaining
program fidelity. The goal is to enhance engagement of the
intervention in a new population without diluting the
intervention’s effectiveness.
The long-term goal of this research program is to integrate the
use of a veteran version of Step Away with telephone support
from peer providers. Such providers would be veterans who are
currently in recovery from addiction and have been trained to
serve other veterans who are actively struggling with these
issues. By encouraging utilization of the app and monitoring
Veterans’ progress toward their recovery goals, a peer provider
can provide supportive accountability to patients who use Step
Away, thus increasing the reach and sustainability of this app
with the veteran population [25]. Therefore, the samples for this
study were veteran patients who screened positive for hazardous
drinking during a VHA primary care visit and peer providers
who serve veterans with addiction.
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Methods
Participants
Patients
VHA administrative data were used to identify eligible patients
who received a positive screen on the AUDIT-C (scores of >4
for women and >5 for men) during a visit to a VHA primary
care clinic between July and October 2017. A total of 150
eligible patients were sent a study invitation letter in the mail;
patients who did not respond to the letter were called
approximately 1 week later. Overall, 81 patients (81/150, 54.0%)
opted out, 33 (33/150, 22.0%) did not respond to a voicemail
message, and 13 (13/150, 8.7%) were unable to be reached
because of their message inbox being full or the phone number
listed in patients’ medical records being incorrect or not in
service. Furthermore, 23 patients (23/150, 15.3%) were able to
be reached and expressed interest in the study. Among this pool
of interested patients, quota sampling based on gender, age, and
race and ethnicity was used to select a representative sample of
VHA primary care patients who screened positive for hazardous
drinking. A total of 13 patients were initially enrolled, and 1
withdrew, yielding a sample of 12 (see sample characteristics
in Table 1). Patient participants were mostly male (11/12, 92%),
white (non-Hispanic; 7/12, 58%), college educated (9/12, 75%),
and 58.9 years old, on average (SD 19.4). At the time of
enrollment, 4 participants reported that they were currently
receiving mental health treatment for mental health issues; none
of them reported receiving treatment for addiction. Per
AUDIT-C scores from the administrative records, patients
reported a moderate level of drinking problems (mean 6.3, SD
2.4; out of a possible score of 12).
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Table 1. Sample characteristics.
Variable

Patients (N=12)

Peers (N=11)

Male

11 (92)

9 (82)

Female

1 (8)

2 (18)

African American/black

4 (33)

1 (9)

White (non-Hispanic)

7 (58)

7 (64)

Hispanic

0 (0)

3 (27)

Other

3 (25)

0 (0)

58.9 (19.4)

48.3 (9.4)

High school diploma/General Equivalency Degree

1 (8)

5 (46)

Some college

2 (17)

3 (27)

4-year college/university

5 (42)

2 (18)

Graduate degree

4 (33)

1 (9)

4.5 (0.8)

4.4 (0.9)

1=very uncomfortable, n (%)

0 (0)

0 (0)

5=very comfortable, n (%)

8 (67)

7 (64)

Personal device

8 (67)

5 (46)

Study-provided iPod Touch

4 (33)

6 (55)

Gender, n (%)

Race and ethnicity, n (%)

Age, mean (SD)
Education (highest level), n (%)

Smartphone comfort level (1-5 scale), mean (SD)

Device used during the study, n (%)

Peer Providers
A convenience sample of peer providers was recruited across
5 VHA facilities. Peer providers were eligible if they were
veterans, worked with other veterans with alcohol use problems,
and had been employed by VHA for at least 6 months.
Approximately 71 peer providers were informed about the study
through passive recruitment strategies, that is, mass emails to
provider listservs and phone and in-person meetings with teams
of peer support specialists and addiction therapists) rather than
individual contacts. Overall, 13 peer providers contacted the
study staff to express an interest and were enrolled, 2 of whom
ultimately withdrew, yielding a sample of 11 (see sample
characteristics in Table 1). Provider participants were mostly
male (9/11, 82%), were white (non-Hispanic; 7/11, 64%), had
at least some college education (6/11, 55%), and were 48.3 years
old on average (SD 9.4 years). In addition, 3 participants were
employed by the VHA as addiction therapists, and 8 were
employed as peer support specialists. Among them, 5
participants reported working in their position for less than 3
years, and 6 participants reported working in their position for
3 years or more.

Procedures
Method for Program Adaptation Through Community
Engagement Steps
The M-PACE model guided adaptation of Step Away for the
veteran population [4]. The first step involved creation of a
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steering committee with members who represented key
stakeholders in adaptation of the intervention—that is,
researchers, practitioners, program developers, and patients.
Specifically, the committee for this study comprised 12
individuals: 6 research investigators (experts on addiction among
veterans, evidence-based treatments for AUD, and mHealth),
the app developer (PLD), 4 VHA administrators and clinicians
in primary care–mental health integration and peer support
services at both the local and national levels, and a representative
of a Veteran and Family Engagement Council. The second step
of the M-PACE model involved implementing the program as
originally designed with patients and providers who will
ultimately use the adapted intervention. This study’s target users
were veterans who screened positive for hazardous drinking
during primary care visits and peer providers who would provide
telephone-based care to veterans using the app. The third step
involved systematically soliciting feedback and suggestions for
change from patients and providers, using both qualitative and
quantitative research methods. Surveys with open-ended and
scaled items were used to assess likes, dislikes, and
recommendations for change during the course of the
intervention and soon after its completion. The fourth step
involved summarizing the quantitative and qualitative data and
reviewing results with the steering committee. During the fifth
step—adjudicating participants’ feedback—each suggestion for
change was evaluated using 3 criteria: importance (degree to
which the change will improve effectiveness of the intervention),
feasibility (degree to which additional burden would be placed
on patients, providers, or program developers), and congruence
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(degree to which the suggested changes work with or against
the core change features of the intervention). After evaluating
each suggestion, the steering committee decided whether to
implement the suggested change.

Data Collection
After enrollment, patients and providers completed a baseline
interview to assess demographics and rate their comfort using
a smartphone on a 5-point scale (1=very uncomfortable, 5=very
comfortable). Both patients and peer providers reported a high
level of comfort in using these devices (see Table 1). Patients
were also queried on their current receipt of mental health or
addiction treatment, and peer providers were queried on their
length of employment in the VHA. A research assistant (RA)
then assisted participants with downloading the unmodified
Step Away app to their iPhone (the app was only available on
the iOS platform at the time) or a study-provided iPod Touch.
The majority of patients used their personal device (8/12, 67%),
whereas the majority of peer providers borrowed an iPod Touch
(6/11, 55%). Participants were asked to use the app daily for
10 days, reviewing an average of 1 of the 10 modules per day,
and to complete daily surveys (sent via email using REDCap)
to provide feedback on each module’s usability. Participants
were provided with a written guide to direct their review of the
individual modules. This approach to data collection increases
participants’ accurate recall of feelings and reactions to program
material and obtains suggestions that are specific to elements
of a program (eg, a given module) rather than generalized across
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program material [4]. The daily surveys consisted of 5 items
involving quantitative ratings of the usefulness (1=not at all
useful, 5=very useful) and difficulty of using a certain Step
Away module (1=not at all difficult, 5=very difficult), and 3
open-ended questions asking what the participant liked, what
they disliked, and what they would change about the module.
With exception of the Reminders module, usability ratings for
modules were completed by a majority of participants (see Table
2). Semistructured interviews were conducted by phone 2 weeks
after enrollment to obtain global feedback from participants on
the perceived utility of Step Away, facilitators and barriers to
engagement with the app, and suggested modifications to
enhance engagement and effectiveness with veteran primary
care patients. App usage data were extracted from the app during
the 2-week period to validate participants’ use of the app during
their participation. Owing to limited Wi-Fi availability, 5
participants who borrowed an iPod Touch did not have their
app usage data uploaded to the Cloud-based storage system
where app usage was being tracked. Therefore, data on app
usage were available for 18 participants (9 patients and 9 peers).
These participants launched an average of 5.3 (SD=4.2) of the
10 app modules and reviewed the app for an average of 150.2
min (SD=43.3) over the 2-week period. Patient participants
were paid US $25 for the follow-up interview, US $5 per
Web-based survey, and an additional US $25 if they completed
all 10 Web-based surveys. All participant procedures were
approved by the local institutional review board.
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Table 2. Usability ratings of the Step Away modules from veteran patients and peer providers.
Module

Total sample

Patients

Peers

Sample responses to free-text questions

Usefulness,
mean (SD)

Difficulty,
mean (SD)

Usefulness,
mean (SD)

Difficulty,
mean (SD)

Usefulness,
mean (SD)

Difficulty,
mean (SD)

Liked

Disliked/would
change

3.76 (0.9)

1.88 (1.1)

3.63 (0.9)

1.86 (1.2)

3.90 (0.7)

1.90 (0.9)

“Allows user to
see how much
they drink and
the financial
cost of drinking.” [Peer-004]

“Shorten, simplify. I
find alcoholics are
impatient while actively drinking.”
[Peer-002]

Goalsb

4.06 (0.9)

1.88 (0.8)

3.67 (1.1)

1.86 (0.9)

4.44 (0.7)

1.89 (0.8)

“Health and
“Explanations were
money as bene- very long.” [Patientfits of not drink- 005]
ing.” [Patient001]

Rewardsc

3.76 (1.3)

1.62 (1.2)

3.38 (1.1)

1.06 (0.2)

4.11 (1.4)

2.11 (1.5)

“Allows for
custom input
for rewards.”
[Peer-012]

“Add reward choices
that will appeal to
lower income vets.”
[Patient-008]

Cravingsd

4.21 (1.1)

1.64 (1.2)

3.83 (1.3)

1.50 (0.8)

4.50 (0.8)

1.75 (1.4)

“You can isolate and identify
specific triggers.” [Peer013]

“A lot of reading
and less interacting
in this step.” [Peer012]

Strategiese

4.00 (1.2)

1.93 (1.3)

4.00 (1.0)

1.57 (1.1)

4.00 (1.4)

2.29 (1.5)

“Good variety
of strategies.”
[Patient-003]

“Seemed aimed at
heavy drinkers.”
[Patient-008]

Support per-

3.81 (1.0)

1.41 (0.7)

3.63 (1.1)

1.56 (0.9)

4.00 (1.1)

1.25 (0.5)

“Actually
putting in the
number and
email of the
person.” [Peer001]

“Prompt user to
check in with someone every day.”
[Peer-006]

Remindersg

3.60 (1.1)

1.60 (1.1)

3.29 (1.1)

1.71 (1.3)

4.33 (0.6)

1.33 (0.6)

“Different ways
to personalize
reasons for
change (eg,
photos of loved
ones).” [Patient003]

“More text space to
provide reasons for
change.” [Patient010]

High riskh

3.75 (0.9)

1.33 (0.8)

3.67 (0.8)

1.00 (0.0)

3.83 (0.9)

1.67 (1.0)

“Allows me to
see what time I
am more at risk
to drink.” [Peer009]

“Provide link to supports as way to deal
with high-risk
times.” [Patient-013]

Moodsi

3.94 (0.7)

1.34 (0.6)

3.86 (0.7)

1.14 (0.4)

4.00 (0.7)

1.50 (0.7)

“Keeps weekly “More information
track of fluctua- regarding graphs.”
tions in mood.” [Patient-010]
[Patient-011]

New activi-

4.23 (0.8)

1.54 (0.9)

4.40 (0.9)

1.40 (0.9)

4.13 (0.8)

1.63 (0.9)

“Easy to customize. Allows
you to plan
ahead for a
high-risk time.”
[Peer-013]

Drinking patternsa

sonsf

tiesj

a

“Expand to track activities taken up instead of drinking.”
[Patient-010]

NTotal sample=21, NPatients=11, NPeers=10.

b

NTotal sample=18, NPatients=9, NPeers=9.

c

NTotal sample=17, NPatients=8, NPeers=9.

d

NTotal sample=14, NPatients=6, NPeers=8.
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NTotal sample=15, NPatients=8, NPeers=7.

f

NTotal sample=16, NPatients=8, NPeers=8.

g

NTotal sample=10, NPatients=7, NPeers=3.

h

NTotal sample=12, NPatients=6, NPeers=6.

i

NTotal sample=16, NPatients=7, NPeers=9.

j

NTotal sample=13, NPatients=5, NPeers=8.

Data Analysis
Descriptive statistics were calculated for quantitative items from
the daily surveys and the follow-up interview. Textual data from
the open-ended questions of the daily surveys and the follow-up
interviews were analyzed using techniques for rapid qualitative
analysis recommended by Hamilton [26]. Specifically, 2 RAs
reviewed responses to the daily surveys, listened to the audio
recordings from the semistructured interviews, and took detailed
notes using a template to summarize responses to the survey
and interview questions and document preliminary themes
related to facilitators and barriers to engagement and suggested
modifications. The RAs then copied these notes into an Excel
matrix to compare the preliminary themes for each question
(columns) across participants (rows). This matrix was organized
such that the summary of participants’ response to a question
and the preliminary theme were entered into each cell.
Furthermore, 2 study investigators independently reviewed the
composite matrix of these summarized responses to identify
global themes in the data corresponding to domains of
facilitators and barriers to engagement and suggested
modifications to enhance the engagement and effectiveness of
Step Away among veterans who engaged in hazardous drinking.
The investigators then met to review their independently derived
lists of themes and engaged in a consensus process to rectify
disagreements and finalize the themes in each of these domains.

Results
Usability Ratings of the Step Away Modules
Table 2 provides the daily survey ratings of each Step Away
module in terms of usefulness and difficulty. In general, the
modules were rated as moderate-to-high in usefulness and low
in difficulty. Table 2 also provides sample responses to the
free-text questions regarding what participants liked, what they
disliked, and what they would change about each module. The
suggestions for change typically followed directly from what
participants reported disliking about a module; therefore,
responses to those questions were combined for summarizing
and reporting. Across modules, participants reported liking the
ability to customize and personalize information as well as the
ability of different modules to track changes in the information
that users provided. Aspects of the modules that participants
tended to dislike or would change pertained to the heavy amount
of reading, a desire for the module to interact more with the
user, and expanding the extent to which modules could track
the information entered by the user. Notably, across modules,
responses to the free-text questions addressed themes of money
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and finances (eg, liking how the app highlighted the financial
costs of drinking and suggestions to add options for recreational
activities for low-income veterans).

Perceived Utility of Step Away
When asked, “Will the app help veterans reduce the amount
they drink or how often they drink?,” 22 of the 23 participants
answered affirmatively. When asked, “How likely are you to
continue using Step Away?,” 15 of the 23 participants indicated
plans to continue using the app or said they would continue to
use it if it were available on their personal phone. Patient
participants noted the benefits for increasing their access to care
and ability to monitor their drinking over time:
It would help. Not a lot of people are in an area where
there’s availability for help. It’s helped me already.
[Patient-009]
It's good because you can put in the exact number of
drinks and track your progress. I think I personally
drank less while using it. [Patient-011]
Peer participants also noted the benefits of the app for reducing
a patients’ drinking, although they added that this would depend
on another person keeping the patient accountable for using it:
If they have a solid support system that reminds them
of using the app it would be helpful. [Peer-002]
Yes, it will hold them accountable and help them. As
long as they’re reminded to use it, it would help.
[Peer-010]

Facilitators and Barriers to Engagement With Step
Away
Regarding facilitators to their engagement with Step Away,
participants noted the (1) reminders on high-risk times and
situations; (2) encouraging rewards for reaching one’s drinking
goals; (3) personalized feedback, particularly around the
financial costs and health consequences of alcohol use; (4)
ability to customize one’s drinking goal and other features of
the app; and (5) measurement capabilities, such as the app’s
ability to track one’s drinking and progress toward their drinking
goal (see Table 3). In terms of barriers to engagement with the
app, participants noted (1) key features of Step Away that felt
hidden or insufficiently highlighted (eg, the Get Help feature
and options for customization), (2) concerns that some aspects
of the interface could limit user engagement (eg, not
user-friendly for elderly patients because of the small font size,
not enough visuals and graphics and the app is text heavy), and
(3) privacy concerns that were insufficiently acknowledged.
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Table 3. Facilitators and barriers to engagement with Step Away.
Themes

Sample quotations

Facilitator
Reminders on high-risk times and situations

“[I like that it] provides education and awareness of risky situations and times of drinking.”
[Patient-005]; “I like that it reminded me when I was coming up on a time I was going
to drink.” [Peer-006]

Encouraging rewards for reaching drinking goals

“Rewards for milestones reached were helpful. Sometimes veterans don’t know what to
do for themselves as a reward instead of drinking. Typically, they would go out and have
a drink.” [Peer-001]

Personalized feedback regarding financial costs and
health consequences of alcohol use

“Information about amount of money spent on alcohol was useful” [Peer-004]; “Good
information in terms of caloric impact of my drinking and how alcohol may be affecting
my problems with weight control.” [Patient-013]

Ability to customize one’s drinking goal and various
app features

“It allowed me to set up a schedule to be notified; it engaged me and helped me be involved…it made it more personalized.” [Patient-008]; “I like that it gives a choice of
moderation. That makes it helpful for people who might not want to fully quit but still
want help.” [Peer-011]

Measurement capabilities (eg, ability of app to track
drinking and progress toward goals)

“If you want to change something, measure it. [The app] helps vets pay attention to what
they’re doing and keep track of progress so they have an idea of what they need to change.”
[Patient-010)

Barrier
Key features appeared hidden or were insufficiently
“I tend not to click on help icons. One reason is because I typically don’t find the answer
highlighted: The “Get Help” feature; more options for I’m looking for and another is because I did not feel the need to use the feature.” [Patientcustomization
010]
Concerns that some aspects of the interface could
limit user engagement: Not user-friendly for elderly
patients (eg, small font size); “Text heavy”—not
enough visuals and graphics.

“It was hard to read. It would be nice if they could be magnified for people with older
eyes.” [Patient-013]; “I don’t think it would be helpful for vets who are actively drinking.
Too much reading.” [Peer-004]

Privacy concerns insufficiently acknowledged

“Trust issues with government and VA. Fear of breach of confidentiality. Those who are
new to sobriety might be overwhelmed.” [Peer-002]; “Provide a rationale as to why we
are putting contacts in, for example, including that [providing personal information]
typically helps people for reasons x, y, and z; otherwise it could be triggering.” [Patient005]

Suggested Modifications to Enhance Engagement and
Effectiveness of Step Away Among Veterans
The qualitative interviews yielded themes to enhance
engagement and effectiveness of Step Away with the veteran
population (see Multimedia Appendix 1, Column 1 for a bulleted
outline of the suggested modifications). One theme focused on
modifying the appearance and design of the app to include more
veteran-centric content. Another theme related to the need to
revise the text to increase the usability and relevance of the app
for older and/or lower-income veterans. Other veteran-centric
modifications included adding links to resources and services
for veterans in crisis or seeking treatment; adding information
on drinking problems among veterans; adding more
preprogrammed response options relevant to veteran preferences
and needs; and addressing potential privacy concerns among
veterans such as whether the app data would be entered into
patients’ Veterans Affairs (VA) medical records. Although
many suggestions focused on how to repurpose the app for
veterans per se, other modification themes focused on ways to
increase the usability of the app more generally. For example,
participants suggested more orientation to the app when users
set up the program; more use of graphics to track progress
toward one’s drinking goal over time; more interactive features,
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and increasing access and engagement with the app content
more generally.

Adjudicating the Suggested Modifications to Step Away
Following the analyses, 2 meetings with the steering committee
were convened. The first meeting (daylong) was held in person,
with remote members attending by phone. Committee members
downloaded Step Away to their iPhones or a study-provided
iPod Touch to review the app before the meeting. During the
meeting, a demonstration of Step Away’s content and
functionality was given by the lead author. Participant feedback
and other summary findings were then reviewed, and the
suggested modifications to Step Away were discussed and
operationalized. Committee members were asked to evaluate
the suggested modifications according to 3 criteria:
importance—the degree to which the change could enhance
Step Away’s effectiveness and engagement with the veteran
primary care population; feasibility—how burdensome the
change would be to veterans, peer providers, and/or app
developers; and congruence—did the change work with or
against the core components of Step Away.
Following this meeting, a list of proposed changes to Step Away
to create a veteran version of the app was drafted by the lead
(DMB) and senior authors (PLD) and emailed to committee
members. Members rated each of the proposed changes in terms
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of whether it was (1) essential, (2) nice to have, but not essential,
or (3) not essential to incorporate into the veteran version of
the app. Proposed changes that received a rating of essential by
a majority of the committee members and were retained in the
final list are shown in Multimedia Appendix 1. Changes that
were not viewed as essential by a majority of committee
members included many of the interactive features that were
suggested by participants—for example, voiceover audio,
educational games, and link to an online forum. These changes
were viewed by the committee as too costly and resource
intensive to incorporate into the app’s format and were therefore
not included into the final list of changes.

Creating the Veteran Version of Step Away (Stand
Down: Think Before You Drink)
The lead and senior authors had a series of meetings to review
the progress on the planned changes, discuss and edit wireframes
of the changes, and conduct beta testing of the initial versions
of the revised app. To solicit feedback on specific content that
was being considered for inclusion in the app, a meeting was
convened with members of the Veteran and Family Engagement
Council at the local facility. This council assists with the
development and implementation of projects and initiatives at
the facility to ensure that the perspectives of veterans and their
family members are incorporated. After all the changes to Step
Away were completed and beta tested by the lead author and
an RA, a second meeting of the steering committee was
convened by phone. Before this meeting, an initial version of
the repurposed app—Stand Down: Think Before You Drink (or
Stand Down)—was made available to members for review. In
the military, Stand Down refers to a period of recovery after a
state of high alert; and among veterans, the term also refers to
multiday events in providing them with resources, services, and
referrals to additional services. During the meeting, major
changes to the app were reviewed and feedback was solicited
from the committee members regarding additional changes to
be made to the app. On the basis of this feedback, minor changes
were made to Stand Down, and the app was launched for
research use in the iTunes store [27].

Discussion
Principal Findings
The goal of this study was to use the M-PACE model to
repurpose the Step Away mobile intervention system for US
veterans. In particular, we sought to create a version of the app
that would enhance engagement and effectiveness with veterans
in primary care who screened positive for hazardous drinking,
many of whom are in mid-to-late life [21,22]. A key advantage
of using the M-PACE model was the ability to obtain feedback
on both the individual modules of Step Away and global
feedback on the app. Feedback on both facilitators and barriers
to engagement with Step Away was critical to this process,
which helped the Steering Committee adjudicate which
modifications to this app were most essential and how best to
implement them.
One strength of the app from the perspective of participants was
the personalized feedback provided via the DrinkingPatterns
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module. Personalized, norm-based feedback is viewed as an
essential component of brief interventions for drinking problems
[12] and is a feature not currently incorporated into other mobile
apps for drinking problems for veterans [28]. Feedback on the
financial costs and health consequences of drinking were
highlighted by participants and the steering committee as
common concerns of the target population that should be
emphasized in the veteran version of the app. These issues are
now highlighted to a greater extent in Stand Down than in Step
Away. Another perceived strength of the app was the ability of
users to customize the content to fit their needs and preferences,
such as their drinking goal, rewards, nondrinking activities, and
reminders. Such a personalized approach to care is consistent
with a broader shift in addiction and mental health treatment
toward more recovery-oriented and patient-centered approaches
to care designed around patients’ unique goals and priorities
for care [29,30]. To this end, Stand Down includes more
preprogrammed recreational activities for veterans including a
list of organizations that support veteran activities and events.
The measurement-based care capabilities of Step Away in terms
of tracking users’ alcohol use over time and progress toward
their drinking goal was also viewed as a strength by participants.
Consistent with a broader effort in VHA and the addiction
treatment literature of measurement-based care [31], this feature
of Step Away was expanded in Stand Down by showing users’
weekly progress toward their drinking goal on the home screen.
One potential barrier to engagement with Step Away was both
the size and the amount of text throughout the app’s modules.
Small font size may be particularly salient for the target
population, given that many veterans treated in primary care in
VHA are mid-to-late life and may have visual impairments [32].
Consistent with this, prior research has recommended using
larger font on mHealth tools targeted toward older adults [3].
Relatedly, other research has suggested minimizing text in
mHealth tools when possible to mitigate the potential for fatigue
[33]. Accordingly, a key modification to create the Stand Down
app involved a careful review of the app’s text files to identify
opportunities to shorten descriptions, break up long paragraphs,
and enumerate key information. These changes, along with more
proactive presentation of app content via the Message of the
Day, were intended to enhance the overall usability of the app
for the target population.
In addition to modifying Step Away to address the
characteristics of the veteran population and increase its
usability, other changes involved alterations to the look and feel
of the app to incorporate more veteran-centric content. For
example, we replaced both the app icon and the splash page that
users would see when they launch the app with an image of an
American flag (see Multimedia Appendix 1), embedded videos
of veterans describing their recovery from drinking problems,
and rebranded the app name. These changes are unlikely to have
an adverse impact on the effectiveness of the Step Away
program and may have the benefit of increasing the extent to
which veterans identify with the app. This approach to tailoring
an mHealth tool for the veteran population was employed
successfully in a recent study that modified a Web-based
intervention for anxiety and depression for rural veterans [20].
This study extends this principle of adapting mHealth tools for
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veterans to mobile apps and to the treatment of hazardous
drinking in this population.

Strengths, Limitations, and Future Directions
The design of this study included a number of strengths, many
of which are inherent to the M-PACE model. Specifically, we
used a mixed-methods approach to data collection to obtain
comprehensive feedback from key consumers (veteran patients
and peer providers) on the unmodified app. Drawing on the
principles of community-based participatory research [34], a
diverse set of stakeholders with expertise in addiction,
evidence-based treatments for AUD, primary care–mental health
integration, and mHealth was used to adjudicate the suggested
changes to Step Away. Furthermore, the iterative and systematic
approach to adjudication helped to identify which changes to
the app can maximize its effectiveness with veterans while also
being feasible to implement and congruent with the core
components of Step Sway [4]. These benefits of the M-PACE
model notwithstanding, there may be opportunities to extend
the model by incorporating elements from the field of
instructional design [35]. For example, cycles of formative
evaluation are common in instructional design models as they
allow for revisions of mHealth tools before implementation.
Such an approach could be incorporated into the M-PACE model
after the adjudication process by soliciting feedback on the new
tool with the same consumers who initially reviewed the
unmodified tool. This would permit assessment of whether the
suggested modifications were incorporated sufficiently or
whether further revisions to the mHealth tool are needed prior
to its implementation with the target population.
Among the study limitations, the patient feedback was based
on a sample from a single VA Health Care System, which may
not generalize to the perceptions of veterans in other clinics and
geographical regions. This limitation was somewhat countered
by soliciting feedback from peer providers across multiple
geographical regions in the United States. Furthermore, a
minority of both the patient and peer providers who were
contacted about the study agreed to participate; for patients, this
may reflect the fact that many veterans who screen positive for
alcohol use problems are not interested in receiving help.
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Consequently, feedback from these highly self-selected groups
may not be representative of the larger samples of veterans and
providers who could conceivably use the app. A larger sample
size of both patients and peer providers may also have been
advantageous. However, a substantial portion of the participant
feedback involved qualitative data, and sample sizes of 10 or
more are often sufficient for reaching thematic saturation and
conducting group comparisons in qualitative research [36,37].
The modest launch rate (5.3 out of the 10 app modules) and the
lower number of daily surveys completed for some of the Step
Away modules (eg, Reminders) also suggests that participants
may not have reviewed the full menu of tools available in Step
Away. Potentially, this modest level of app usage may be
improved by the modifications that were made through the
M-PACE process. Finally, this study did not provide data on
the acceptability or utility of the Stand Down app. Pilot testing
of this veteran-focused app is a critical next step in this program
research. Should it prove effective in future research for
improving the drinking outcomes of veterans engaging in
hazardous drinking, subsequent implementation research should
focus on how best to enhance the reach of the app with the target
population. Our involvement of key stakeholders at the national
level of VHA in this early stage of this program of research
should ultimately facilitate such efforts.

Conclusions
We used the M-PACE model to repurpose the Step Away mobile
intervention system to target the characteristics, needs, and
preferences of veterans who are identified in primary care
settings as engaging in hazardous drinking. We envision the
approach outlined here as a generalizable method that other
researchers can follow to systematically tailor an mHealth tool
to maximize engagement and effectiveness of an app with a
patient population for which the app was not originally designed.
Ultimately, the use of Stand Down may serve as an innovative,
low-cost means of overcoming barriers to access and
engagement in alcohol use treatment among veteran primary
care patients. Our preliminary study of this app would benefit
from a follow-up study in a larger population and involving
patients across multiple VA medical centers.
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Abstract
Background: More than a million health and well-being apps are available from the Apple and Google app stores. Some apps
use built-in mobile phone sensors to generate health data. Clinicians and patients can find information regarding safe and effective
mobile health (mHealth) apps in third party–curated mHealth app libraries.
Objective: These independent Web-based repositories guide app selection from trusted lists, but do they offer apps using
ubiquitous, low-cost smartphone sensors to improve health? This study aimed to identify the types of built-in mobile phone
sensors used in apps listed on curated health app libraries, the range of health conditions these apps address, and the cross-platform
availability of the apps.
Methods: This systematic survey reviewed three such repositories (National Health Service Apps Library, AppScript, and
MyHealthApps), assessing the availability of apps using built-in mobile phone sensors for the diagnosis or treatment of health
conditions.
Results: A total of 18 such apps were identified and included in this survey, representing 1.1% (8/699) to 3% (2/76) of all apps
offered by the respective libraries examined. About one-third (7/18, 39%) of the identified apps offered cross-platform Apple
and Android versions, with a further 50% (9/18) only dedicated to Apple and 11% (2/18) to Android. About one-fourth (4/18,
22%) of the identified apps offered dedicated diagnostic functions, with a majority featuring therapeutic (9/18, 50%) or combined
functionality (5/18, 28%). Cameras, touch screens, and microphones were the most frequently used built-in sensors. Health
concerns addressed by these apps included respiratory, dermatological, neurological, and anxiety conditions.
Conclusions: Diligent mHealth app library curation, medical device regulation constraints, and cross-platform differences in
mobile phone sensor architectures may all contribute to the observed limited availability of mHealth apps using built-in phone
sensors in curated mHealth app libraries. However, more efforts are needed to increase the number of such apps on curated lists,
as they offer easily accessible low-cost options to assist people in managing clinical conditions.
(JMIR Mhealth Uhealth 2020;8(2):e16741) doi:10.2196/16741
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Introduction
Background
With origins in the early 1990s and the inception of devices
such as the IBM Simon Personal Communicator, early
smartphone devices offered untethered mobile telephony,
augmented by a humble suite of modular apps to extend basic
phone functionality, hence the smart moniker in smartphone
[1,2]. Nearly 3 billion people worldwide now use smartphones
[3]. The release of the Apple iPhone in 2007 and subsequent
competing Android smartphone offerings from Google and
other vendors saw the emergence of platform-specific app stores,
offering downloadable apps for a myriad of purposes [4]. Of
the estimated 4.5 million apps available in the Google and Apple
app stores, a million collectively pertain to health, fitness,
nutrition, and well-being in general [5,6]. A subset of 300,000
of these apps may be regarded as bona fide mobile health
(mHealth) apps, some of which may be potentially prescribed
to patients for the diagnosis or treatment of health conditions
[7]. Acknowledged by the World Health Organization in 2011,
mHealth is defined as medical and public health practices
supported by mobile devices, such as mobile phones,
patient-monitoring devices, personal digital assistants, and other
devices such as wearables [8]. More than 500 million people
worldwide are believed to have downloaded one or more
mHealth apps to their mobile phone [9].

Digital Disruption, Prescription, and Self-Prescription
of Apps
Innovation is a hallmark of developments in medical technology,
with a rich pedigree that long precedes contemporary digital
disruption such as that attributable to mobile telephones and
related technologies [10]. In 1995, Christensen and Bower
[11,12] coined the term disruptive technology (later termed
disruptive innovation) to describe the creation of new markets
in response to novel emergent technologies based on values that
are different from that of existing markets. Ubiquity,
accessibility, and familiarity with mobile phone technology,
combined with increasing general interest in health and the
rising cost of clinician-led health care, may all contribute to the
emergence of one such new disrupted market, namely, in the
context of mHealth [10]. Health consumers may now
independently seek out mHealth apps to assist with the diagnosis
or management of health conditions [13]. Mobile phone camera
apps for wound care and microphone apps for sleep apnea
management are examples of mHealth apps using built-in
sensors where diagnostic or treatment procedures once restricted
to the realms of formal medical consultation are now accessible
to laypersons for download and self-prescription, constituting
potential disruption, which circumvents traditional
clinician-initiated care and supervision [14,15].
Self-management of health conditions without adequate medical
guidance (colloquially termed the Dr Google effect) is viewed
https://mhealth.jmir.org/2020/2/e16741

XSL• FO
RenderX

by some as a disruption to traditional doctor-patient
relationships, with potential risks of delayed (or incorrect)
diagnosis or inadequate treatment because of the selection of
malfunctioning and ineffective or inappropriate mHealth apps
[16,17]. On the contrary, others cite the emergence of the
Quantified Self movement in the 1970s and ensuing
developments in areas such as Precision Medicine as offering
patients the opportunity to leverage mobile phone technology
to improve health, heralding a democratization of information
control in health care [18-21]. In contrast to self-initiated
engagement with mHealth, some apps may be prescribed to
patients under the guidance of health professionals [7,15]. Badly
behaving mHealth apps pose regulatory challenges regarding
the evidence of app quality, safety, and efficacy and present
risks to human health by potential misdiagnosis and inadequate
or ineffective treatments, or by delaying face-to-face medical
consultations [7,15,22,23].

Taxonomies for Mobile Health App Sensors
Several taxonomies exist for describing mHealth apps; one
simple method categorizes them as either passive or active [23].
Passive mHealth apps display static health information pages
or acquire hand-keyed input of health information. In contrast,
active mHealth apps generate some form of health data [13,23].
It is in this latter active realm that sensor-based mHealth apps
reside. Built-in smartphone sensors are readily accessible in the
devices owned by billions of mobile phone users worldwide.
Smartphones have evolved to incorporate environment and
position sensors to augment and enhance device functionality
[24]. In addition to sound detection by the phone microphone,
cameras document the visual world [25]. Touch screens facilitate
flexible display presentation and command initiation [25].
Accelerometers sense device orientation and adjust screen
display layout in either portrait or landscape modes accordingly,
whereas GPS locates devices geographically [25].

Regulation and Compliance Issues
The utility of such a trove of sensors has not gone unnoticed by
clinicians and app developers alike [24,26]. Pedometer apps
have been coded to count steps based on accelerometer
monitoring [27]. Photoplethysmography apps leverage mobile
phone cameras to detect changes in skin color with blood flow,
estimating respiratory rate, heart rate (and heart rate variability),
blood pressure, and blood oxygen saturation [28-31]. Examples
abound as to innovative uses of sensor information for gathering
health data [26]. In contrast, examples also exist highlighting
deficiencies in some sensor-based mHealth apps. For example,
blood pressure values based on pulse estimates from a particular
camera-based smartphone app were demonstrated to be
erroneous, potentially exposing hypertensive persons to harm
with spurious readings [32]. Oximetry readings from another
camera-based app were found to be inaccurate, with the potential
for incorrect blood oxygen saturation readings to put users at
risk [33]. Regulatory authorities worldwide seek to mitigate
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this risk by deeming any app that attempts diagnosis or treatment
to be a medical device, requiring rigorous evaluation, testing,
and regulatory control [4]. Given the impost this places on app
developers, some have sought to circumvent regulation by
defining some apps as for entertainment or recreation or by
using sensor-generated data as an adjunct to an app’s operation
as opposed to its main purpose [23,34].

Searching for Apps Using Curated Libraries
App stores such as those offered by Apple and Google present
literally millions of results in response to searches on health
topics [4,35]. A 2016 review of clinical and health care–related
apps in the Google and Apple app stores found 36 apps for
clinical diagnosis and 44 patient health monitoring apps, with
the mobile phone camera identified as the predominant built-in
sensor used [35]. Mobile phone camera apps offered for
image-based diagnosis of eye and skin conditions, or
photoplethysmographic monitoring of pulse and estimated blood
pressure, and sleep apnea diagnostic apps using mobile phone
microphones are examples of sensor-based apps offered by
major app stores [15,34,35]. Information regarding vetting
procedures for the inclusion of apps in these vendor stores is
not publicly available [36]. For example, Apple is reported to
have introduced additional requirements for developers
regarding the measurement accuracy of apps, but details of these
requirements remain undisclosed [37]. The quality and safety
of mHealth apps offered by these vast stores are questioned by
some, as is the utility of listed app descriptions in facilitating
informed use of apps in a prescription context [37,38]. App
listing and availability are also tempered by emergent
government medical device regulatory requirements in Europe,
the United States, and elsewhere [4,36,39].
Distinct from app stores such as the Apple App Store and
Google Play Store, a number of independent third-party mHealth
app repositories have emerged, with the intent of providing
curated trusted lists of health apps for users to review and to
guide the selection of safe and effective mHealth apps [39].
Also known as health app clearinghouse websites, these libraries
are Web-based portals that do not host apps per se but offer
information and links to a range of vetted apps that have satisfied
selection criteria required for inclusion in the respective
repository [40-42]. Examples of such libraries include the
government-funded National Health Service (NHS) Apps
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Library in the United Kingdom and two privately funded
repositories, namely, AppScript in the United States and
MyHealthApps in Europe and the United Kingdom [43].
Curation of apps submitted to these libraries consists of varying
degrees of scrutiny [39]. Submissions to the NHS Apps Library
and AppScript repositories require app developers to respond
to questions regarding app quality and safety, which are
evaluated by curators of these libraries using proprietary scoring
methodologies, whereas the MyHealthApps site incorporates
reviews from patients [13,22,44]. Intended audiences for such
curated apps include clinicians (with the intent to prescribe an
app for use by a patient) as well as laypersons seeking to
self-manage their health. In contrast to reviews regarding the
availability of mHealth apps in popular Google and Apple app
stores (including those using built-in smartphone sensors), there
is a paucity of information regarding sensor-based mHealth
apps offered by third party–curated mHealth app libraries
[4,16,35].

Objective
Given the potential for health improvement arising from the
availability and utility of built-in sensors in billions of
smartphones worldwide, the purpose of this systematic survey
was to identify smartphone mHealth apps using built-in sensors,
offered by three popular contemporary international curated
mHealth app repositories, and to assess which health conditions
these apps address and whether they are available across
different platforms [39,43,45].

Methods
Libraries Selected for Survey
This survey, conducted in October 2019, considered all mHealth
app listings in the NHS Apps Library, AppScript, and
MyHealthApps–curated mHealth app repositories (Figure 1)
[46-48]. These libraries were selected as examples of
government-funded (NHS Apps Library) and privately funded
curated mHealth app repositories (AppScript and
MyHealthApps) [4,15,36,41]. The latter two privately funded
libraries differ in that MyHealthApps incorporates patient
reviews in the curation process, whereas AppScript uses a
proprietary scoring process [22,41,44].
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram for survey.

Identification of Apps for Inclusion
All apps addressing health conditions using built-in mobile
phone sensors to generate health data were identified using the
publicly accessible search interfaces offered by each repository.
As no search criteria were offered by these sites for filtering
and identifying sensor-based apps, manual screening of the
descriptions of all individual apps listed by each website was
conducted by the lead researcher to screen for the use of built-in
mobile phone sensors. Curated library descriptions for identified
apps were inspected to categorize the purpose of the app as
solely diagnostic, therapeutic, or a combination of both.
Diagnostic apps were defined as those that identify the nature
of a health condition, in contrast to treatment apps, which
offered features for health condition management. Health
conditions addressed by included apps were classified based on
the description provided by each repository.

Exclusion Criteria
Apps using external or add-on sensors and nonsmartphone
wearable device apps were excluded from this survey, as
external components may impose additional cost, complexity,
or excessive battery consumption, potentially reducing
availability or accessibility to smartphone mHealth users [49].
Propeller is an example of an asthma therapy coaching app
using an external Bluetooth sensor, which was excluded from
this study [47]. Exercise, general activity, and accessibility apps
were also excluded, as only apps used in diagnosis or treatment
of specific health conditions were in scope of this survey.
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Runkeeper is an example of a GPS running tracker designed for
monitoring exercise but excluded from this study, as no specific
health condition was indicated for its use [47].

Availability of Apps
Mobile phone operating systems supported by included apps
were noted, assessing the availability of these apps by users of
the Apple iOS and Google Android phone types. The availability
of included apps on advertised platforms was confirmed by
following links advertised by each repository to inspect the
Apple and Google app store app listings for apps. Apps were
not downloaded or tested. App listings included as in scope by
the lead researcher were then reviewed by the research team.
Low numbers across result groups precluded rigorous statistical
analysis. Descriptive statistics were used where appropriate to
illustrate results and to allow comparison between different
libraries proportionate to respective library size.

Results
Overall Findings
A total of 1200 apps listed in the three selected curated mHealth
app repositories were identified (Figure 1). Of 1200 apps, 780
nonduplicated apps were screened for eligibility. A total of 18
mHealth apps using built-in smartphone sensors were found in
the three repositories surveyed. These represented 1.1% (8/699)
to 3% (2/76) of the total app count across respective curated
libraries (Table 1).
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Table 1. Built-in sensor smartphone apps found in surveyed mobile health app libraries.

a

Curated mobile health app library

Total apps identified (n=1200), n

Built-in sensor apps included (n=18), n (%)

NHSa Apps Library

76

2 (3)

AppScript

699

8 (1.1)

MyHealthApps

425

8 (1.9)

NHS: National Health Service.

Cross-Platform Availability

Included Apps

Half (9/18, 50%) of all apps inspected were offered solely for
use on the Apple iOS platform, with a further 11% (2/18)
dedicated to the Android operating system (Table 2). Only about
one-third (7/18, 39%) of the identified apps across all surveyed
libraries were available for cross-platform use on Apple iOS
and Android operating systems. The MyHealthApps repository
offered the greatest cross-platform app availability, with 5 of
the 8 (63%) identified apps in this library compatible with Apple
iOS and Android operating systems. Most AppScript listings
identified (6/8, 75%) were compatible only with Apple iOS.

Details of smartphone mHealth apps using built-in sensors
included from each respective curated mHealth library in this
survey are presented in Multimedia Appendix 1. Listings include
app type (ie, diagnostic, therapeutic, or both), sensor type used,
app name, description, mobile phone operating system, and
health concern addressed by each app.

Table 2. Operating systems for apps using built-in mobile phone sensors.
Operating system

a

Curated mobile health app library

Total, n (%)

NHSa Apps Library

AppScript

MyHealthApps

Apple iOS only

1

6

2

9 (50)

Android only

0

1

1

2 (11)

Both

1

1

5

7 (39)

Total

2

8

8

18 (100)

NHS: National Health Service.

Purpose of the Apps
Almost one-fourth (4/18, 22%) of all included apps were
dedicated entirely to the diagnosis of health conditions
(predominantly available in MyHealthApps), whereas half were

solely treatment oriented (Table 3). The AppScript and
MyHealthApps libraries offered comparable numbers of
combined diagnostic and therapeutic apps using built-in sensors,
whereas more apps dedicated to treatment were available in
AppScript compared with the other libraries.

Table 3. Purpose for mobile health apps identified using built-in mobile phone sensors.
Purpose

Curated mobile health app library
a

a

Total (n=18), n (%)

NHS Apps Library (n=2)

AppScript (n=8)

MyHealthApps (n=8)

Diagnostic (Dx)

0

1

3

4 (22)

Therapeutic (Rx)

2

5

2

9 (50)

Both

0

2

3

5 (28)

NHS: National Health Service.

Mobile Phone Sensors Used
Camera (7/18, 39%) and touch screens (6/18, 33%) were the
most frequently identified smartphone sensors used (Table 4).
Microphones and accelerometers (and mobile phone speakers)
were found to be less frequently used sensors in the identified
apps. No GPS-based mHealth apps were identified in this
survey. MyHealthApps offered more camera-based apps than
the other libraries combined, whereas AppScript listed more
apps using touch screens and microphones.
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Smartphone
cameras
assessed
pulse
rate
using
photoplethysmography in an anxiety treatment app (Beat Panic),
a respiratory therapy app (HeartRate+ Coherence), and a cardiac
app (Instant Heart Rate). Beat Panic and Heart Rate+ Coherence
are examples where smartphone pulse rate sensing is a secondary
function to support a main therapy, namely, anxiety management
and breathing exercise, respectively. Camera images were also
used for automated skin cancer diagnosis (SpotMole) and in
capturing images for dermatological diagnosis (UMSkinCheck,
iDoc24, and MyPso).
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In addition to capturing responses to speaker-generated tones
in audiology testing, touch screens were used in vision training
(Vision training 1 and Visual Attention Therapy Lite),
neurological tremor assessment (pdFIT and Dexteria), and
anxiety management (Chill Panda and Antistress

Chromotherapy). Microphone sensors were
respiratory therapy apps (Breathing Zone,
SnoreMonitor SleepLab). The use of a
accelerometer sensor was identified in a
neurological tremor assessment (LiftPulse).

used in several
SnoreLab, and
mobile phone
single app for

Table 4. Sensor types found in curated mobile health app libraries.
Sensor

a

Curated mobile health app library

Total (n=18), n (%)

NHSa Apps Library (n=2)

AppScript (n=8)

MyHealthApps (n=8)

Camera

1

2

4

7 (39)

Touch screen

1

3

2

6 (33)

Microphone

0

3

0

3 (17)

Accelerometer

0

0

1

1 (6)

Speaker

0

0

1

1 (6)

NHS: National Health Service.

Health Conditions Addressed
Respiratory (4/18, 22%), dermatological (4/18, 22%),
neurological (3/18, 17%), anxiety (3/18, 17%), and visual health
(2/18, 11%) were the predominant health concerns addressed
by the identified apps (Table 5). MyHealthApps and AppScript

libraries listed more apps addressing a wider range of health
conditions than the NHS Apps Library. The AppScript
repository presented more apps for respiratory-related
conditions, concerning snoring (n=2) and breathing exercises
(n=2). Both the apps using built-in sensors in the NHS Apps
Library addressed the management of anxiety.

Table 5. Summary of health conditions where built-in mobile phone sensors were used.
Health condition

a

Curated mobile health app library

Total (n=18), n (%)

NHSa Apps Library (n=2)

AppScript (n=8)

MyHealthApps (n=8)

Respiratory

0

4

0

4 (22)

Dermatology and skin cancer

0

1

3

4 (22)

Anxiety

2

0

1

3 (17)

Neurology

0

1

2

3 (17)

Visual acuity

0

2

0

2 (11)

Audiology

0

0

1

1 (6)

Cardiology

0

0

1

1 (6)

NHS: National Health Service.

Sensor Types and Health Conditions
Mobile phone cameras are employed in addressing the broadest
range of health issues (Table 6). For example, skin cancer
assessment camera apps are available in MyHealthApps and
AppScript repositories. Diagnostic pattern-matching algorithms
analyze acquired camera images of skin lesions in one app in
the MyHealthApps library, whereas another from AppScript
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captures photos for later analysis by a physician. General
dermatology apps using smartphone cameras to capture images
are listed in the MyHealthApps library. In addition, two apps
for the assessment of tremor were identified in the AppScript
and MyHealthApps libraries, using the touch screen to assess
touch accuracy in Parkinson disease symptom assessment and
accelerometer sensors to detect tremor-induced movements,
respectively.
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Table 6. Sensors, health conditions, and methodologies identified.
Sensor and health condition

Measure

Methodology used

General anxiety disorder

Heart rate

Photoplethysmography

Cardiac

Heart rate

Photoplethysmography

Dermatology (n=2)

Photography

Clinician inspection

Respiratory (breathing exercise)

Heart rate variability

Photoplethysmography

Skin cancer

Photography

Steganographic pattern matching from photo

Skin cancer

Photography

Clinician inspection

Panic attacks

Screen image display

Images displayed to reduce panic

Visual acuity (n=2)

Touch accuracy

Eye-hand coordination assessment and coaching

Parkinson disease

Touch accuracy

Fine motor skill assessment and coaching

Respiratory (sleep; n=2)

Snoring sound level and frequency

Snoring and apnea detection

Respiratory (breathing exercise)

Breath sound detection

Feedback to encourage slow purposeful breaths

Tremor detection

Calculates tremor frequency

Calibrated sound generation

Self-administered hearing test

Camera

Touch screen

Microphone

Accelerometer
Neurology
Speaker and touch screen
Audiology

Discussion
Principal Findings
Curation activities offered by third-party mHealth libraries,
which are underpinned by medical device regulation, contribute
to informing and protecting mHealth consumers. In this study,
we surveyed three popular curated libraries regarding a specific
subset of mHealth apps, namely, those using built-in mobile
phone sensors for diagnosis or treatment of health conditions.
Key aims of this survey included determining app availability,
mobile phone operating system compatibility, intended purpose
(diagnosis or therapy), types of sensors employed, and the range
of health conditions where built-in smartphone sensors are used.
First, this survey yielded a relatively small number of apps
across the libraries examined, with differences found in the
number of apps available between libraries. Second, more apps
were available for the users of Apple iOS smartphones than for
those of Android devices; cross-platform availability differed
between the libraries surveyed. Third, the majority of apps
offered treatment and combined diagnosis and treatment, with
a smaller proportion offering dedicated diagnostic functionality.
Fourth, cameras, touch screens, and microphones were the most
frequently used mobile phone sensors in these apps. Finally,
the range of health conditions addressed by these apps included
respiratory, dermatological, anxiety, and neurological conditions.

Finding Trusted Mobile Health Apps
Searching for apps related to particular health topics or medical
concerns pose challenges for health professionals and consumers
alike. Search engines, such as Google and Bing, which index
available apps based on keyword search algorithms, often yield
https://mhealth.jmir.org/2020/2/e16741
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large volumes of uncurated search results for a given health
topic [35,36,50,51]. Although the Apple and Google app stores
categorize submitted apps for more focused searching (eg,
Health and well-being), those searches can still return an
overwhelming result list of indeterminate quality [4,35]. Search
engines and app stores display star ratings and reviews to
indicate the popularity of given apps, but these may not be
reliable measures by which listed mHealth apps can be trusted
[22,45]. In addition to high-level categorical grouping, third
party–curated mHealth libraries offer more detailed
subcategories and lists for specific health conditions and medical
specialties.
No studies could be found that quantify the prevalence of
mHealth apps using built-in sensors in curated mHealth app
libraries. A 2016 review of health care–related apps available
from the Google and Apple app stores identifies 80 clinical or
health care–related mHealth apps for diagnosis or health
monitoring [35]. Of the apps described in this review, mobile
phone cameras are the most frequently employed sensor type,
with camera images used by some apps for dermatological and
ophthalmological diagnosis. Camera imaging is also employed
in apps for blood flow monitoring by means of
photoplethysmographic monitoring of pulse rate and estimation
of blood pressure [35]. Emergent problems with blood pressure
estimation received wide publicity when found to be unreliable
in the case of at least one app [32]. In a number of health care
contexts, app availability has been termed volatile, where apps
may be removed from app stores in response to the revision of
the underlying evidence base of an app or for medicolegal
reasons [52].
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Critics highlight a lack of transparency in standards applied to
the screening of submitted apps before inclusion and hosting
in popular app stores and search engines, resulting in mHealth
app offerings, which may vary in quality or safety [7,45,51].
Measures of mHealth app quality have been developed (but not
widely applied), including the (now defunct) Happtique Health
App Certification, EU Kitemark certification, Intercontinental
Medical Statistics (IMS) Score, and Mobile Application Rating
Scale (MARS) [39,51]. For example, MARS evaluates mHealth
app quality in five areas: aesthetics, functionality, engagement,
information quality, and subjective quality [39,53]. Curated
mHealth app libraries offer trusted sites for health consumers
to select mHealth apps, constituting more detailed and
specialized search portals than the aforementioned search
engines and app stores [4,13]. Varying degrees of (proprietary)
vetting are conducted to assert the safety and efficacy of curated
apps, thereby imbuing search results with trust; detailed app
scoring methodology and the incorporation of app quality
measures, such as MARS, into the vetting process are not
disclosed by these sites [40,54].

Primary and Supporting Roles for Sensors
In contrast to a million health and well-being apps on offer to
mobile phone users from popular app stores, only 18 mHealth
apps using built-in smartphone sensors are identified in this
survey, representing 1.50% (18/1200) of all mHealth apps
collectively offered by the three curated libraries examined here
(Table 1). A key consideration in the curation process is that
medical device regulatory requirements may preclude listing
of some apps in these libraries to prevent harm to app users
[50]. Active mHealth apps (ie, those using sensors to gather
health data) may be at greater risk of causing negative health
impacts because of potential harm from inaccurate or incorrect
data, demanding more rigorous curation and potential exclusion
from curated libraries [23]. Regulatory authorities may require
the assessment and accreditation of mHealth apps that offer
diagnostic or therapeutic recommendations or those that
transform the functionality of the mobile phone into that of a
medical device [23,54]. Some sensor-based mHealth apps may
use sensors as a secondary or supporting measure and thus not
be regarded as medical devices per se [23]. Overall, two such
examples are identified in this survey: anxiety and breathing
exercise apps that use camera sensors for pulse detection as a
secondary or indirect health data measure.

Availability on Competing Mobile Phone Platforms
The respective smartphone market shares for Apple and Android
devices are comparable [55,56]. In contrast, not all the apps
identified in this survey are available across both popular mobile
phone platforms, potentially disadvantaging some mHealth
consumers. Half (9/18, 50%) of the apps identified in this survey
are dedicated solely to Apple iOS, a further 11% (2/18) specific
to Android, and only about one-third (7/18, 39%) available for
both operating system platforms (Table 2). Apple iOS device
manufacture is controlled solely by Apple, with relative
homogeneity in hardware components such as sensors
potentially offering app developers more stable or predictable
target platforms for app development [56]. In contrast, Android
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devices may originate from multiple hardware vendors with
disparate (sensor) hardware components, potentially adding
complexity to the development of apps catering for a wider
range of target device hardware and sensors [55,56].
Half of the identified mHealth apps (9/18, 50%) offer dedicated
treatment features, with further about one-fourth (4/18, 22%)
dedicated to diagnosis (Table 3). The imperative to seek
(traditional doctor-patient) medical consultation regarding
definitive diagnosis, potential risk of self-misdiagnosis, and
regulatory restrictions may all contribute to the smaller
proportion of purely diagnostic sensor-based apps offered by
the libraries surveyed [57]. Dermatology and skin cancer
diagnostic apps using the mobile phone camera constitute 4 of
the 5 dedicated diagnostic apps identified.

Health Concerns and Sensor Types
Cameras and touch screens are the most frequently used sensors
in the identified apps, followed by microphones and
accelerometers. Apps using camera sensors are most prominent
in the MyHealthApps library, whereas AppScript lists more
microphone and touch screen apps (Table 4). Notwithstanding
contemporary research studies regarding the use of GPS for
activity tracking in mental health conditions such as bipolar
disorder and general depression, no examples of translating this
research into GPS-based sensor apps were found in any of the
libraries surveyed [20,26]. Anxiety therapy was the sole focus
of both apps identified in the NHS Apps Library. Respiratory
concerns were the most frequently addressed health conditions
in the AppScript library, whereas apps related to dermatology
and neurological conditions were more prevalent in the
MyHealthApps library (Table 5). Cameras are employed in a
wider range of health conditions compared with other sensors
(Table 6). Photoplethysmography is used to measure heart rate
and heart rate variability in three camera apps, whereas photo
capture for later inspection by a clinician is offered by two
dermatology and skin cancer diagnostic apps. A single camera
app performs steganography (pattern matching) for skin cancer
diagnosis.

Conclusions
This survey found that mHealth apps using built-in sensors for
diagnosis and treatment represented but a modicum of all apps
found in the curated mHealth libraries examined. The nature
and rigor of the curation process go some way to explain this
observation, including the constraints of regulatory requirements
for software deemed as medical devices. This may also help
explain the smaller proportion of dedicated diagnostic apps
observed in these libraries. Some health consumers may be
disadvantaged by differences in the availability of apps on
competing mobile phone platforms. Cameras, touch screens,
and microphones were used most frequently in the surveyed
apps. A limited range of health concerns were addressed by the
surveyed apps.
Further efforts are needed to increase the availability of
ubiquitous, low-cost mobile phone sensor technology in curated
lists to assist with health conditions.
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Abstract
Background: The use of mobile apps for health is growing. This rapid growth in the number of health apps can make it hard
to assess their quality and features. The increased demand for and availability of mobile health apps highlights the importance
of regular publication of reviews to identify potential areas of unmet needs and concern. The focus of this review is mobile apps
for monitoring growth for health care professionals, caregivers, and patients. Monitoring growth as a part of healthy physical
development is important across different periods of childhood and adolescence.
Objective: The goal of this content analysis is to map and understand the types of apps that currently exist that are related to
growth monitoring and growth hormone treatment.
Methods: A semiautomated search was undertaken using the app search engine 42Matters, complemented by a manual search
for growth apps using the web search tool of Google Play (Android App Store). Apps were rated on their relevance to growth
monitoring and categorized by independent raters.
Results: In total, 76 apps were rated relevant to growth monitoring or growth hormone treatment. The level of agreement was
measured for the semiautomated search and was very high (Κ=0.97). The target audience for 87% of the apps (66/76) was patients
and relatives, followed by health care professionals (11%; 8/76) and both (3%; 2/76). Apps in the category “growth tracking tools
for children and babies” were retrieved most often (46%; 35/76) followed by “general baby care apps” (32%; 24/76),
“nonpharmacological solutions for growth” (12%; 9/76) and “growth hormone–related” (11%; 8/76). Overall, 19/76 apps (25%)
tracked a precise location.
Conclusions: This study mapped the type of apps currently available for growth monitoring or growth hormone treatment that
can be used as a foundation for more detailed evaluations of app quality. The popularity of care apps for children and growth
monitoring apps should provide a great channel for potential intervention in childhood health in the future.
(JMIR Mhealth Uhealth 2020;8(2):e16208) doi:10.2196/16208
KEYWORDS
growth hormone; telemedicine; growth monitoring; mobile app; mobile health

Introduction
The use of mobile apps for health is growing, and between
2008-2015, the growth in the number of apps used was quadratic
[1]. In November 2017, according to IQVIA (formerly Quintiles
http://mhealth.jmir.org/2020/2/e16208/
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and IMS Health, Inc), 318,000 apps were available worldwide
with more than 200 health apps being added to the Apple Store
and the Google Play store each day [1,2]. This rapid growth in
the number of health apps can make it hard to assess their quality
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and features, although tools are being developed for this purpose
[3], such as the Mobile App Rating Scale [4].

real-world glucose monitoring devices connected to the web by
diabetes patients [18].

The increased demand for and availability of mobile health apps
highlights the importance of regular publication of reviews to
identify potential areas of unmet needs and concern.
Consequently, methods for the systematic search for apps in
app stores have been developed [5], and apps have been
analyzed and characterized in disease areas where their use is
widespread to identify their benefits and any shortcomings. For
example, apps that focus on breast cancer have been shown to
improve quality of life, and decrease stress [6]; however, it was
found to be essential that medical personnel be involved in the
creation of these apps to avoid the misuse of alternative therapies
not supported by substantial evidence of efficacy [7]. Apps that
focused on multiple sclerosis failed to meet patient needs and
demands, and therefore, design collaboration between health
professionals, researchers, and industry partners was suggested
to increase patient adoption and engagement [8]. In a further
analysis of multiple sclerosis physical activity apps, realistic
goal setting and feedback were found to be critical for adoption
[9]. In the field of diabetes, gaps between evidence-based
recommendations and functionality of apps were revealed,
potentially due to personalized education being underrepresented
[10]. The conclusion of an evaluation of apps for
endocrine-related disorders was that quality, content, data
security, and privacy of apps were often low [11].

Monitoring growth as a part of healthy physical development
is part of preventive child health programs, as growth restriction
and short stature are regarded as relatively early signs of poor
health. Height measurements in pediatric populations, generally
referred to as growth monitoring, can theoretically identify
treatable conditions in apparently healthy short children. Early
diagnosis of growth disorders is essential for prognosis, and it
should be the primary objective of pediatric endocrinologists
as it can benefit the patient and avoid or diminish the
complications of an unrecognized disorder [19,20]. Growth
monitoring is also very important in children with growth
hormone deficiency, children who are small for their gestational
age, or for syndromes requiring treatment with growth hormone,
as it can help to identify the condition early enough to improve
the prognosis, predict growth outcomes [21], and evaluate
adherence and response to treatment [22]. Health care
professionals can monitor children’s growth via adherence to
growth hormone treatment through web-based platforms [23,24]
and professional apps, which include official charts from
organizations such as the World Health Organization [25].
Automated growth monitoring, where algorithms are integrated
into electronic health records, is more efficient than standard
growth monitoring, with a higher rate of referral to specialists
and higher diagnostic yield of growth disorders. It has been
shown that the prevalence of pathological short stature among
referred children increased from 5.9% to 13.4% with this form
of monitoring [26].

The privacy and data security of mobile health apps is an area
of growing concern [12]. For example, there are some concerns
that apps may be customized to retrieve extra personal
information, such as GPS location, without the user’s knowledge
[13]. This has led to different approaches emerging to help
ensure that mobile health apps are safe for users. This includes
national efforts, such as the UK National Health Service Health
Apps Library only including apps that comply with UK data
protection principles concerning information privacy [12].
Scalable systems have also been developed for analyzing and
predicting Android app compliance with privacy requirements
[14].
Further development in mobile health apps has led to the concept
of self-monitoring, which is becoming more widespread with
the advent of devices such as Fitbits and Apple Watches. Fitbits
can measure fitness levels and sleep patterns, and the Apple
Watch can monitor Hemoglobin A1c in diabetes patients [15]
and heart rate/electrocardiogram in patients with cardiovascular
diseases [16] to reveal anomalies, such as risk of arrhythmias.
Other examples of self-monitoring include personal recording
of blood pressure for potential hypertension [17] and the use of
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The focus of this review is mobile apps for monitoring growth
for health care professionals, caregivers, and patients. Critical
factors for the usability of growth apps are yet to be determined;
therefore, this paper aims to provide a practical use and
information overview for clinicians.

Methods
Extraction of Information About Health Apps Related
to Growth
For the semiautomated search, as shown in Figure 1, searches
were undertaken using the app search engine, 42Matters [27].
The use of 42Matters for obtaining information about health
apps has previously been reported on in the literature [7,28,29].
Within 42Matters, we used the keyword “grow” to extract apps
from the Android app store (Google Play) [30] in the Medical,
Health, and Parenting categories. Data retrieved included the
description, rating score, number of downloads, price, URL,
and permission information.
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Figure 1. Study flow.

The automated search using 42Matters was complemented with
a manual search for growth apps using the web search tool of
Google Play and using the terms “Growth hormone,” “Growth,”
“Height,” and “Short stature”. The search was not limited by
language. This manual search was undertaken to ensure all
relevant apps were identified, since the availability of mobile
apps can vary for technical reasons (eg, the temporal
unavailability of apps, limitation to specific geographical
regions).
The lists from the semiautomatic and manual searches were
combined, and duplicate apps removed. Extended metadata (eg,
permissions, downloads, screenshots) were extracted using a
web-crawler and the 42Matters application programming
interface. An updated version of the code used for retrieving
the apps is available at GitHub under the creative commons
license [31]. Standard and professional versions of apps were
included.

Screening
The descriptions of the automatically extracted apps were read
by two independent raters (LFL and EP) who gave the apps a
“relevant” score (1) if the app was specific to growth monitoring
or growth hormone treatment, or a “not relevant” score (0) if it
was not. The level of agreement between the two raters was
measured by an interrater score calculated using Cohen’s kappa
[32]. Cohen’s kappa was calculated using the R Statistical
Framework package IRR (R Foundation, Vienna, Austria).
http://mhealth.jmir.org/2020/2/e16208/
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Ratings were: <0.20, poor; 0.21-0.40, fair; 0.41-0.60, moderate;
0.61-0.80, good; 0.81-1.00, very good.

Classification
The apps were classified further in a meeting between clinical
and electronic health experts. Several growth-related
applications were discussed, and a subset of categories was
agreed upon and tested by three researchers (LFL, EK, and JC)
using a random sample of growth-related apps. In a final
consensus meeting, a complete set of categories were selected,
and a categorization form was developed and tested for usability
and relevance with a further random sample of growth-related
apps. The final categorization form was hosted by Google Forms
[33].
Three independent raters (LFL, EK and JC) then categorized
the apps by reading the description of the app and filling in the
categorization form as follows: (1) Target Audience (one choice
from Patients/caregivers, Health care professionals, both,
uncertain); (2) Type of app (one choice from growth tracking
for children and babies, general baby care apps, growth
hormone–related, nonpharmacological solutions for growth,
unclear); (3) presence of medical/scientific references; and (4)
additional aspects included in the app (multi-choice) (see
Multimedia Appendix 1). If any of the classifications was not
clear, a consensus was reached at a meeting with LFL and EP
in January 2019. All analyses were reported descriptively.
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Results
Overview
Information about health apps related to growth was extracted
in a number of steps (Figure 1). Initially, the keyword “grow”
was used to retrieve 142 apps from the app search engine of
42matters [27].

Screening
In total, 76 apps were rated “relevant” to growth monitoring or
growth hormone treatment, with 55 from the semiautomated
search and 21 from the manual search. The level of agreement
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between the two raters was measured for the semiautomated
search and was very high (Κ=0.97), with just three discrepant
results, which were resolved at a consensus meeting.
Cumulatively, there were at least 3.75 million downloads of the
apps (Figure 2). The majority of apps (50%; 38/76) had between
5 and 4999 downloads, whereas just two apps (3%) had more
than 1,000,000 downloads. It should be noted that while
download numbers are a useful indicator of the popularity of
apps, they should be used with caution. Some apps are not
available in all countries, some may only be usable within a
given hospital, and the number of downloads is greatly affected
by the amount of time the app has been available.

Figure 2. Percentage of apps in each download range.

Classification and Analysis
The target audience for 87% of the apps (66/76) was patients
and relatives. Health care professionals were the target audience

for 11% of the apps (8/76), and two apps were considered to
fall into both patient/relative and health care professional
categories (Figure 3).

Figure 3. Percentage of growth-related apps by target audience.
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Apps in the category of growth tracking tools for children and
babies were retrieved most often (46%; 35/76), followed by
general baby care apps (32%; 24/76). These were apps which
combined growth tracking with gamification and personalization
features, such as inclusion of family photos and records of daily

Fernandez-Luque et al
routines (eg, feeding). Nonpharmacological solutions for growth
comprised 12% of the apps (9 /76), and 11% of the apps were
growth hormone–related (8/76) (Figure 4 and Multimedia
Appendix 2).

Figure 4. Percentage of apps in each growth tool category. Percentages have been rounded up/down, therefore do not total 100%.

Overall, 31% (11/35) of apps in the growth tracking tools for
children and babies category included references to growth
charts, as did 46% (11/24) of apps in the general baby care
category, and 13% (1/8) of apps in the growth hormone
category. However, no apps in the nonpharmacological solutions
for growth category included references to growth charts (see
Multimedia Appendix 2).
The eight growth hormone–related apps were all targeted at
patients/caregivers. They all included education about growth
hormone deficiency and related diseases, and four apps also
included education about growth tracking (eg, referral to correct
growth references) or supporting and tracking adherence
(Multimedia Appendix 3). Claims within the description of the
growth hormone apps were aimed at improving quality of life;
“these records can then be shown to a doctor who can in turn

use them to improve the patients’ quality of life” and “receive
reminders on when to inject, track adherence history, monitor
growth and better connect with the care team.”
Apps describing nonpharmacological solutions for growth
included “natural” growth treatments for adults, and included
claims in the description such as “let this guide provide peace
of mind that you can actually grow 1 to 4 inches through these
techniques” and ”grow your height by using our app”
(Multimedia Appendix 4).
The visual appearance of the apps varied considerably (Figure
5). The general baby care apps included visually appealing
images such as a baby’s face, apps including growth tracking
tools and growth hormone apps included images such as graphs,
and the nonpharmacological apps were often mostly text with
simple or no images.

Figure 5. Examples of app interface for each category. A. General baby care apps; B. Growth Tracking for children and babies; C. Growth hormone
apps; and D. Nonpharmacological solutions for growth.
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Permission data was extracted. A total of 19/76 apps (25%)
tracked a precise location: 5/35 (14%) of the “growth tracking
for children and babies” apps, 9/24 (38%) of the “general baby
care” apps, which include growth tracking tools, 1/8 (13%) of
the growth hormone apps, and 4/9 of the nonpharmacological
treatment for growth apps (44%).

Discussion
This study is the first to map and understand the type of apps
currently available that are related to growth monitoring. The
majority of growth apps were general baby care apps, which
include growth tracking tools. Growth tracking apps for children
and babies were also popular, whereas there were fewer
nonpharmacological and growth hormone apps. Patients and
caregivers were the target audience for the vast majority of the
apps, and the remainder were targeted at health care
professionals or both. The quality of the apps was very
heterogeneous, and in general, baby care apps were focused on
monitoring and growth hormone apps were focused on
education. Almost a quarter of the growth apps tracked precise
location, which raises potential concerns in terms of privacy.
There is great interest in apps for monitoring growth and growth
hormone treatment, as evidenced by the high download numbers
in this evaluation. However, as observed in the first filtering of
this analysis, two-thirds of apps were not relevant, indicating
that navigating the range of available apps is not a trivial task.
A high proportion of apps were aimed at growth in children and
babies, aligning with the stage when growth is mostly dependent
on nutrition (generally up to 4 years old) [34]. There were also
nonpharmacological apps generally aimed at adults, which
tended to prey on insecurities about short stature and offer
advice not always backed up by scientific evidence.
Privacy is of particular concern, as noted in this evaluation.
Some of the growth apps, such as 4/9 apps with
nonpharmacological treatments for growth, requested location
permissions without any apparent reason. One potential
explanation is that location-based advertisements placed in
mobile apps can be personalized and, therefore, apps made more
profitable.
There is a need to educate users and health care professionals
on digital health literacy and how to evaluate the trustworthiness
of apps using tools that evaluate quality [3,4] and privacy
settings [12,14]. Although there are frameworks for digital
health literacy [35], our findings with regard to accessing private
information, such as location, highlight the need to reinforce
privacy and safety training to help clinicians and patients make
safe decisions when choosing health apps. There is very little
data on the assessment of apps in peer-reviewed publications,
and there is a need for a list of useful and validated apps as well
as an outlet for feedback on apps that include unrealistic
expectations or inaccurate information.
More research is needed on how to facilitate the prescription of
health apps [36], as it can be a time-consuming effort for health
care professionals. Further, previous research [12] has shown
that severe privacy risks have been found in a white list of apps
recommended by health authorities. We should be aware that
http://mhealth.jmir.org/2020/2/e16208/

XSL• FO
RenderX

Fernandez-Luque et al
any assessment of the privacy and data security aspects of a
mobile health app, like any other quality aspect, might vary
when a new updated version is made public. A potential
approach to overcome the dynamic nature of mobile health is
to invest more in increasing digital literacy skills.
As shown in this analysis and other studies [7,10], there are
currently few apps that include education and links between
users and health care professionals. To allow users to detect
abnormal growth and seek appropriate medical advice and care
early on, an ideal app should combine educational and reference
targets and be based on input from users such as parents and
older children, as well as health care professionals. With growth
disorders, similar to diabetes, optimizing health care delivery
through apps is essential, as patients spend much time
administering treatment by themselves without health care
professional input. Apps for patients/caregivers should,
therefore, support information exchange with health care
professionals and patient support groups. All users of growth
apps should receive educational information that includes the
importance of attaining the objectives of growth hormone
treatment during infancy, such as normalization of height as
early as possible, maintaining normal height velocity, and
attainment of normal adult height consistent with parental height.
Treatment adherence remains the most important factor
influencing successful outcomes, as in most chronic therapies,
including growth disorders [37,38]. Low adherence to growth
hormone treatment is a significant factor determining reduced
growth gain along with increased health costs. Several strategies
have been proposed to improve patient adherence and education
of parents and patients is essential [39]. Baby care apps often
fail to provide adequate information on normal growth and
development later in childhood and adolescence, or how to
detect abnormal growth at an early stage and obtain medical
advice, and, where necessary, care and treatment. There is also
an unmet educational need for the prediction of growth outcomes
to avoid unrealistic expectations. Apps developed by scientific
and professional bodies, such as the “grow on the go” app,
should be used by developers as a gold standard model, with
validation by experts in auxology for accuracy and adequacy
of growth charts.
Complementary to the methods for the systematic search of
apps in app stores [5] that have been published, this review also
explores a semiautomated approach to extract mobile app data,
which can be used to facilitate part of the process of the analysis
of health apps. Additionally, we observed a disparity in the
availability of apps between the manual and semiautomated
searches, which can be due to reasons such as versions of the
mobile apps not being available in a given country and
temporary removal of apps in the store. Commercial search
engines for apps do not disclose their algorithms, and for that
reason, we advocate complementing manual searches with
automated approaches to minimize the risk of missing relevant
apps. In our analysis of health apps, we only analyzed the
description and screenshots of the health apps, not the ratings
or the comments, as this would have been very time-consuming
in a manual content analysis. However, new app-mining
techniques are an emerging area which could help to automatize
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apps for security [40], user reviews [41], features [42],
gamification [43], and usability [44], among other aspects.
This initial analysis of growth-related apps was undertaken in
the Android app store Google Play [30] as it currently has the
highest number of apps available [45]. An analysis of iOS,
Oppo, and Huawei apps was not undertaken due to difficulties
extracting permission data, such as location tracking. Other
limitations of this evaluation are that the number of downloads
might not be correlated to usage and that some apps might have
launched in only a few countries and, therefore, not visible in
this screen. Apps were not downloaded for this review, which
means some features and screenshots not visible in the
description may have been missed. Additionally, usability [44]
was not addressed, as it is extremely resource-intensive,
especially in the context of growth since some apps are directed
towards multiple groups (ie, children, patients, and clinicians).
We also did not study elements related to user experiences, such
as gamification and personalization. This is something of great
importance that has been widely researched in other health areas
[7,43].
Additionally, our report on privacy issues is very limited. For
example, we did not analyze the privacy policy of the

Fernandez-Luque et al
applications. However, clinicians should be aware of recent
studies highlighting serious concerns on many health apps
[46,47]. Further, clinicians and patients should be aware that
available health apps might comply with the regulations in one
country and not others.
This evaluation has shown that the vast majority of apps focused
on the growth of babies and young children, with far fewer
nonpharmacological apps and growth hormone apps available.
Patients and caregivers were the target audience for most of the
apps. The popularity of care apps for children and growth
tracking apps should provide a great channel for potential
intervention in childhood health in the future. Families can be
empowered through mobile apps as they can monitor height
against references [25] and, if taking growth hormone, can
monitor their height and adherence in close cooperation with
their health care team. Including education about the importance
of growth potential and outcomes in childhood, apps could help
combat misleading advice in growth apps aimed at adults.
Further evaluations should include iOS apps, and a detailed
study of the quality of existing health apps related to growth
should be undertaken.
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Abstract
Background: Medication nonadherence in heart transplant recipients (HTxR) is related to graft loss and death. mHeart is a
mobile app that uses electronic patient-reported outcome measures (ePROMs) to identify and manage medication nonadherence
in the outpatient heart transplant (HTx) population.
Objective: The study primarily aimed to validate mHeart to measure medication nonadherence in early stage HTxR by assessing
the psychometric properties of ePROMs. The secondary aims were to (1) measure patient satisfaction with the mHeart tool and
its usability and (2) explore the impact of a theory-based treatment on medication nonadherence rates to determine its scalability
to larger research.
Methods: A prospective study was conducted in the outpatient clinic of a tertiary hospital. All consecutive early stage HTxR
(<1.5 years from HTx) were included. The ePROM psychometric properties assessed were validity, reliability, responsiveness,
interpretability, and burden. ePROMs comprised the 4-item Morisky-Green-Levine questionnaire and an adapted version of the
Haynes-Sackett questionnaire. The Simplified Medication Adherence Questionnaire (SMAQ) was also applied on-site. Three
consecutive medication nonadherence assessments were performed by a transplant pharmacist. To improve medication
nonadherence, theory-based interventions were delivered in a 1-month period. Patient satisfaction was assessed by a semiquantitative
Web-based survey at the end of the study.
Results: We included 31 early stage HTxR (age: mean 54 years, SD 12 years), and 71% (22/31) of them were men. The HTxR
were taking a mean 13 (SD 4; range 7-18) drugs per day. A total of 42% (13/31) of patients were unaware of the consequences
of medication nonadherence, and 39% (12/31) of patients were nonadherent to immunosuppressive treatment. The content validity
measure showed excellent levels of expert panel agreement for the Haynes-Sacket (14/14, 100%) and Morisky-Green-Levine
(13/14, 93%) questionnaires. SMAQ and Morisky-Green-Levine ePROMs showed similar measurement domains (convergent
validity, phi=0.6, P<.001), which, as expected, differed from Haynes-Sackett ePROMs (divergent validity, phi=0.3, P=.12).
Reliability assessment revealed a very strong association between ePROM and on-site PROMs (phi>0.7, P<.001). Reproducibility
was moderate (Haynes-Sackett κ=0.6, P<.002) or poor (Morisky-Green-Levine κ=0.3, P=.11) because of unexpected improved
medication adherence rates during the test-retest period. According to responsiveness, the theory-based multifaceted intervention
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program improved medication nonadherence by 16% to 26% (P<.05). A burden analysis showed that ePROMs could potentially
overcome traditional on-site limitations (eg, automatic recording of ePROM responses in the hospital information system). The
mean score for overall patient satisfaction with the mHeart approach was 9 (SD 2; score range: 0-10). All 100% (29/29) of patients
surveyed reported that they would recommend the mHeart platform to other HTxR.
Conclusions: ePROMs adhered to the quality standards and successfully identified medication nonadherence in the HTx
population, supporting their widespread use. The theory-based intervention program showed a promising improvement in
medication adherence rates and produced excellent patient satisfaction and usability scores in HTxR.
(JMIR Mhealth Uhealth 2020;8(2):e15957) doi:10.2196/15957
KEYWORDS
self-report; patient-reported outcome measures; behavioral sciences; treatment adherence and compliance; transplantation; early
medical intervention; telemedicine; mobile health; validation studies; patient satisfaction

Introduction
Background
Heart transplant recipients (HTxR) require lifelong
immunosuppressive therapy to prevent rejection episodes. The
estimated percentage of medication nonadherence to
immunosuppressive treatment after heart transplant (HTx)
ranges from 15% to 30% [1]. These rates are worrisome as
medication nonadherence impairs quality of life, increases health
costs, and is a direct cause of graft loss and death after HTx
[1-6].
Medication nonadherence in the HTx population is a dynamic
behavior influenced by multilevel patient, provider, and health
system factors [7]. To improve medication adherence, it is
essential to frequently monitor medication nonadherence and
identify modifiable risk factors for medication nonadherence,
such as high therapeutic complexity, weak professional-patient
relationship, and lack of patient motivation [4,5,7,8].
Subjective methods to evaluate medication adherence, such as
self-reporting, are widely used [9] and well correlated with
objective methods (eg, immunosuppressive drug level assay or
electronic monitoring systems) [5,10]. Indeed, self-reporting is
considered the best method to capture patient experiences and
individual risk factors for medication nonadherence, such as
patients’ medication beliefs [11]. However, this method involves
in-clinic facilities and requires patients to travel to the clinic
[5].
Emerging research indicates that patient-reported adherence
through mobile devices produces data of similar quality to those
provided by traditional in-clinic methods [12]. Therefore, the
use of electronic patient-reported measures (ePROMs) to detect
nonadherent HTxR could help increase the feasibility of
self-reporting and overcome current in-clinic limitations [13,14].
Medication adherence ePROMs could also provide valuable
information to care providers to implement early and
personalized interventions through mobile health technology.
Indeed, internet interventions (ie, “treatments, typically
behaviorally based, that are operationalized and transformed
for delivery via the Internet”) [13,15-17] show a promising
impact on prompting changes in health behaviors such as
medication adherence [15,16,18-20].
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Behavior-based theories with demonstrated effectiveness in
reducing medication nonadherence are recommended to be
combined when a new intervention program is designed [21,22].
Moreover, motivational interviewing is a useful tool for
professionals to deliver such theory-based interventions in the
transplant population [23,24]. Although these behavior change
techniques are increasingly used, there is a lack of studies
applying them to internet interventions in the HTx population
[2,25,26].

Previous Work
The mHeart medical device is a mobile app that is primarily
intended to measure and manage medication adherence in
outpatient HTxR. mHeart was designed to use ePROMs to
identify medication nonadherence in the home setting and
facilitate behavior change interventions to improve medication
nonadherence rates. According to the directions for the
International Society for Research on Internet Interventions
(ISRII) [13], a prerequisite before recommending the widespread
use of internet delivery is to demonstrate the accuracy of
ePROM scores and their relationship with traditional in-clinic
methods [27]. Moreover, the workflow of any new electronic
behavior-based intervention designed to manage medication
nonadherence should be tested before scaling it to larger research
[28].

Study Objectives
The primary aim of this study was to validate mHeart to measure
medication nonadherence in early stage HTxR in the home
setting. To do this, we sought to identify the quality of the
psychometric properties of the ePROMs reported as being
critical in electronic health behavior change instruments [29,30],
that is, validity, reliability, responsiveness, interpretability, and
burden [31].
The secondary aims were (1) to measure patient satisfaction
with mHeart and its usability and (2) to explore the impact of
theory-based interventions on medication nonadherence rates
among HTxR to determine the hypothetical scalability of the
treatment within the context of a larger research study.

Methods
Study Design and Setting
This prospective research study was conducted in the ambulatory
setting of a Heart Failure and Transplant Unit of a tertiary
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e15957 | p.294
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university hospital from July 15, 2016, to December 1, 2016.
The study was approved by the institutional review board of
the hospital (IIBSP-MHE-2014-55). The participants were
informed of the study purposes, the length of the follow-up, all
the procedures, and the research team behind the study. Written
informed consent was obtained from all participants.

Study Reporting Guidelines
The psychometric quality of the ePROMs was based on the
Scientific Advisory Committee of the Medical Outcomes Trust
(SAC-MOS) [31] and the COnsensus-based Standards for the
selection of health Measurement INstruments (COSMIN)
consensus guideline [30]. The quality of the results obtained
was compared with the International Society for Quality of Life
Research (ISOQOL) standards [11].
We followed the European Society for Patient Adherence,
COMpliance, and Persistence Medication Adherence Reporting
Guideline (EMERGE) [28] recommended criteria for transparent
and accurate medication adherence reporting data. The directions
for the ISRII [13] and the Consolidated Standards of Reporting
Trials of Electronic and Mobile Health Applications and OnLine
TeleHealth (CONSORT-EHEALTH) guidelines (section 5)

Gomis-Pastor et al
[17] were followed to report the internet-based intervention
program. The Theory Coding Scheme (TCS) [32] provided a
reliable method to describe the theory underpinning the
interventions.
In addition, the Checklist for Reporting Results of Internet
E-Surveys [33] was applied to ensure the quality of reporting
of the Web-based satisfaction survey.

Sample
Enrollment was conducted from July 21, 2016, to October 26,
2016, in the Cardiology Outpatient Clinic by transplant
physicians during routine in-clinic appointments. All consecutive
adult, early stage HTxR (less than 1.5 years from HTx) owning
a smartphone and with no cognitive impairment were included.
Cognitive impairment was defined as any condition limiting
patients’ ability, including memory and thinking skills, to use
the mHeart system and complete the questionnaires. No previous
computer or smartphone knowledge was required. HTxR did
not receive any financial compensation, a phone, or wearables
for their participation. The patient flowchart is shown in Figure
1.

Figure 1. Val-mHeart study patient flowchart. Early-stage: <1.5 years from HTx; ePROMs: electronic patient-reported outcome measures; HTx: heart
transplant.

Study Procedures
The algorithm summarizing the procedures is shown in Figure
2. After signing the informed consent form, all patients were
https://mhealth.jmir.org/2020/2/e15957
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assessed for eligibility (ie, the same day as enrollment by the
physicians), and they completed a baseline face-to-face visit
with the transplant pharmacist, followed by an initial mHeart
training session.
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Figure 2. Intervention algorithm summarizing the procedures performed throughout the study period. ePROM: electronic patient-reported outcome
measure; HTx: heart transplant; PROMs: patient-reported outcome measures.

The interview with the pharmacist lasted approximately 45 min.
Sociodemographic and clinical data were extracted from
patients’ electronic health records. The data were collected in
a form provided in Multimedia Appendices 1 and 2. At the end
of the visit, the pharmacist registered the new patient’s profile
in the mHeart system. Patient access was facilitated by an
automated message sent to the patient’s phone with a username
and password.
https://mhealth.jmir.org/2020/2/e15957
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Thereafter, a technical mHeart initial setup was provided by the
mHeart Help Center of the private firm developing the
technology. This session was conducted by telephone and lasted
at least 15 min to enable at-home monitoring, that is, (1)
downloading the app from the app store, (2) guiding the first
access, and (3) providing training on the functionalities of the
mHeart platform. This service was also responsible for query
resolution and user assistance throughout the study.
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As soon as the HTxR had received training, the transplant
pharmacist sent them a welcome message through mHeart,
requesting the patients’ response to confirm their activation in
the mHeart follow-up. Once the patients had responded to this
message, three consecutive assessments were scheduled. The
assessment procedures are described below, and these were
conducted to measure the validity properties of the ePROMs.

Assessment 1
After the baseline visit (ie, on the same day), medication
adherence was measured by the pharmacist using in-clinic
patient-reported outcome measures (PROMs; Multimedia
Appendix 2). No other interventions were performed to manage
medication adherence during this in-clinic interview. On the
same day, using the mHeart tool, patients were asked to
complete the same ePROMs in the home setting.
During the 1-month period between assessments 1 and 2,
multifaceted theory-based interventions were provided through
mHeart to optimize adherence management [34]. The electronic
interventions were interactive, with additional human support
from the transplant pharmacist through the mHeart platform.
The interventions were individually tailored, based on electronic
patient-reported data. Several behavior change techniques
[21,22] were used based on those with the strongest evidence
base in medication adherence, such as social cognitive theory,
the health belief model, transtheoretical model, and
self-regulation model. Among others, less often reported but
also used are the information-behavior-skill model,
self-management theory, behavior modification theory, and
problem-solving theory [22]. The techniques were based on
Michie’s taxonomy [35] and were delivered using motivational
interviewing [23,24] as a common practice pattern to improve
posttransplant medication adherence in HTx centers [9].
Interactive elements were also used as digital triggers to counter
the law of attrition: alerts, prompts, reminders, notifications,
messages, logs, reports, visualizations, and video calls [36,37].
The theoretical framework, the behavior change intervention
techniques used, and the intervention workflow are fully
described in Multimedia Appendix 3.

Assessment 2
Once the intervention program period finished, at least 30 days
after assessment 1, the pharmacist conducted an in-clinic
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interview to perform the second medication adherence PROMs
assessment. On the same day, the HTxR were also asked to
complete the ePROMs in the home setting.
Thereafter, to allow the test-retest reliability analysis, the
patients used mHeart for 7 days without any additional
interventions by the pharmacist or contact with the HTx team.
At the end of the reproducibility time interval, the patients were
telephoned by the pharmacist to confirm clinical and therapeutic
stability.

Assessment 3
After the test-retest reliability analysis, HTxR were asked to
electronically complete the mHeart ePROMs and the satisfaction
and usability survey.

mHeart Features Used During the Study
The mHeart medical device is a home-based mobile phone app
complemented by a website [38]. From a technical point of
view, access to the tool is multiplatform (ie, smartphone, tablet,
or computer), and it can be downloaded for free from app stores
[39,40]. mHeart is bidirectionally integrated with the hospital
information system (HIS) using encrypted data. This integration
between the two systems allows mHeart to directly obtain
sociodemographic data from the HIS. In addition, mHeart
uploads a weekly clinical report to the HIS, including all the
data reported by the patients on the platform. The general layout
is represented in Figure 3. An in-depth description of the
technical specification of the system and the source code are
provided in the online Mendely (Dataset) [41]. The version
number of the app used was 3.0.2, and the content was frozen
during the study.
From a clinical point of view, the mHeart tool was designed to
primarily manage medication nonadherence using several
features (Table 1). In addition, three of the subfunctionalities
of the platform were to (1) resolve patients’ queries about their
treatment and health condition, (2) empower patients in terms
of self-care, and (3) facilitate professionals’ interventions based
on patient-reported outcomes (ie, symptoms and adverse effects
of drugs, heart rate, glycemia, weight, and blood pressure). A
detailed demonstration of the clinical use of mHeart in HTxR
can be found in a video format in Multimedia Appendix 4. More
details about functionalities are also provided in the online
Mendely (Dataset) [41].
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Figure 3. The mHeart functional layer and cloud architecture. AWS: Amazon Web Services; BI: business intelligence; HIS: hospital information
system; HL7: high level-7; LOPD: the Spanish Organic Data Protection Law; WS: Web server.

Table 1. mHeart platform features related to medication adherence management.
Features

Descriptions

Patient drug intakes

Push text reminds patients of medication intakes on their mobile phone.
Patients can accept or reject the intakes scheduled. If a patient cancels a dose, they are asked to specify
their reason for doing so on a checklist.
Doses taken versus the total number of doses prescribed can be tracked.
•
•

Medication adherence ePROMsa

A traffic light system warns the professional of a decrease in the patient’s weekly adherence.
Detailed data are presented for patients and professionals in tables or graphs, including reasons for
not taking medication.

The ePROMs included to detect MNAb are the 1-item Haynes-Sackett questionnaire [42,43] adapted to
the mHeart platform and the 4-item Morisky-Green-Levine questionnaire [44].
The professional sets up the frequency of the electronic questionnaire on the patient’s diary.
Push text alerts on the phone remind the patient to perform the programmed task.
Test results are shown in tables and graphs to patients and professionals directly from the HISc or the
mHeart platform website.

a

ePROM: electronic patient-reported outcome measure.

b

MNA: medication nonadherence.

c

HIS: hospital information system.

Measurement Variables
Medication Adherence Measures
On the basis of the Ascertaining Barriers to Compliance
taxonomy, medication adherence is divided into three phases:
initiation, implementation, and persistence [34]. In this study,
we focused on assessing the implementation phase of medication
nonadherence by using self-reported instruments. Medication
nonadherence implementation is defined as “the extent to which
a patient’s actual dosing corresponds to the prescribed dosing
regimen” (ie, omitting single or consecutive doses, delays in
medication intakes, or self-initiated dose changes such as a
reduction or increase in dosing). Poor regularity of intakes refers
https://mhealth.jmir.org/2020/2/e15957
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to delays up to 2 hours in the transplant population [45,46].
Medication nonadherence measured by the questionnaires below
was defined as any response to items with an answer indicating
nonadherence.
The ePROM validity study was based on two questionnaires
implemented
in
the
mHeart
tool.
First,
the
Morisky-Green-Levine questionnaire is a 4-item scale [44]
assessing patients’ medication-taking habits. In transferring the
questionnaire to an electronic format, we implemented an exact
copy of the Spanish validated version [47]. Second, the
Haynes-Sackett questionnaire [42,43] is a 1-item scale asking
patients whether they have any difficulty with their treatment.
In transferring this questionnaire to an electronic format, we
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implemented the Spanish version [48] and added six
multiple-choice responses on patients’ difficulties with
medication [49] to improve providers’ understanding of
nonadherence (Figure 4 and Multimedia Appendix 5). In both
mHeart questionnaires, the items can be answered using Yes or
No checkboxes.
For the convergent and discriminant validity assessment, we
used the Simplified Medication Adherence Questionnaire

Gomis-Pastor et al
(SMAQ) Spanish version as the standard instrument. This
questionnaire is a 6-item scale validated in the transplant
population receiving immunosuppressive treatment [50]. To
identify medication nonadherence risk factors [10], patients
were also asked about (1) the knowledge of their regimen, (2)
their opinion of the inconvenience of their medication regimens,
(3) the importance of the immunosuppressive treatment, and
(4) the adverse effects (Multimedia Appendix 3).

Figure 4. Electronic version of the Haynes-Sackett questionnaire, including 6 additional responses by patients to aid provider understanding of their
difficulties with medication adapted for use with the mHeart platform. The score is based on the item 1 response: No (adherent) or Yes (nonadherent).

Patient Satisfaction and Usability
Patient satisfaction with the mHeart intervention program and
the usability of the tool were assessed by a Web-based
nonvalidated survey created for the study using the Google
Forms tool. The survey items comprised 8 qualitative and 17
semiquantitative (score range: 0-10) questions (original version
in Multimedia Appendix 6). No personal information was
collected. Adaptive questioning was used to reduce the
complexity of the survey. In addition, all items had a no
response option, and no blank items were allowed. Respondents
were able to review and change their answers before submitting
their responses.
https://mhealth.jmir.org/2020/2/e15957
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The survey was closed to the study participants. The participants
were sent an mHeart message by a clinical pharmacist who was
different from the transplant pharmacist in charge of the
follow-up. The patients had no previous interaction with this
provider. The message content comprised an invitation to
complete the opinion survey to help the team and developers
improve the usability and clinical use of the tool. The patients
were assigned a random number from 1 to 31. The survey was
voluntary, and no incentives were offered for participation. The
patients had 1 week to complete the survey before it was closed
to new responses. A reminder was sent to all the HTxR 3 days
after the invitation was issued. HTxR accessed the survey
through a link uploaded to their mHeart personal profile. Survey
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completion was permitted by the Google Form tool when
participants provided their identification number to avoid
multiple entries.
The responses and the survey completion rate (ie, the ratio of
users who finished the survey/users who agreed to participate)
[33] were analyzed in depth. The completion time by
participants was not determined.

Psychometric Variables to Assess Electronic
Patient-Reported Outcome Measure Validity
The psychometric quality of the ePROMs was assessed in terms
of validity, reliability, responsiveness, interpretability, and
burden [30,31]. The validation measures and methodology are
detailed in Multimedia Appendix 7 and briefly described in
Table 2.

Table 2. Brief description of the validity properties assessed for the mHeart medication adherence electronic patient-reported outcome measures.
Validity properties

Descriptiona

Content validity

The interrater agreement among an expert panel was performed to assess the following three content
validity aspects. The expert panel comprised 14 health professionals, including 3 nurses, 7 cardiologists,
and 4 clinical pharmacists.
•

The suitability of the questionnaires proposed for inclusion in the mHeart app. The discussion was
verbal, and voting was by hand.

•

The suitability of the ePROMsb compared with the traditional in-clinic version. After written records
were taken, a verbal discussion was held.
The suitability of the six medication difficulties added to the electronic version of the HaynesSacket questionnaire. After written records were taken, a verbal discussion was held.

•

Convergent and discriminant validity

Convergent and discriminant validity were assessed using the following aspects:
•
•

Reliability (reproducibility)

Reliability and reproducibility were assessed using two methods with different purposes:
•
•

The equivalent forms reliability method was used to assess the adequate association between the
ePROMs scores and the in-clinic scores. With this aim, the PROMs were assessed in the same
group of patients and on the same day.
The test-retest reliability method was used to assess the stability of the ePROM scores during a
short time period (7 days) in clinically stable patients.

Responsiveness (sensitivity to change)

Change over time in medication adherence was measured by the difference in ePROM scores while a
theory-based intervention program was performed. A 1-month interval was considered adequate to
measure the validity of an indirect smartphone measure [51,52].

Interpretability

Three aspects of the interpretability property were analyzed and discussed:
•
•
•

Respondent and administrative burden

a

The correlation between the ePROM rates and a standard questionnaire was assessed.
The complementarity of the adherence to medication domains of the ePROMs included in the
mHeart system was measured.

The interpretation of the ePROM scores.
The meaningful change detected.
The scores obtained versus those published by other authors.

Several criteriaa were assessed regarding the time, effort, and other criteria of the ePROMs, depending
on the respondents’ and administrative points of view.

Full details on validity properties assessed are provided in Multimedia Appendix 7.

b

ePROM: electronic patient-reported outcome measure.

Statistical Analyses
Descriptive Analysis
Categorical variables are expressed as the number of cases and
their percentages, whereas quantitative variables are expressed
as mean and SD. Ordinal and quantitative variables not showing
normal distribution are expressed as the median and quartiles.
McNemar test was used on paired nominal data to determine
whether the row and column marginal frequencies were equal.
The level of significance was <5% (alpha<.05), bilateral
approximation. All analyses were performed using the SPSS
version 22.0 (IBM, Armonk, New York) and the R version 3.5.1
(R Project for Statistical Computing, Vienna, Austria).
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Validity Analysis
The statistical methods used in the validation study are fully
detailed in Multimedia Appendix 7. To estimate the interrater
agreement measures, an agreement >75% of the expert panel
was considered adequate [53]. The one-sample proportion test
with continuity correction was applied. Association was
measured by the phi coefficient (values range from 1 to +1). Phi
values above 0.7 are interpreted as showing a very strong
association, from 0.4 to 0.69 are interpreted as strong, from 0.3
to 0.39 are interpreted as moderate, from 0.2 to 0.29 are
interpreted as weak, and from <0.19 to <0.001 are interpreted
as showing no association [53,54]. Agreement was assessed by
the kappa coefficient (values range from 1 to +1). Kappa values
>0.75 are interpreted as strong agreement, from 0.4 to 0.75
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e15957 | p.300
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Gomis-Pastor et al

indicate moderate agreement, and <0.40 indicate poor agreement
[53,55]. In general, values of reliability coefficients >0.80
indicate excellent agreement [56].

Sample Size
In this finite population of early stage HTxR, we used a 5
subject-to-variable ratio rule [57]. Therefore, a sample size
greater than or equal to 25 participants for a total of 5 items
(1-item Haynes-Sackett and 4-item Morisky-Green-Levine
questionnaire) was considered the minimum sample required.
To assess validity, reliability (equivalent forms method),
responsiveness, interpretability, and burden, we included the
entire sample in the analysis. For the test-retest reproducibility
study, we included HTxR who remained stable for 7 days [31].
Stability was defined as the absence of need for medication
changes or health center consultation and the absence of any
symptoms different from those present at the last clinical
evaluation.

Results
Participant Characteristics
A total of 31 early stage HTxR were included (age: mean 54
years, SD 12 years) and analyzed, and no attrition was observed
(Figure 1). In all, 71% (22/31) of participants were men. The
mean follow-up was 2.3 (SD 0.9) months. The mean time
between HTx and the study was 1.2 years (SD 0.8 years). The
patients’ demographic and clinical characteristics are detailed
in Multimedia Appendix 8.
At baseline, 71% (22/31) of patients used technologies
frequently. Most of the patients reported that mHeart could be
useful (22/31, 71%) or very useful (4/31, 13%). One-third of
the patients (9/31, 29%) reported that they needed personal
assistance to get started with using the mHeart platform.

Polypharmacy and Determinants of Medication
Nonadherence
Polypharmacy was common; the mean total medication count
was 13 (SD 4; range 7-18), exceeding 14 drugs per day in 36%
(11/31) of patients. Patients reported a mean number of 6 (SD
4) adverse effects. As many as 61% (19/31) of them reported
being self-reliant for medication management.
Medication-related inconvenience was moderate to high (>6 of
10) in 25% (8/31) of HTxR. As many as 74% (23/31) of them
believed they were taking excessive medication. The danger of
sometimes not taking immunosuppressive drugs was understood
by 42% (13/31) of recipients. Furthermore, 32% (10/31) of
recipients were unaware of the consequences of completely
abandoning antirejection therapy. More details are provided in
Multimedia Appendix 9.

Validity Measures
Content Validity
Regarding the adequate representability and relevance of the
ePROMs to be included in the mHeart system, the
Haynes-Sackett and the Morisky-Green-Levine questionnaires
showed excellent agreement (>85%), whereas the SMAQ
showed poor agreement (<75%; Table 3).
The suitability of the medication difficulties to support its
addition to the Haynes-Sackett electronic version was excellent
(>80%). Item agreement is detailed in Table 4.
The overall agreement between the ePROMs and the on-site
PROMs was strong for the Haynes-Sackett (κ=0.826, P<.001)
and for the Morisky-Green-Levine (κ=1, P<.001) questionnaires.
Item agreement is detailed in Table 5.

Table 3. Expert panel interrater agreement on the most suitable questionnaires to measure medication adherence using the mHeart platform, measured
by the group consensus method.
Agreementa, n (%)

P valueb

Inclusion in mHeart

Haynes-Sackett

13 (93)

.11

N/Ac

Morisky-Green-Levine

12 (86)

.27

N/A

SMAQd

10 (71)

.50

N/A

Haynes-Sackett

14 (100)

.03

Included

Morisky-Green-Levine

13 (93)

.11

Included

SMAQ

6 (43)

.99

Nonincluded

Round & adherence electronic patient-reported outcome
measure
Round 1

Round 2

a

Percentages of agreement. An agreement >75% of the expert panel was considered adequate.

b

P value was one-sided to test whether P was greater than .75 (75%).

c

N/A: not applicable.

d

SMAQ: Simplified Medication Adherence Questionnaire validated in Spanish transplant population.
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Table 4. Expert panel interrater agreement on several criteria for the six reasons for medication nonadherence Haynes-Sackett electronic patient-reported
outcome measure, measured by the nominal group consensus method.
Intuitivea, n (%) Easya, n
(%)

Briefa, n
(%)

Usefula, n
(%)

Percentage of overall

I sometimes forget to take my medication

14 (100)

14 (100)

14 (100)

14 (100)

14 (100)

<.001

I lack information on medication and/or the disease

14 (100)

13 (93)

14 (100)

14 (100)

13.8 (98)

<.001

I feel demotivated about taking my medication

12 (86)

11 (79)

14 (100)

13 (93)

12.5 (89)

.01

Because of side effects or fear of having them

13 (93)

13 (93)

14 (100)

13 (93)

13.3 (95)

<.001

Because of complex regimens and/or inconvenient 13 (93)
regimens

8 (57)

14 (100)

14 (100)

12.3 (88)

.02

Because of other reasons

14 (100)

13 (93)

12 (86)

12.8 (91)

.004

Reasons for medication nonadherence

12 (86)

b

P valuec

agreement , n (%)

a

Item criteria full description: true to the original in-clinic test, useful to evaluate medication adherence construct, intuitive, brief or fast to complete,
and easy-to-understand language.
b

Percentages of agreement. An agreement >75% of the expert panel was considered adequate.

c

P value was one-sided to test whether P is greater than .75 (75%).

Table 5. Expert panel agreement on item characteristics of electronic patient-reported outcome measures compared with on-site patient-reported
outcome measures, measured by the nominal group consensus method.
Patient-reported outcome measure item

Truea

Usefula

Intuitivea

Briefa

Easya

Kappa
value

P value

Kappa
value

P value

Kappa
value

P value

Kappa
value

P value

Kappa
value

P value

Item 1 MGLb

1

<.001

1

<.001

1

<.001

1

<.001

1

<.001

Item 2 MGL

1

<.001

1

<.001

1

<.001

1

<.001

1

<.001

Item 3 MGL

1

<.001

1

<.001

1

<.001

1

<.001

1

<.001

Item 4 MGL

1

<.001

1

<.001

1

<.001

1

<.001

1

<.001

Item 1 HSc

1

<.001

0.6

<.01

0.4

.04

1

<.001

1

<.001

a

Item characteristics’ full description: true to the original in-clinic test, useful to evaluate medication adherence construct, intuitive, brief or fast to
complete, and easy-to-understand language.
b

MGL: Morisky-Green-Levine 4-item questionnaire.

c

HS: Haynes-Sackett questionnaire.

Convergent and Discriminant Validity
The correlation of adherence to medication domains of the
PROMs compared with the SMAQ is shown in Table 6.
Table 6. Convergent and discriminant validity assessed by the correlation of medication adherence patient-reported outcome measures with the
Simplified Medication Adherence Questionnaire.
Validity property

Convergent

Adherence to medication

Electronic

PROMsa

Phi coefficient

Morisky-Green-Levine ver- 0.6

In clinic

Interpretation

P value

Phi coefficient

P value

<.001

0.9

<.001

Strong correlation; measures similar
adherence domains

.12

0.4

.04

Weak correlation; measures different adherence domains

sus SMAQb
Divergent

a

Haynes-Sackett versus
SMAQ

0.3

PROMs: patient-reported outcome measures to assess medication adherence.

b

SMAQ: Simplified Medication Adherence Questionnaire validated in Spanish transplant population.

Reproducibility
The equivalent forms reliability method showed a very strong
association between the scores obtained using the ePROMs and
on-site PROMs (phi>0.7, P<.001; Table 7).
https://mhealth.jmir.org/2020/2/e15957
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For the test-retest reliability method, all participants remained
stable between assessments. Low reproducibility was observed,
whereas medication adherence improved during this interval
according to both types of ePROM (Table 8).
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Table 7. Reliability of medication adherence electronic patient-reported outcome measures compared with on-site patient-reported outcome measures
using the equivalent forms reliability method.

a

Adherence to medication PROMsa

Phi coefficient

P value

HSb overall

0.8

<.001

MGLc overall

0.7

<.001

MGL item 1

0.7

<.001

MGL item 2

0.7

<.001

MGL item 3

0.6

<.001

MGL item 4

1

<.001

PROMs: patient-reported outcome measures to assess medication adherence.

b

HS: Haynes-Sackett questionnaire.

c

MGL: Morisky-Green-Levine 4-item questionnaire.

Table 8. Test-retest reliability method to measure stability of medication adherence electronic patient-reported outcome measure scores over time.
ePROMsa

a

Assessment 2

Assessment 3

Kappa
value

P value

Interpretation

Adherent, n (%)

Nonadherent, n (%)

Adherent, n (%)

Nonadherent, n (%)

b

HS

29 (94)

2 (7)

31 (100)

0 (0)

0.6

.002

Moderate stability

MGLc

28 (90)

3 (10)

30 (97)

1 (3)

0.3

.11

Poor stability

ePROMs: electronic patient-reported outcome measures to assess medication adherence.

b

HS: Haynes-Sackett questionnaire.

c

MGL: Morisky-Green-Levine 4-item questionnaire.

Responsiveness or Sensitivity to Change
According to the change in medication adherence over time,
similar rates were obtained in assessment 2 between ePROMs
and PROMs (Table 9). Details for each item are provided in
Multimedia Appendix 10.

Interpretability
The ePROM scores showed a nonsignificant underestimation
(P>.05) of medication nonadherence rates at assessment 1 but
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not at assessment 2. Almost all the patients were adherent
according to the ePROMs at assessment 3. The baseline overall
in-clinic medication nonadherence rate was 32% (10/31), as
measured by the Morisky-Green-Levine PROMs. According
to the SMAQ, 39% (12/31) of HTxR were nonadherent to
immunosuppressive treatment. The theory-based multifaceted
intervention program showed significant (P<.05) improvements
in medication nonadherence, ranging from 16% to 26%,
depending on the questionnaire used (Table 9).
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Table 9. Medication adherence rates and improvement between study assessments.
Measure

Adherence to medication ratesa
Assessment 1b

P value
Assessment 2b

Assessment 3b

Adherent, n
(%)

Nonadherent, n (%)

Adherent, n
(%)

Nonadherent, n (%)

Adherent, n
(%)

Nonadherent, n (%)

A1 vs
A2

A1 vs
A3

HSd

25 (81)

6 (19)

29 (94)

2 (7)

31 (100)

0 (0)

.10

.01

MGLe

25 (81)

6 (19)

28 (90)

3 (10)

30 (97)

1 (3)

.26

.06

HS

22 (71)

9 (29)

28 (90)

3 (10)

N/Af

N/A

.03

N/A

MGL

21 (68)

10 (32)

27 (87)

4 (13)

N/A

N/A

.06

N/A

SMAQg

19 (61)

12 (39)

27 (87)

4 (13)

N/A

N/A

.005

N/A

ePROMsc

In-clinic PROMs

a

Medication adherence in the implementation phase is expressed as a binary variable: adherent or nonadherent. The Haynes-Sackett and
Morisky-Green-Levine questionnaires measures adherence to overall medication. The Simplified Medication Adherence Questionnaire validated in the
Spanish transplant population measures adherence to immunosuppression.
b

The behavior-based interventional program established by the pharmacist was performed between assessments 1 and 2 (1 month at least). There was
a 7-day gap between assessments 2 and 3 to allow the reproducibility test retest study without provider interactions. Only the electronic questionnaires
were administered in Assessment 3.
c

ePROM: electronic patient-reported outcome measures to assess medication adherence.

d

HS: Haynes-Sackett.

e

MGL: Morisky-Green-Levine.

f

N/A: not applicable.

g

SMAQ: Simplified Medication Adherence Questionnaire validated in the Spanish transplant population.

Burden
Regarding the criteria of respondent burden, 81% (25/31) of
patients reported spending 1 to 2 min while completing the
ePROMs, whereas the mean time for in-clinic PROMs was 6
min (SD 2 min; range 3-9). All patients were able to learn the
basic digital competencies needed to complete the ePROMs.
No missing values were found using the two methods.
Regarding administrative burden, the total mean time spent per
day by the pharmacist on mHeart was 33 min (SD 6 min; range
21-44). This time allowed follow-up of all the patients. The
on-site PROMs required an office to be available and an average
of 45 min for each individual assessment. Both methods required
the professional to be trained in motivational interviewing,
medication management, and transplant basics.

Patient Satisfaction and Usability Survey
The completion rate was 93% (29/31 patients). The reasons for
no response to the survey are detailed in Figure 1. HTxR
reported no inconvenience because of the mHeart intervention
approach employed. The mean ePROM appropriateness score
was 8 (SD 2; score range: 0-10). The mean score for overall
satisfaction with the mHeart approach was 9 (SD 2; score range:
0-10). All 100% (29/29) of the patients would recommend the
mHeart platform to other recipients. Regarding patient
suggestions for improving the platform, 24% (7/29) of HTxR
made eight suggestions and 76% (22/29) of them responded,
“No, I like it just as it is.”

Improvements were implemented based on patient feedback,
for example, (1) to avoid patient recall bias, the order of the
ePROM items was designed to automatically change whenever
the test is completed; (2) patients could graphically consult any
values they recorded in mHeart (eg, blood pressure); (3) pop-up
alerts were established to let patients know that a new text
message from the provider had arrived; and (4) diverse actions
were implemented to decrease telephone use by patients to
inquire about the compatibility of new therapies: the usability
of the mHeart function to inquire about new therapies was
improved, and text messages were sent to the patients,
explaining how to use this function.
The details of each survey item score, patient suggestions, and
the subsequent improvements are provided in Multimedia
Appendix 11.

Discussion
Principal Findings
In this study, the first challenge was to validate mHeart ePROMs
to detect early stage HTxR at risk for medication nonadherence
in the home setting. With this aim in mind, the COSMIN [30]
and SAC-MOS [31] standards provided a solid framework to
support the quality of the assessed ePROM psychometric
variables. As the mHeart ePROMs meet the minimum standards
set by the ISOQOL [11], they can be used in clinical practice
and comparative effectiveness research.
The excellent agreement observed between ePROMs and on-site
PROMs confirmed that the mHeart electronic approach was as
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effective as the traditional on-site method in identifying
medication nonadherence. The ePROMs used in mHeart showed
multiple advantages over on-site PROMS, such as eliminating
potential professional interpretation of ambiguous responses
that could affect medication adherence rates. Furthermore, the
electronic approach required fewer in-clinic facilities than the
traditional method of assessing medication nonadherence. The
integration of the mHeart data with the HIS also reduced the
time required to record ePROM responses in patients’ medical
records. These advantages reduced burden and enabled the
pharmacists to focus on clinical tasks. This is clinically
significant, as a pharmacist intervention is associated with better
use of evidence-based therapies, reducing medication errors
and emergency department visits while increasing patient
satisfaction [58].
Regarding the baseline medication nonadherence values, the
percentage of HTxR nonadherent to overall medication in this
study was worrisome according to the Morisky-Green-Levine
PROMs (32%) but similar to that observed in another series
(33%) [59]. According to the SMAQ, the percentage (39%) of
medication nonadherence to immunosuppressive treatment was
slightly higher than the overall percentage reported in the HTx
population (34%) [7] and considerably higher than that reported
in a meta-analysis of the solid organ transplant population (25%)
[4,25]. These results suggest that the ePROMs used in our study
have a synergistic effect in identifying nonadherent recipients.
However, they also highlight the need for intervention programs
to improve medication nonadherence, as almost half of the
HTxR were unaware of the consequences of medication
nonadherence. Nevertheless, comparisons among medication
nonadherence rates in the field of transplantation should be
interpreted with caution as studies use different populations and
methodologies [4].
The exploratory intervention program established to deal with
this problem showed promising results. Immunosuppressive
treatment adherence rates significantly improved in one-third
of the recipients, according to the SMAQ. This figure is higher
than that reported by most studies showing low or medium
effect sizes of around 10% to 20% in medication adherence
improvement [10,45]. In contrast to these studies, our program
was designed to deliver personalized, internet-based multilevel
interventions based on behavioral theories [7,21,22]. Indeed,
human support and tailored interventions have been shown to
be a requisite to improve medication nonadherence rates
throughout eHealth [10,18]. Moreover, our exploratory study
meets 72% of the TCS criteria (ie, items 1-11), indicating that
the interventional study design complies with the theoretical
basis of the intervention [32]. This is important as interventions
meeting a minimum of 60% of the TCS criteria have been found
to be highly effective [60].
Nonelectronic theory-based interventions have been considered
highly effective when improvement was >20% [45]. Therefore,
as the improvement in medication nonadherence in our
exploratory study was higher (30%), the strategies applied
proved to be synergistic and to enhance the effectiveness of the
program [21,32]. Equally important, patients adhered well to
the study protocol and provided excellent feedback. Among the
benefits of the mHeart approach, patients highlighted
https://mhealth.jmir.org/2020/2/e15957
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personalized communication, support from professionals, and
self-empowerment, which were the most relevant criteria used
to design the mHeart intervention program.

Limitations
Our study includes a limited but representative sample
comprising 86% of all early stage HTxR in our center. This
characteristic is common in transplant population, as the
prevalence is limited [61]. We did not enroll chronic-stage
recipients for the following reasons: (1) early posttransplant
medication nonadherence is a high-risk behavior with a huge
impact on survival [1], (2) we wanted to avoid wide
heterogeneity in chronic-stage providers and treatments, and
(3) we wanted to avoid chronic-stage recipients having to travel
to the clinic for the study. In addition, although early stage
recipients are typically better adherers [3,62], this did not
prevent us from observing an effect in the highest risk period
after transplant.
The interval between medication nonadherence assessments
may have led to recall bias. Although this bias could have
influenced the electronic score, this limitation is intrinsically
related to the validation methodology to ensure that the
electronic and traditional methods are performed in similar
conditions and in patients with similar psychological and
functional status. Moreover, the short study periods used were
methodologically grounded according to the main study aim of
validating the ePROMs. In sensitivity to change measures, a
1-month interval is considered an adequate interval to measure
the validity of an indirect smartphone health measure [51,52].
Moreover, fortnightly assessments are sufficient to identify
additional medication nonadherence in the transplant population
[46]. In reproducibility measures, intervals of 1 to 2 weeks are
common [63]. Therefore, a 7-day interval was selected to
minimize the effect of possible confounding variables [31]
related to the multifaceted factors affecting posttransplant
medication nonadherence [10,46].

Long-Term Workflow and Clinical Applications
Adherence monitoring is recognized as a standard quality
practice in transplant centers [7]. In the past few decades, there
has been a growing interest in improving the screening
opportunities of medication nonadherence without increasing
the in-clinic burden. The quality of the ePROM psychometric
variables and the patient satisfaction reported in this study
support the scalability of the mHeart ePROM for use in clinical
practice and research [11]. The results obtained indicate that
the electronic self-reporting approach provides a highly sensitive
medication nonadherence measure in the transplant population
to complement traditional and more time-consuming methods,
such as blood tests or medication refills [25,46].
Furthermore, given that medication nonadherence behavior in
the transplant population is influenced by several factors [7],
optimal daily adherence is a real challenge for recipients [64].
Consequently, feasible holistic strategies are needed to help
recipients reduce the negative impact of medication
nonadherence on health outcomes [20]. The exploratory results
of this behavioral theory–based intervention on medication
nonadherence rates are encouraging. Future studies will
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determine the intervention’s effectiveness on clinical outcomes
[13]. With this aim in mind, the EMERGE [28], TCS [32], and
CONSORT-EHEALTH reporting criteria [17] standards were
followed to support the scalability of the intervention
methodology used in larger research. For now, the feasibility
and effectiveness found in this study encourage following this
path to curb the widespread problem of medication
nonadherence.

Conclusions

Gomis-Pastor et al
HTx population. ePROMs demonstrated their potential to
overcome the limitations of traditional on-site methods. The
ePROMs’ quality properties supported their widespread use in
research and clinical practice. The theory-based intervention
program showed an encouraging improvement in medication
adherence rates, with excellent patient satisfaction and usability
scores. Therefore, the mHeart program resulted in significant
benefits in estimating medication nonadherence in the HTx
population and showed promise in guiding professionals’
interventions with the potential to optimize HTx outcomes.

The electronic method implemented in the mHeart medical
device successfully identified medication nonadherence in the
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Abstract
Background: To ensure quality care, clinicians need skills, knowledge, and attitudes related to technology that can be measured.
Objective: This paper sought out competencies for mobile technologies and/or an approach to define them.
Methods: A scoping review was conducted to answer the following research question, “What skills are needed for clinicians
and trainees to provide quality care via mHealth, have they been published, and how can they be made measurable and reproducible
to teach and assess them?” The review was conducted in accordance with the 6-stage scoping review process starting with a
keyword search in PubMed/Medical Literature Analysis and Retrieval System Online, APA PsycNET, Cochrane, EMBASE,
PsycINFO, Web of Science, and Scopus. The literature search focused on keywords in 4 concept areas: (1) competencies, (2)
mobile technologies, (3) telemedicine mode, and (4) health. Moreover, 2 authors independently, in parallel, screened the search
results for potentially relevant studies based on titles and abstracts. The authors reviewed the full-text articles for final inclusion
based on inclusion/exclusion criteria. Inclusion criteria were keywords used from concept area 1 (competencies) and 2 (mobile
technologies) and either 3 (telemedicine mode) or 4 (health). Exclusion criteria included, but were not limited to, keywords used
from a concept area in isolation, discussion of skills abstractly, outline or listing of what clinicians need without detail, and listing
immeasurable behaviors.
Results: From a total of 1232 results, the authors found 78 papers eligible for a full-text review and found 14 papers directly
relevant to the 4 key concepts. Although few studies specifically discussed skills, the majority were clinical studies, and the
literature included no lists of measurable behaviors or competency sets for mobile technology. Therefore, a framework for mobile
technology competencies was built according to the review, expert consensus, and recommendations of the Institute of Medicine’s
Health Professions Education Summit and Accreditation Council of Graduate Medical Education framework. This framework
borrows from existing competency framework domains in telepsychiatry and social media (patient care, medical knowledge,
practice-based learning and improvement, systems-based practice, professionalism, and interpersonal skills and communication)
and added domains of mHealth clinical decision support, device/technology assessment/selection, and information flow management
across an electronic health record platform. mHealth Asynchronous components require additional traditional learning, teaching,
supervisory and evaluation practices. Interactive curricula with case-, problem-, and system-based teaching may help faculty
focus on decision making and shape skills and attitudes to complement clinical exposure.
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Conclusions: Research is needed on how to customize implementation and evaluation of mHealth competencies and to ensure
skill development is linked to the quality of care. This will require the management of organizational change with technology
and the creation of a positive electronic culture in a complex policy and regulatory environment.
(JMIR Mhealth Uhealth 2020;8(2):e12229) doi:10.2196/12229
KEYWORDS
apps; behavior; education; mobile; outcome; competency; technology; health; mobile phone; framework

Background

is suggested by the World Health Organization [3] and the
Institute of Medicine [4] to help physicians learn about
technologies and educate patients.

Mobile technologies such as mobile phones and other devices
are supported by third generation and fourth generation mobile
networks for data transport, computing, and integration. They
have been a force in business, entertainment, and health
communities and enable communication, monitoring, consulting,
and other health care services across geographical, cost, and
temporal barriers [1]. This movement is consistent with personand patient-centered care, often spoken of as participatory
medicine. It has moved patients from being mere passengers to
responsible drivers of their health, and physicians value them
as partners [2]. Accordingly, educational reform with technology

In health care, mobile health (mHealth) components include
monitoring, alerting, data collection, record maintenance, and
detection and prevention systems [5]. mHealth was previously
defined as “unwired e-med,” [6] then as mobile communications
and network technologies [7], and now as the application of
mobile or wireless communication technologies to health and
health care [8]. mHealth service architecture includes many
settings, devices, and operational features (Figure 1). These
afford accessibility, timeliness, and integration. Technology
enables providers to do more with patients in a longitudinal,
integrated way and is therefore called a practice extender [9].

Introduction

Figure 1. How mobile health, mobile phone/device, and apps integrate information in the digital age.

mHealth recontextualizes health care communication via phones,
tablet computers, and wearable devices (eg, smart watches and
sensors) [10,11]. As such, mHealth intersects with the field of
http://mhealth.jmir.org/2020/2/e12229/
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remote patient monitoring of patients outside of conventional
clinical settings (eg, home-based chronic disease management).
Persons, patients, caregivers, and family members report more
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support if a problem arises and have fewer emergency
department visits and hospitalizations [10,11]. Mobile apps
offer (1) portability for access to data, systems, and other
information, regardless of patient geography and transportation
barriers; (2) an inexpensive option vs traditional desktop
computers; and (3) additional features such as context-aware
interventions and sensors [12] with real-time feedback. Although
mobile technologies may feature live streaming of data, they
are typically used like the 24-hour, 7-day per week Holter
monitor in cardiology, which is read intermittently at the end
of the data collection; therefore, it is usually functionally
asynchronous.

A straightforward competency framework for some technologies
is available for faculty, program directors, and administrators
(eg, telepsychiatry and social media) [22-24]. It is based on the
US Accreditation Council of Graduate Medical Education
(ACGME) framework [25], which has domains related to patient
care, medical knowledge, practice-based learning and
improvement, systems-based practice, professionalism, and
interpersonal skills and communication [25]. Another useful
framework is the Royal College’s Canadian Medical Education
Directives for Specialists, which uses 7 roles that all physicians
play: medical expert, communicator, collaborator, manager,
health advocate, scholar, and professional [26].

The mHealth devices (Figure 1) have the following features
[13]:

The telepsychiatry competencies framework simplified the
Dreyfus 5-level model of learners (level 1–novice; level
2–advanced; level 3–competent; level 4–proficient; and level
5–expert) [27] to 3 levels: novice/advanced beginner (eg, early
clinicians or those unfamiliar with technology);
competent/proficient (eg, able to translate in-person to
technology-based care well); and expert (eg, advanced in clinical
care and via technology). Others use a similar gradation
nationally, such as the National Hospice and Palliative Care
Organization [28].

•
•

•
•

•

Voice/video calling: convenient way for clinicians and
patients to remotely communicate;
SMS and multimedia message services: transmit text
messages and video clips/sound files as a cost-effective
way to deliver education;
Multimedia functions: provide a range of learning
opportunities;
Inbuilt sensors: touch, motion, and GPS sensors that
simplify clinical assessment and lifestyle and social
activities;
Device connectivity: practical and less error-prone data
entry than manual processes.

mHealth also has clinical decision support (CDS) and
information flow management features, which helps providers,
patients, and others make decisions in time. These features
improve outcomes, reduce unnecessary mistakes, and increase
efficiency [14-16]. Health care has different types of information
systems and domains, including the electronic health record
(EHR), picture archiving and communication systems,
laboratory information systems, and CDS systems. CDS
provides clinicians, patients, and others with knowledge and
person-specific information, intelligently filtered or presented
at appropriate times, to enhance health and health care. Research
is investigating core components and processing features [13],
including in child and adolescent psychiatry [15]. CDS arose
within clinical informatics but is increasingly valued in medicine
and behavioral health [16].

Competencies for Technology
Clinicians need a framework and skills/competencies for
mHealth as a way to link skill and attitudinal change with quality
of care [17]. The Institute of Medicine’s core competencies for
the health professions—now being applied to telepsychiatry
and other technologies—include the ability to provide
patient-centered care, work in interdisciplinary teams, employ
evidence-based practice, apply quality improvement (QI), and
use information technology [4]. Competency-based medical
education movement focuses on clinical skill development and
curricula to produce desired outcomes for learners in addition
to knowledge acquisition [18]. Learner-centered educational
outcomes are set, and then teaching and assessment methods
are aligned [18,19]. Faculty assess learners during patient care
in addition to seminars to ensure skill development [20,21].
http://mhealth.jmir.org/2020/2/e12229/
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The telepsychiatry patient care domain was divided into 2 parts:
(1) clinical—the history, interviewing, assessment, and treatment
and (2) administrative-based procedures/issues related to care
such as documentation, EHR, medicolegal aspects, billing, and
privacy/confidentiality. Systems-based practice included
interprofessional education models of care and safety, whereas
professionalism included integrity, ethics, culture, and diversity.
As both telepsychiatry and in-person care are synchronous
practices, the competencies are similar to a few significant and
many minor adjustments in approach, execution, and evaluation
(eg, inquiry about use of and comfort with technology and
modification of a mental status examination at a distance). The
competencies also added other important features such as
detailed andragogy/pedagogy methods for teaching and
assessment of learners, faculty development priorities, and
institutional competencies for administration [22].
Social media and networking competencies apply as a preview
of mHealth’s asynchronous components [23]. Social media (1)
is asynchronous not synchronous, so it cannot be organized or
structured like traditional care; (2) may affect how participants
engage within the therapeutic frame; (3) is conducted over
public, private, and health system sites, making data integration
and security difficult, if not impossible; (4) challenges users to
maintain tight personal and professional boundaries, as email
and texting may cause complications; and (5) requires clinicians
to verify the identity of the patient for a social media account,
as false identities are sometimes used [24]. A history about the
use of social media needs to inquire about social media sites
visited as well as for what purpose they are used [29].
For patient care related to social media, the competent/proficient
clinician discusses technology during the consent process and
screens for social media use. The clinician decides with the
patient whether social media is part of the clinical service
contract. This requires some reflection on its pros/cons, as much
of it is outside the therapeutic hour [10]. At a minimum, if it is
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part of the plan, it should be used as part of an established
doctor-patient relationship. The clinician needs to systematically
screen what is used and for what purpose(s) (eg, entertainment,
health care, and behavioral health care). A plan may be needed
to manage risks (eg, privacy, self-disclosure, and cyberbullying).
As clinicians also have social media profiles, they have to be
mindful of colleagues and patients–to portray a professional
image–and to remember that one represents oneself, the
institution, and the profession. Many of these challenges apply
to mHealth, so additional screening and planning are needed
with regard to patient care [17].

Lack of Existing Competencies for Mobile Health
mHealth is used clinician-to-clinician, clinician-to-patient, and
person/people-to-others; the participants may be mobile or
stationary. This poses significant challenges to clinical care, as
mHealth
alters
communication,
boundaries,
and
privacy/confidentiality; therefore, clinicians are encouraged to
screen what technology is being used, how, and when [30].
mHealth may therefore affect the therapeutic relationship and
it is important to use the right technology at the right time (eg,
not using an app or text to express suicidal ideation [SI]) as part
of a treatment plan. Although mHealth may empower patients
via in-time learning and increased self-efficacy, all parties need
to have time to acquire knowledge, gain skills, and adjust
attitudes. This is greater than any single party seeking
information, as knowledge does not necessarily translate into
skill.
A conceptual approach may need to consider mHealth as both
inside and outside of the clinical visit. Patients bring up apps,
communications, and assignments from clinicians (eg, filling
out a questionnaire). This is a new dimension of care typically
without problems. An approach on competencies, however,
encourages the clinician to use mHealth in the treatment plan
more purposely (eg, using an app weekly for monitoring
depression), rather than spontaneously. The clinician can help
the patient use an app in a (structured) way that feeds into the
EHR—instead of a half dozen apps that do not—which
simplifies treatment and protects privacy. mHealth may also be
used for communication outside the visit, and if a clinician uses
her/his personal device for professional care, this may be
disruptive, as texts and email create extra workload and irregular
contact after hours (ie, a boundary problem).
There are things that mHealth, telemedicine/telepsychiatry (ie,
video), social media, and other technologies have in common.
mHealth like video connects participants synchronously (eg,
live feed of data to a clinician for decisions) [31] or
asynchronously [32]. Additional competencies are needed as
mHealth includes CDS, mobile technology assessment/selection,

http://mhealth.jmir.org/2020/2/e12229/

XSL• FO
RenderX

Hilty et al
and information flow management across an EHR platform.
Unlike telepsychiatry, but like social media, mHealth may have
asynchronous components (eg, texting) [33]. Not all patients
may be suitable for mHealth and social media because of
impulsivity (eg, disclosure of information, attempts at
after-hours contact), and otherwise failing to understand the
medium. On the other hand, some severely ill patients may
benefit from mobile technologies. They may provide a
wraparound approach, similar to case managers, for patients
with schizophrenia who live in the community.
In addition to the clinical care adjustments, there are educational
ramifications for mHealth competencies. The examples below
show how supervision is on one hand similar (eg, mobile
technologies are discussed like any other topic at a weekly
supervisory meeting) but on the other hand, different (eg,
additional supervisory contact to review online data about
patient experiences over time). Accordingly, leaders need to
organize a curriculum, perform program evaluation, train
faculty, and administer change.
This paper will help with reference to mobile technologies’ (ie,
mHealth, mobile phones and other devices, and apps)
competencies so the reader can:
1.

2.

3.

develop competencies for mobile technologies using the
ACGME framework, which is founded in the
competency-based medical education movement,
model the mHealth competencies based on the competencies
for telepsychiatry and social media, but shift them based
on mHealth’s components, concepts, operations, and
processes,
model teaching and evaluation processes for clinicians,
programs directors, and health care systems, which facilitate
skill development based on those for telepsychiatry and
social media but adjust them contextually based on
mHealth’s components, concepts, operations, and processes.

The section Methods outline the approach, strategy, validity
assessment, and expert opinion processes. The Results are first
organized into the findings, how the framework was built, and
an overview of the competency movement in medicine. Existing
competencies in telepsychiatry and social media are briefly
described to provide historical background. Next, the Results
outline unique elements of mHealth, with Figure 1 to provide
clinical context, and a competency set, with examples to provide
specifics. Some examples focus on clinical and supervisory
themes, whereas others focus on teaching by faculty, with tables
to outline both learning (Multimedia Appendix 1) and teaching
(Multimedia Appendix 2) specifics. Figure 2 provides an overall
picture on components of an e-learning culture and Figure 3
shows how the patient, clinician, and system need an interface.
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Figure 2. Competency areas of an e-Culture for a training institution related to mobile health, mobile phone/device, and apps.

Figure 3. The relationship between patient care needs based on acuity and information technology connectivity.

http://mhealth.jmir.org/2020/2/e12229/

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12229 | p.316
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Methods
Approach
The literature keyword search was conducted from July 2003
to February 2019. The philosophical approach to the search was
used according to the original 6-stage process [34] and updated
modifications [35] for scoping reviews. These reviews are
typically undertaken to examine the extent, range, and nature
of research in a topic area and identify gaps in knowledge rather
than examine more specific, narrow topics based on study
designs of systematic reviews. Both types of reviews use an
approach based on concept, target population, and health
outcomes.
The stages in this process have been described as (1) linking a
clear purpose with a well-defined research question, with a
rationale for completion; (2) identifying relevant studies based
on the question and purpose, employing a suitable team; (3)
selecting studies based on an iterative process involving
searching the literature, refining the search strategy, and
reviewing articles for study inclusion, along with reviewer
discussion at the beginning, midpoint, and final stages; (4)
charting the data and updating the form by having at least 2
reviewers extract information; (5) analysis, reporting, and
considering the meaning of the findings (previously known as
collating, summarizing, and reporting); and (6) using preliminary
findings to obtain consultation from stakeholders toward an
aim, using a plan for how data are collected, analyzed, reported,
and integrated within the overall study outcome. Finally,
clarifying terminology (eg, scoping reviews vs studies) and
quality assessment are suggested [35].

The Research Question
The question that guided the review was, “What skills are
needed for clinicians and trainees to provide quality care via
mHealth, have they been published, and how can they be made
measurable and reproducible to teach and assess them?” The
goal was to identify behaviors (skills and competencies), make
them measurable for implementation, and be able to assess
learning outcomes, which are distinct from clinical treatment
and service system outcomes. Implementation involves
assessment of acceptability, adoption, appropriateness,
feasibility, fidelity, implementation cost, penetration, and
sustainability [36]. As the search proceeded, additional terms
were suggested by experts to potentially modify of the question,
but new searches did not result in additional data, and the
question did not change.

Identifying Relevant Studies: The Search Strategy
A literature keyword search from July 2003 to February 2019
(previously described) [30] placed keywords into concept areas
[37]. The databases searched were PubMed/Medical Literature
Analysis and Retrieval System Online, APA PsycNET,
Cochrane, EMBASE, PsycINFO, Web of Science and Scopus,
Science Citation Index, Social Sciences Citation Index,
Telemedicine Information Exchange database, Centre for
Reviews and Dissemination, and The Cochrane Library
Controlled Trial Registry database. The initial literature search
targeted 4 concept areas: (1) competency(ies) (skills, behavior,
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cognition, cognitive, pedagogy, framework, education, training,
milestones, and curriculum); (2) mobile technologies
(Web-based, apps, text, internet, mobile phone, wearable, and
device); (3) telemedicine mode (video, synchronous,
asynchronous, phone, and email); and (4) health (patient,
clinician, care, services, medicine, psychiatry, mental, and
behavioral).

Study Selection
An iterative process involving searching the literature, refining
the search strategy, and reviewing articles for study inclusion
was used. Two authors (DH and SC) independently, in parallel,
screened the search results for potentially relevant studies based
on titles and abstracts. Full-text articles were reviewed for final
inclusion based on the keyword search. Inclusion criteria were
keywords used from concept area 1 (competencies) and 2
(mobile technologies) and either 3 (telemedicine mode) or 4
(health). Exclusion criteria included keywords used from a
concept area in isolation (eg, using the word competency but
not mentioning a single skill); discussing skills abstractly (eg,
as part of clinical skill development), outline or listing of what
clinicians need (eg, knowledge, skills, and attitudes) without
detail, listing behaviors that are not measurable (eg, good
engagement), and terms in combination (eg, cognitive,
milestones, and patient) without discussing competencies).
Findings of the searches were shared with others at the
beginning of the process to decide study inclusion and exclusion,
for the 2 reviewers to independently review abstracts and full
papers; when disagreements on study inclusion occurred, a third
reviewer determined the outcome. Reviewers met at the
beginning, midpoint, and final stages of the abstract review
process to discuss challenges and uncertainties related to study
selection and to go back and to refine the search strategy. Study
selection would have involved posthoc inclusion and exclusion
criteria, based on the specifics of the research question, new
familiarity with the subject matter, and expert input. However,
none were added in this study.

Charting the Data
A data-charting form was not developed and used to extract
data from each study, but notes were organized consistent with
a narrative review or descriptive analytical methods by each
reviewer to extract contextual or process-oriented information
from each study, particularly the frameworks of telepsychiatric
and social media competencies. The reviewers then compared
and consolidated information regarding content. A qualitative
content analysis approach would have been used if there was
more content, to make sense of the wealth of extracted data. A
descriptive analytical method was used to summarize the process
and content information of discussions with experts, in an effort
to chart and summarize complex concepts in a meaningful way.

Analysis, Reporting, and Considering the Meaning of
the Findings
This phase was to organize meaningful results in a table, study
by study, with skills outlined and parsed together incrementally.
Then, the authors consolidated the data and followed up with
the expert consensus step. There were few papers, so the
findings were reported individually, as the depth of existing
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research was less than expected. Indeed, there were virtually
no experts outside of the authors with a command over the
necessary different fields (eg, pedagogy, mHealth, and medical
education administration). Therefore, the reporting of results
and applying of meaning to the results was added to the authors’
preliminary framework tables, and case examples were used to
describe the findings. A descriptive numerical summary of
results and a thematic analysis were not possible.

Consultation for Expert Opinion
Expert opinion was solicited in 4 ways: (1) a series of medical
educator conference calls focused on teaching competencies
[22,23], (2) discussion during several regional and national
presentations (eg, American Association for Directors of
Psychiatry Residency Training, (3) through individual
discussions with educational experts [23], and (4) input from
national behavioral health organizations–for example,
psychiatry/medicine, psychology, social work, counseling,
marriage/family, psychiatric nursing, and behavioral analysis)
via 2 rounds of input for the consensus process [22,38]. That
process was based on an already published review of
interprofessional literature (ie, psychiatry/medicine, psychology,
social work, counseling, marriage/family, psychiatric nursing,
and behavioral analysis), which gained 2 rounds of input from
national organizations as part of the consensus process [38].
The participants included educational leaders (eg,
course/program directors, chairs, deans, a national society
executive director), educational researchers, journal editors, and
authors of educational textbooks. Participants had content
expertise in medicine, psychiatry, education, health services,
mobile technologies, and ethics. They represented viewpoints
enriched by their leadership roles within their professional
societies. Stakeholders were consulted with a purpose to validate
preliminary findings, to integrate additional data related to the
findings, and to revise the search to collect better data, if
possible. Using a modified Delphi process, the conference
participants reviewed an initial framework [22] based on
qualitative analysis of identified themes that incorporated both
ACGME competencies and the Royal College’s Canadian
Medical Education Directives for Specialists roles. The Delphi
process is based on the principle that decisions from a structured
group of individuals are more accurate than those from
unstructured groups.
The conference calls series comprised 2 groups of 8 medical
educators from the United States and Canada to discuss
educational competency development. The preliminary findings
were placed in the framework table, with both themes and
individual suggestions (ie, findings). This allowed stakeholders
to build on the evidence and offer a higher level of meaning,
content expertise, and perspective to the preliminary findings.
The references were also reviewed, and additional references
were solicited. The Delphi process was modified in 3 ways:
conferences were conducted by video/telephone, they occurred
using groups of people from more than one organization, and
part of the group feedback was provided by returning
questionnaires.

http://mhealth.jmir.org/2020/2/e12229/

XSL• FO
RenderX

Hilty et al

Results
Overview
From a total of 1232 potential references, the authors found 78
eligible for a full-text review and 14 papers directly relevant to
the concepts. From papers’ references, another 10 papers were
found, but they were mainly foundational sources about
competencies from continuing and graduate education. There
were a few papers on skill development, mainly in nurses and
community health workers [39-41]. There were many references
to patient education and the quality of a good app. There were
also many references to informatics competencies, but none
with competencies for mHealth; however, one used an ACGME
framework [42].
Therefore, a framework was built according to the review, expert
consensus, and recommendations of the Institute of Medicine’s
Health Professions Educational Summit [4] and ACGME
framework [25]. It borrowed from existing frameworks in
telepsychiatry, social media, and telebehavioral health. As
mobile technologies have similarities to in-person and
telepsychiatric care, mHealth competencies were placed in
milestone domains of patient care, medical knowledge,
practice-based learning and improvement, systems-based
practice, professionalism, and interpersonal skills and
communication.
Additional competencies were suggested as mHealth includes
CDS, device/technology assessment/selection, and information
flow management across an EHR platform. As care with
mHealth may have asynchronous components—such as social
media—competencies for trainees and clinicians may help them
shift traditional learning, teaching, supervisory, and evaluation
practices to achieve targeted outcomes. Asynchronous is defined
in several ways but it includes sending information byte by byte,
sequentially between parties (eg, texting), radiographs/pictures
(eg, radiology and dermatology), and prerecorded information
transfer [32].

Mobile Technologies Competencies
The experts agreed that the mHealth competency set be modeled
after the ACGME framework of the telepsychiatric and social
media competencies [22-24] and employ 3 levels named
novice/beginner, competent/proficient, and expert [22,28]. The
framework has been described in Multimedia Appendix 1.

Example 1: Description of Patient Care History
Taking, Engagement, Assessment, and Treatment
The Patient Care section includes history taking, engagement
and interpersonal skills, assessment, education and management,
and treatment planning. It also includes administration,
documentation, and medicolegal issues such as privacy,
confidentiality, safety, data protection/integrity, and security.
Clinicians should help patients reflect on the pros/cons of mobile
technologies’ use as part of ongoing treatment and document
this (eg, as part of the consent form or in a progress note). This
may include, but not be limited to, the competent/proficient
clinician selecting the mobile technology option based on patient
preference, skill and need (ie, purpose). To do that, it is helpful
to know if the patient uses mobile technologies for personal
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life, health care, and behavioral health care. The clinician should
see if the patient is aware of risks (eg, privacy, self-disclosure,
and potential for cyberbullying) and help them select options
that are easy to use.
Technology in the form of mobile technologies can be useful
for preparing for a treatment session or collecting information
between sessions (eg, see the row titled “Management and
treatment planning” in Multimedia Appendix 1). Ecological
momentary assessment (EMA) involves repeated sampling of
naturalistic behaviors and experiences [43-45] of day-to-day
life such as habits (eg, smoking), mood changes (ie, depression),
physical activity, and vital signs (eg, blood pressure).
Paper-and-pencil diary methods (eg, medication calendars) are
subject to memory lapses, recall bias, and bias related to social
desirability. Now, mobile technologies may immediately capture
information by alarms (ie, signal dependent) or key events (ie,
event-dependent) that facilitate in-person trajectories and
temporal sequences of behavior, particularly if wearable sensors
are used.
In behavioral health, EMA measurement of changes in
mood/affect correlate better with clinician-rated affective
symptoms, may be used to detect subsequent risk of SI in bipolar
patients [46], and may be preferable to patients (eg, Veterans
prefer to complete psychometric measures such as the Patient
Health Questionnaire or PHQ-9 using an iPhone [47,48]). If an
urgent issue arises (eg, a patient reports SI via an app), an
immediate telephone call or emergency response is almost
always suggested, although a personalized email or text may
be therapeutic and successful to prevent worsening [49-52].

Teaching, Assessment, and Evaluation of Mobile
Technologies
Overview
The outcome (ie, competency skill or behavior) should
predetermine its measurement as well as teaching, supervision,
and organization of clinical services. This is particularly
important as mobile technologies cause a shift, which may
include events as part of a regular clinical visit or between visits.
If clinicians who are supervisors pre-emptively decide that
mobile technologies are not part of care or informally approach
mHealth, trainees may not provide adequate supervision to
develop necessary skills. Similarly, poor outcomes may occur
if the discussion of mobile technologies is left to chance rather
than a planned part of supervision.
The supervisor’s approach requires many things, particularly a
solid foundation in psychiatry (eg, the therapeutic frame and
boundary issues) and experience with technology. She/he needs
clear personal and professional boundaries and
professional-personal wellness/balance to avoid other problems.
She/he must plan how to monitor information flow and make
decisions, if applicable, between visits. Patients and clinicians
should have an initial discussion and monitor changes. Attention
to longitudinal documentation is needed (eg, consent form and
progress notes) for both supervisors and trainees. A patient’s
increasing number of requests for nonphone contact between
visits (eg, apps, texts, and emails) may be a good sign or signal
expectations that are not healthy.
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Clinical Supervision of Mobile Technologies
Competencies
An approach to teaching these competencies involves a wide
range of methodologies, settings, and participants (Multimedia
Appendix 2). Mobile technologies and social media have
asynchronous functions, so an approach to organize the teaching
plan is needed. A computer can be programmed to email, text,
or otherwise contact a patient or a clinician may contact the
patient throughout the week or vice versa. The flow of
information has to be funneled into scheduled supervision as
part of a caseload or quickly dealt with by a curbside
consultationin time. Thus, clinical workflow and administrative
policies may be required to provide a trainee time to reflect,
consider options, and get advice before responding.

Traditional Teaching Approaches
Case-based learning (as seen in Multimedia Appendix 2) is a
good teaching and learning method that uses real life examples
or vignettes in seminars, site-based case conferences, and
QI/grand round presentations. These also draw from trainees’
experiences with patients about mobile technologies. Interactive
methods such as role-plays can be used to flush out the issues,
practice communication skills, identify options for decisions,
and propose solutions for patients. Context for other settings
and in-depth learning occurs through group input and feedback
from peers and faculty. Furthermore, this provides an
opportunity to build and solidify the resident Role as an
Educator (Multimedia Appendix 2). She or he learns to work
with an interprofessional team and adapt communication skills
to multiple people. For a content area such as Knowledge
(Multimedia Appendix 1), decision support tools may help
clinicians evaluate apps to see if they are evidence based and
develop an approach to use them in an evidence-based fashion.
Faculty cannot supervise mHealth care in real time like a
scheduled visit. Reflection, peer advice, and faculty supervision
may be required quickly, which may necessitate on-site on-call
or faculty of the day supervision, but these other faculty may
triage a situation differently than the trainee’s ongoing
supervisor. With regard to Example 1 given above related to
SI, the trainee has to decide what to do and has several potential
options: do nothing (if it is a chronic behavior for the patient);
send a personalized, empathic text that is therapeutic [49];
telephone the patient; and trigger an emergency response. The
personalized text may be part of an ongoing therapy for
nonlethal impulsive harm (eg, self-mutilation). All parties should
learn about clinic, department, and health system policies—if
any are in place—or be prompted to develop them.

Example 2: Description of Supervision Clinical Care
With Patients by Observing Faculty
CDS tools may also help with diagnosis and treatment [53] and
this is learned in the flow of clinical care rather than by seminar,
although case presentation and QI projects may help others learn
and improve workflow. CDS is sometimes misunderstood as
alert, notification, or explicit care suggestions, but CDS
encompasses a variety of tools including, but not limited to
computerized alerts and reminders for clinicians and patients,
clinical guidelines, condition-specific order sets, focused patient
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data reports and summaries, documentation templates, diagnostic
support, and contextually relevant reference information [54].
CDS tools provide clinicians, patients, and others with
knowledge and person-specific information, intelligently filtered
and presented in a timely fashion. These help to enhance health
and health care by enhancing decision making in the clinical
workflow.
Examples are patient-report questionnaires and rating scales,
which standardize evaluation and facilitate treatment tracking
by automatically sending scores to a clinician in real time. One
option (eg, Outcomes Questionnaires Analyst) utilizes electronic
tracking of distress among patients and it has been used by some
health systems with other disease-specific scales in order to
within an online behavioral health EHR to inform decision
making. Another uses the Brief Symptom Inventory for
monitoring [52]. A Web-based CDS system for depression care
management helps care managers and others implement the
collaborative care model [55].

Discussion
Overview
Mobile technologies have similarities and differences to
in-person and telepsychiatric care. The competencies for mobile
technologies for trainees and faculty are based on graduate
medical education, but they apply across health disciplines,
professions, and behavioral health. Program directors, faculty,
department leaders, and health system administrators must help
trainees make decisions on how to best assess, triage, and treat
patients and maintain the therapeutic relationship while using
technology. Clinicians/faculty can model the importance of
placing the patient’s needs first and embracing technology for
health care reform [3,4]. If and when they do not, students’
digital professionalism has been shown to deteriorate during
core clinical clerkships, according to behavior, privacy, and
attitudinal measures [56].
Traditionally, clinicians depend on research and clinical
measures as well as guidelines for care. The Healthcare
Information and Management Systems Society (HIMSS) has
created assessment guidelines for mobile technologies [57], and
existing evidence-based guidelines for apps stratify purposeful
use, content/process, measurement/assessment, and quality
[30,58-61]. However, skills are needed to use the evidence base,
and unfortunately, some guidelines on email, social media, and
other technologies are not evidence- and consensus-based
[17,39].

The Future State
Going forward with mHealth competencies, there are several
suggestions. The findings need more detailed metrics and
thorough evaluation to be measurable. For both cross-sectional
and longitudinal trajectories, qualitative and quantitative
evaluation of participants is suggested to iteratively improve
the process. Research is also needed on to how to implement
competencies in a customized way and evaluate them to ensure
skill development improves quality of care. Organizational
assessment and change are needed as this mHealth is a paradigm
shift that recontextualizes digital health care. Trainees are a
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helpful vehicle for teaching faculty about mHealth, social media
and other technologies—in clinical settings and particularly
through QI, scholarship/research projects, and grants (eg, an
Institute on Medicine as a profession and the Josiah Macy Jr
Foundation 2-year grant on social media).
Technology significantly shapes people’s lives, and they have
expectations in health care as in the rest of the real world.
Undergraduate universities, business, banking, and even dating
services learned that to prosper and survive, they had to adjust
to people’s preferences for electronic and online modalities
[62]. The business approach to new markets and to match
products with user needs (Figure 3 [63]) could be useful for
medicine related to technology. For patients’ health care to
improve, clinicians need to understand the person behind the
patient, their motivations, and their behaviors [64]. To do this,
new paradigms are needed to help organizations change
[31,65-68], and institutional competencies for technology have
been suggested for academic health centers [22]. At a minimum,
a plan for technology infrastructure and policy/procedures are
needed for clinical, education, and research missions. For mobile
technologies, there are at least 5 paradigm shifts at hand—each
driven by demand, outcomes, competencies, and evaluation:
1.

2.

3.

4.

5.

Patients and trainees of the X, Millennial/Y, and Z
generations want and expect a digital health care experience
[23,24];
Technology-based health care is at least as efficacious (eg,
telepsychiatry) as in-person care, and it leverages resources
much more efficiently [32,56,69];
Health care systems must focus on skills/competencies in
addition to knowledge to ensure quality, safety, and
efficiency of care;
An EHR-platform informed by information systems should
be a versatile, flexible foundation for good clinical care (eg,
multiple entry portals via mHealth) [64];
The mHealth is an example of a new and strategically better
way to frame or organize health care [8,13,23] if leaders
and other participants embrace it and find a way to manage
constraints (eg, reimbursement).

Shifts in Education and Practice
The path through training, lifelong practice, and accreditation
has some disconnections despite common interests related to
policy, regulatory, and other matters [30]. In behavioral health,
coordination and collaboration may involve the Association of
State and Provincial Psychology Board, the American Board
of Psychiatry and Neurology, and the American Psychiatric
Association. Legal and regulatory issues are complex as
clinicians need to adhere to in-person and telehealth-relevant
laws and requirements—and adapt those standards to
mHealth—while attending to contextual and overarching
jurisdictional issues of states and the government (and its
agencies). Nongovernmental regulatory requirements and
recommendations may also apply (eg, in the United States, Joint
Commission, Council on Accreditation, Utilization Review
Accreditation Commission, and HIMSS).
There are limitations to this set of mobile technologies
competencies. First, study selection was based on guidance
from a team (ie, only 2 reviewers), which was not
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interdisciplinary, and without a transparent and replicable
process. Second, a data-charting form was not developed and
used to extract data from each study. Third, breaking the analysis
phase into meaningful and systematic steps would have been
more rigorous and would have provided a guide for future
researchers [70]. Fourth, with regard to reporting and
considering the meaning of the findings, only a thematic analysis
was presented, rather than a numerical analysis of the extent
and nature of studies. A summary of results would be in order,
but when a scoping review is done when there is insufficient
evidence, that is not always possible [71]. Fifth, broader input
for
consensus
across
organizations
(eg,
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American/British/Canadian Medical Associations and American
Telemedicine Association) could have been helpful. Sixth,
although posthoc changes via experts were added to the table
of competencies, there were few because of the authors’
familiarity with the subject matter being far ahead of the
literature and the experts obtained. A qualitative, small group
interview approach with experts via a semistructured guide
could have asked participants to identify models for care
(regardless of whether they were published) and to specify key
model components [71]. Finally, if calls had been recorded,
summarized, and shared with the group, ideas could have been
clarified and additional input gained.
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Abstract
Background: Ankle sprains are one of the most frequent sports injuries. With respect to the high prevalence of ankle ligament
injuries and patients’ young age, optimizing treatment and rehabilitation is mandatory to prevent future complications such as
chronic ankle instability or osteoarthritis.
Objective: In modern times, an increasing amount of smartphone usage in patient care is evident. Studies investigating mobile
health (mHealth)–based rehabilitation programs after ankle sprains are rare. The aim of this study was to expose any issues present
in the development process of a medical app as well as associated risks and chances.
Methods: The development process of the Ankle Joint App was defined in chronological order using a protocol. The app’s
quality was evaluated using the (user) German Mobile App Rating Scale (MARS-G) by voluntary foot and ankle surgeons (n=20)
and voluntary athletes (n=20).
Results: A multidisciplinary development team built a hybrid app with a corresponding backend structure. The app’s content
provides actual medical literature, training videos, and a log function. Excellent interrater reliability (interrater reliability=0.92;
95% CI 0.86-0.96) was obtained. The mean overall score for the Ankle Joint App was 4.4 (SD 0.5). The mean subjective quality
scores were 3.6 (surgeons: SD 0.7) and 3.8 (athletes: SD 0.5). Behavioral change had mean scores of 4.1 (surgeons: SD 0.7) and
4.3 (athletes: SD 0.7). The medical gain value, rated by the surgeons only, was 3.9 (SD 0.6).
Conclusions: The data obtained demonstrate that mHealth-based rehabilitation programs might be a useful tool for patient
education and collection of personal data. The achieved (user) MARS-G scores support a high quality of the tested app. Medical
app development with an a priori defined target group and a precisely intended purpose, in a multidisciplinary team, is highly
promising. Follow-up studies are required to obtain funded evidence for the ankle joints app’s effects on economical and medical
aspects in comparison with established nondigital therapy paths.
(JMIR Mhealth Uhealth 2020;8(2):e16403) doi:10.2196/16403
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Introduction
Background
An ankle sprain is one of the most frequent injuries, with an
incidence of 1:10,000 individuals per day in amateur and
high-performance sports in the United States [1]. With respect
to the high prevalence of ankle ligament injuries and patients’
young age, optimizing aftercare and rehabilitation is mandatory
[2]. Moreover, the economic burden of ankle sprains is
enormous [3]. High medical, physiotherapeutic, and lost
productivity costs burden health care systems and create the
need for new, efficient diagnostic and therapeutic solutions [4].
To prevent long-term complications, complex ligament injuries
and recurrent ankle sprains with progression to chronic ankle
instability (CAI) have to be recognized. The development of
ankle osteoarthritis (OA) as a long-term consequence of CAI
was first shown by Harrington et al [5] in 1979. Following an
ankle ligament injury, posttraumatic muscular insufficiency
[6,7] and ankle OA were observed in 13% of the cases [8].
Therefore, the adequate and consequent treatment of an ankle
sprain might prevent CAI and OA.
Nowadays, early functional treatment is considered the gold
standard for the lateral ligament lesion of the ankle [2,9]. The
latest national guideline published by the German Orthopedic
Foot and Ankle Society (Deutsche Assoziation für Fuß und
Sprunggelenk eV, DAF) also recommends a conservative
approach to acute ligament tears of the lateral ankle joint [10].
In times of digitalization and emerging technologies,
smartphones are regularly used to accomplish everyday tasks,
such as Web-based banking and communication via messenger
or email, and penetrate rapidly into more and more areas of life
[11]. The portability and omnipresent accessibility of
smartphones enable usage anywhere and anytime [12]. In
general, the growing implementation of smartphones as a
transfer media in medical context is evident [13].
It has already been shown that the patients’ acceptance is given
for collecting personalized health-relevant data via software
apps, to share these with their peers or the medical staff [14].
Moreover, mobile short message service text messages and apps
can have a positive impact on the posttraumatic outcome by
showing increased adherence to medications and protocols,
improved clinic attendance, and decreased readmission rates
and emergency room visits [15].
However, the implementation and use of mobile health
(mHealth) in medical care, especially in the fields of orthopedics
and trauma surgery, can still be regarded to be in an early stage.
So far, only 13 serious medical apps in orthopedics and trauma
surgery have been identified for regular use in outpatient and
inpatient medical care in German-speaking countries [16]. In a
survey among German orthopedic and trauma surgeons, the
Ankle Joint App (Sprunggelenks-App, Mediploy GmbH,
Langenfeld, Germany) was shown to be frequently chosen,
although the medical usage rate was still very low at 2.3% [17].
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Studies investigating mHealth-based diagnostics [18] or
rehabilitation programs after lateral ankle sprains already exist,
for example, in the Netherlands (app: Strengthen your Ankle)
[19], where a positive influence on medical and economic
aspects could be demonstrated [20-22]. To date, the application
of posttraumatic mHealth solutions after ankle sprains has not
been investigated in Germany.

Objective
To address this gap, this work outlines the methodology to
develop and design an app for patient education as well as
prevention and identification of CAI after ankle sprains (Ankle
Joint App). The publication of an app development process
might be the basis for future mHealth solutions to improve
patient care.
The app’s content, usability, and styling were evaluated by
German orthopedic or trauma surgeons and athletes who
suffered from ankle sprain.

Methods
Development Protocol
Basic App Conception
A multidisciplinary team was involved in the development of
the ankle joint app. The team members comprised 2 orthopedic
and trauma surgeons (FD and SB), a physiotherapist, a lawyer,
and a software and Web developer. Before programming the
app, some general aspects regarding the software structure,
design, and content had to be considered. At an early stage, the
target group and the intended purpose needed to be defined
precisely to clarify whether the app had to be defined as a
medical device and therefore had to be regulated by medical
products law [23].

Technical Specifications
The ankle joint app was developed using React Native
(Facebook Inc) technology. React Native is a Javascript-based
framework for software developers, building cross-platform
mobile apps for Android or iOS devices. The framework features
built-in components and application programming interfaces,
which are essential for developing innovative and user-friendly
mobile apps [24].
The backend server runs on a Web app based on the Hypertext
Preprocessor framework Symfony and meets actual software
security guidelines. Any data exchange between the backend
server and the app runs via Secure Sockets Layer secured
connection. All server structures are located in Germany.
Patient-related data remain strictly on the mobile device.

Texts and Videos
The ankle joint app is based on the latest national guidelines
published by the German Orthopedic Foot and Ankle Society
(DAF) and related medical literature. The content is written in
German. All relevant references are stored in the app and are
hyperlinked to the primary source to facilitate search for the
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user. Special efforts have been made to ensure that the
information communicated is short, clear, and easy to
understand. To explain medical terms comprehensibly, a
glossary function has been integrated to avoid overloaded main
text pages. By answering frequently asked questions, personal
data are collected and made available to the user at some key
points. Thus, the content adapts to the individual healing process
constantly.
With the cooperation of a physiotherapist and considering the
current research data, a training program was created, which
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can be carried out without special equipment. In addition to
giving some general information, for example, the PRICE-rule
(P=protection, R=rest, I=ice, C=compression, and E=elevation)
or the activation of the muscle-vein pump in the acute stage,
patients are also provided with short video clips in the later
stages (Figure 1). A total of 15 successive built-up exercises
were made available to patients via the app. A special focus in
this training circle was placed on early functional mobilization
and proprioceptive training to prevent CAI.

Figure 1. App screen view: (a) timeline-based aftercare plan, (b) information, and (c) training videos.

Patient-Generated Data and Log Function
Initially, to start the timeline, the timepoint of the injury has to
be defined. In addition, the user is asked to evaluate whether it
was the first or the second event of an ankle sprain. Moreover,
the kind of trauma and prescribed aids are requested. At regular
intervals, patients are asked questions via push messages about
their current level of pain, using the visual analog scale; feeling
of instability; and load-bearing capacity. The collected
patient-related data are presented to the patient in an
understandable graphical form in the diary function (Figure 2).
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German Cumberland Ankle
The Cumberland Ankle Instability Tool (CAIT) was developed
for measuring the severity of functional ankle instability [25].
Using a well-established 9-item 30-point scale, the CAIT shows
an adequate correlation to performance tests. It is a valid and
reliable instrument for assessing CAI [26-28]. The minimal
detectable change, as well as the minimal clinical important
difference, lies at ≥3 points [29]. We assessed the status of CAI
using the validated German CAIT in a digital form for the first
time [30,31]. The CAIT was surveyed on day 56 after trauma.
A score of <25 indicates CAI, and the app user is informed that
additional diagnostics are recommended [32].
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Figure 2. App screen view: (a) collection of patient-related data and (b) log function of patient-related data.

Styling, Design, and Testing
Special attention was paid to the development of an intuitive
and user-friendly interface. To allow elderly patients to use the
app, an onboarding feature was established to explain the main
functions and interactions. Milestones in rehabilitation were
presented graphically in a timeline to ensure clarity for patients
about the progress of their rehabilitation. Information regarding
the rehabilitation process was structured logically and linked
to icons with a recognition factor.
After the app had been developed, an alpha test was carried out
by the development team using the software TestFlight (Apple
Inc). The following beta test was performed on persons who
had already undergone an ankle distortion trauma. Some
technical, content-related, and interactional improvements were
made as a consequence to the test feedback under controlled
conditions.

App Quality Testing
Study Design and Sample
The app was evaluated by 20 German orthopedic and trauma
surgeons with a special interest in foot and ankle surgery as
well as 20 athletes. All the physicians and athletes included
were familiar with smartphone devices and used apps on a daily
basis. The involved athletes already sustained an acute ankle
sprain in their past sporting career. The study was conducted
between June 2019 and August 2019. The link for the digital
questionnaire on a Google Docs (Google LLC) platform was
sent to the participants by email or Quick Response code
scanning. The email addresses of the physicians were generated
manually via the home pages of clinics or via established email
distribution lists. The athletes were screened in local badminton
http://mhealth.jmir.org/2020/2/e16403/
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RenderX

or boxing clubs (FC Langenfeld, VFL Bochum, and Lanna
martial arts Bochum).

German Mobile App Rating Scale
The MARS rating is a well-established assessment scale for
medical app quality. It was developed for professionals, and it
includes the sections classification, objective app quality,
subjective app quality, and a modifiable app-specific section.
MARS items are scored using a 5-point Likert scale
(1=inadequate, 2=poor, 3=acceptable, 4=good, and 5=excellent).
The objective app quality section includes 19 items divided into
4 subscales—engagement, functionality, esthetics, and
information quality—and a separate subjective app quality
section. The subjective app quality section contains four items
evaluating the user’s overall satisfaction.
Calculating the mean scores of the engagement, functionality,
esthetics, and information quality objective subscales, as well
as an overall mean app quality, total score is how the MARS is
scored. Mean scores instead of total scores are used because
items can be rated as not applicable. The subjective quality
items can be scored separately as a mean subjective quality
score [33].
The English MARS version’s sections were extended in the
MARS-G by an additional section focusing on the medical gain
of an app. The 5 subscales and the overall score determine the
app’s quality [34]. All surgeons watched the associated
MARS-G instructional video on how to use the MARS-G scale
before rating in case of doubt [35].

Data Analysis
The analog (user) MARS-G was converted into a digital
questionnaire on a Google Docs platform (Google LLC). Data
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were saved and then transferred into an Excel table (Microsoft
Corp). Descriptive statistics were calculated for all items. The
intraclass correlation coefficient (ICC) was calculated among
the reviewers. We selected an individual absolute agreement
ICC (AA-ICC) for a two-way mixed model on the basis of ICC
guidelines by Shrout and Fleiss [36]. All statistical analyses
were conducted using SPSS (version 25, IBM Corp).

Results
Participants
A total of 20 foot and ankle surgeons as well as 20 athletes who
suffered an ankle sprain took part in the app rating, which is
equivalent to a response rate of 65% (20/31) for the surgeons
and 44% (20/46) for the athletes. Excellent interrater reliabilities
(two-way mixed model AA-ICC=0.92; 95% CI 0.86-0.96 for
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surgeons and athletes) were shown following the guidelines for
ICC interpretation established by Koo et al [37]. The surgeons’
group comprised 20% (4/20) Android and 80% (16/20) iOS
users, and the athletes’ group comprised 59% (10/17) Android
and 41% (7/17) iOS users.

German Mobile App Rating Scale
The mean overall score for the Ankle Joint App was 4.4 (SD
0.5), rated by both surgeons and athletes. It was derived from
the mean scores on app functionality, engagement, esthetics,
and information quality (Figure 3). The mean subjective quality
scores were 3.6 (surgeons: SD 0.7) and 3.8 (athletes: SD 0.5).
The section behavioral change, which included an assessment
of the perceived impacts on disease-related knowledge, attitude,
awareness, and behavior, had mean scores of 4.1 (surgeons: SD
0.7) and 4.3 (athletes: SD 0.7). The medical gain, rated by the
surgeons only, was 3.9 (SD 0.6; Table 1, Figure 3).

Figure 3. Mean scores of the (user) German Mobile App Rating Scale for the Ankle Joint App (surgeons: n=20 and athletes: n=20).
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Table 1. Detailed results of the (user) German Mobile App Rating Scale.
Subscale

MARS-Ga surgeons

uMARS-Gb athletes

Minimum

Maximum

Mean (SD)

Minimum

Maximum

Mean (SD)

Entertainment

3

5

4.4 (0.9)

3

5

4.1 (0.7)

Interest

3

5

4.3 (0.9)

2

5

4.4 (0.9)

Customization

2

5

3.8 (0.8)

2

5

3.6 (0.9)

Interactivity

3

5

4.2 (0.7)

2

5

4.3 (0.9)

Target group

4

5

4.6 (0.5)

4

5

4.6 (0.5)

Performance

4

5

5.0 (0.2)

3

5

4.8 (0.6)

Usability

4

5

4.6 (0.5)

3

5

4.6 (0.6)

Navigation

4

5

4.6 (0.5)

3

5

4.5 (0.7)

Gestural design

4

5

4.5 (0.5)

4

5

4.5 (0.5)

Layout

3

5

4.4 (0.8)

3

5

4.5 (0.6)

Graphics

4

5

4.6 (0.5)

3

5

4.5 (0.6)

Visual appeal

3

5

4.1 (0.7)

3

5

4.3 (0.7)

Accuracy of app description (in app store)

3

5

4.8 (0.5)

—c

—

—

Goals

3

5

4.3 (0.6)

—

—

—

Quality of information

3

5

4.5 (0.8)

4

5

4.7 (0.5)

Quantity of information

4

5

4.8 (0.4)

3

5

4.9 (0.5)

Visual information

4

5

4.3 (0.5)

3

5

4.5 (0.6)

Credibility

3

5

4.0 (0.9)

2

5

3.8 (1.0)

Evidence base

2

5

4.0 (1.1)

—

—

—

Gain for patients

3

5

4.3 (0.8)

—

—

—

Gain for physicians

2

5

3.8 (0.9)

—

—

—

Risks, side and adverse effects

3

5

4.5 (0.6)

—

—

—

Transferability into routine care

2

5

3.3 (1.0)

—

—

—

3

5

4.4 (0.9)

3

5

4.3 (0.7)

How many times do you think you would use
1
this app in the next 12 months if it was relevant
to you?

5

3.2 (1.2)

2

5

3.9 (0.7)

Would you pay for this app?

1

3

2.0 (0.7)

1

3

2.4 (0.8)

What is your overall star rating of the app?

4

5

4.6 (0.5)

3

5

4.6 (0.6)

Awareness

2

5

4.5 (0.8)

3

5

4.6 (0.6)

Knowledge

3

5

4.6 (0.6)

3

5

4.8 (0.6)

Attitudes

2

5

3.7 (0.9)

3

5

4.3 (0.7)

Intention to change

3

5

3.9 (0.8)

4

5

4.4 (0.5)

Help seeking

2

5

4.1 (1.0)

2

5

3.8 (1.0)

Engagement

Functionality

Esthetics

Information

Medical gain

Subjective quality
Would you recommend this app to people who
might benefit from it?

Behavior
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Subscale

Behavior change
a

Dittrich et al
MARS-Ga surgeons

uMARS-Gb athletes

Minimum

Maximum

Mean (SD)

Minimum

Maximum

Mean (SD)

2

5

4.0 (0.9)

3

5

4.3 (0.8)

MARS-G: German Mobile App Rating Scale.

b

uMARS-G: (user) German Mobile App Rating Scale.

c

Not applicable.

Discussion
Principal Findings
Our research using the Ankle Joint App demonstrates that
mHealth-based rehabilitation programs might be an adequate
and innovative tool for patient education, prevention, and
collection of personal data.
The achieved (user) MARS-G scores prove the app’s quality
from a professional and user point of view, demonstrating a
comparatively high overall mean (user) MARS-G value [33].
The highest scores were reached in the functionality section for
both surgeons and athletes. In accordance with a recent survey
among orthopedic and trauma surgeons, intuitive usability was
considered the most important factor for the regular use and
quality of an app. The integration of complex functions in an
intuitive lean and secure user interface poses a great challenge
to the development team. Moreover, the development of an
intuitive frontend is complex and involves high development
costs and test phases [38]. Multifunctional apps, for example,
in the field of diabetes mellitus type II therapy for patients over
50 years showed limited usability with negative effects on
compliance and therapy outcomes. Apps with basic functions
provide enhanced usability [39], but the limitation of software
features affects the app’s functionality. To address this
divergence, trial runs with specific target groups and permanent
reevaluation of the initial concept are mandatory during the
app’s development process.
As a first step, when developing an app, the target group and
the intended purpose have to be defined precisely. The Ankle
Joint App was especially designed for young and active patients
to optimize conservative rehabilitation following an acute ankle
sprain without osseous lesions. With respect to this, the
differences in evaluating the medical gain for physicians and
patients, with individual requirements in their rehabilitation
episode [40], can be explained.
Customization seems to be important to the target group and
might be improved in our app. We believe that medical apps
have to be adaptable not only to the specific users’ requirements
but also to the varying hospital standards. The aspects to be
considered in the development of medical apps are the limited
areas of application in combination with varying standards of
treatment, both national and international, and the legal and
medical aspects of an app with regard to liability and data
protection [21]. These aspects represent a challenge for financing
the complex development and maintenance of an app, as the 10
most popular apps ranked by the number of users in Germany
in 2018 were all available for free download [41].
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Considering recent data scandals, which led to a fundamental
distrust of apps that might be implemented in the context of Big
Data, the secure and transparent collection of medical personal
data can be challenging [42,43]. For this reason, we decided to
store personal data exclusively on the mobile device to avoid
cloud upload. In general, dichotomous scenarios about data
exchange between patients and medical staff are possible. The
recovery progress could be displayed analogously on the
patient’s smartphone in the event of a doctor’s appointment (eg,
CAIT). Alternatively, an upload of data into a secure cloud
system can be taken into consideration [44]. In the event of
deviations from the expected progression of the disease, patients
could be informed about and provided with medical expertise
more rapidly. Moreover, the collection of validated scores and
surveys might be relevant for academic research.
In contrast to these positive effects, app users and providers
(physicians and medical staff) should keep in mind that the
collection and processing of personal data also represent
cornerstones of app financing. This could lead to potential
conflicts of interest as the collected data represent an immense
value, for example, for the provision of personalized advertising
[45]. Before downloading an app, the financing, development
process, and data flow have to be completely and plausibly
depicted by the publisher. Therefore, transparent and appropriate
app store descriptions, data protection regulations, and terms
and conditions of use are of utmost importance [46].
This study has some limitations. The evaluation of the app’s
quality was carried out within a theoretical framework; thus, it
only reflects its use to a limited extent in daily clinical practice.
It has to be mentioned that the app was only evaluated by a
relatively small number of users (patients) for a short period of
3 months. Thus, data on compliance, demographics, and usage
behavior are hardly representative. Moreover, the economic
aspects of the development process and app costs per user were
not taken into account. In addition, the response rate was
moderate, which might lead to a bias toward users with high
digital affinity. Comparative randomized control trial studies
are required to gain funded evidence on the app’s positive effects
on patient education and treatment progress in comparison with
established nondigital therapy paths to prevent CAI and reach
a final scientific conclusion; this has to be addressed by future
studies.
Nowadays, in many countries, an increasing number of patients
visiting emergency units with minor complaints can be
registered. Often, the treatment of these patients is time and
staff consuming, compromising the medical attention of more
severely injured individuals. This overcrowding may lead to
negative consequences to the patients’ safety and their outcome
[47-49]. Given the increasing workload, physicians are
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dissatisfied with highly time-consuming procedures, for
example, electronic patient recording in the emergency
department [50,51]. Apps might be used by the emergency staff
to easily create and recommend digitally customized aftercare
plans.
Moreover, the established discharge letter contains medical
terminology, which offers very little benefit to a self-determined,
competent patient. This practice does not meet the requirements
of adequate patient involvement in the treatment process [52].
Improving patient education and optimizing the communication
structures via apps on mobile devices have the potential to solve
these issues. Individually designed and supervised aftercare
treatments showed better outcomes [53]. The Ankle Joint App
has a modular design and might be transferred to a wide range
of aftercare treatments.
In contrast to the great potential of standardized medical app
usage, there are also risks. However, medical resources and
health care have to be distributed equally for everyone on the
basis of moral and ethical obligations. This is why medical app
usage also entails a particular risk of disadvantaging groups
with low health competence and a high risk of disease [39]. In
particular, the elderly patient might be disadvantaged by the
use of medical apps, because in 2014, only about 17% of the

Dittrich et al
individuals over 65 years regularly used a smartphone [54]. As
degenerative diseases represent an important pillar of orthopedic
and trauma surgery expertise, special attention has to be paid
on the app development for these newcomers and their
requirements in the future. Particularly in the area of app
usability, the requirements of elder generations have to be
addressed, for example, implementing an intuitive interface, a
reading function, or a screen magnifier [55]. Self-endangerment
because of incorrect app usage might occur, but the risk can be
reduced by an onboarding function with an introduction of the
app to new users and individual feedback mechanisms [56].

Conclusions
Working in a multidisciplinary team, using a backend structure
to modify the app’s content and using React Native, proved to
be efficient in the development process of medical apps. The
success was proven by reaching high overall mean MARS-G
scores for the Ankle Joint App in surgeons and athletes. Data
obtained suggest that an mHealth-based rehabilitation program
might be a useful tool for patient education and collection of
personal data. The achieved (user) MARS-G scores prove the
tested app’s high quality. Medical app development with an a
priori defined target group and a precisely intended purpose, in
a multidisciplinary team, is highly promising.
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Abstract
Background: There are numerous mobile apps for tracking work hours, but only a few of them record work hours automatically
instead of relying on manual logging. No apps have been customized for medical staff, whose work schedules are highly complicated
as they have both regular hours and on-call duties.
Objective: The specific aims of this study were to (1) identify the Staff Hours app users’ GPS-defined work hours, (2) examine
the overtime work hours from the app-recorded total work hours and the participants’ self-reported scheduled work hours, and
(3) compare these app-recorded total work hours among different occupations.
Methods: We developed an app, Staff Hours, to automatically calculate a user’s work hours via GPS background data. Users
can enter their scheduled hours, including regular hours and on-call duties. The app automatically generates overtime reports by
comparing the app-recorded total work hours with the user-defined scheduled hours. A total of 183 volunteers (60 females and
123 males; mean age 32.98 years, SD 6.74) were included in this study. Most of the participants (162/183, 88.5%) were medical
staff, and their positions were resident physicians (n=89), visiting staff (n=38), medical students (n=10), registered nurses (n=25),
and non–health care professionals (non-HCPs; n=21).
Results: The total work hours (mean 55.69 hours, SD 21.34) of the 183 participants were significantly higher than their scheduled
work hours (mean 50.67 hours, SD 21.44; P=.01). Medical staff had significantly longer total work hours (mean 57.01 hours,
SD 21.20) than non-HCPs (mean 45.48 hours, SD 20.08; P=.02). Residents (mean 60.38 hours, SD 18.67) had significantly longer
work hours than visiting staff (mean 51.42 hours, SD 20.33; P=.03) and non-HCPs (mean 45.48 hours, SD 20.08; P=.004).
Conclusions: Staff Hours is the first automatic GPS location–based app designed for medical staff to track work hours and
calculate overtime. For medical staff, this app could keep complete and accurate records of work hours in real time, reduce bias,
and allow for better complying with labor regulations.
(JMIR Mhealth Uhealth 2020;8(2):e16063) doi:10.2196/16063
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smartphone; mobile apps; medical staff; global positioning system; shift work schedule
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Introduction
Background
Long work hours and shift work increase the risk of both
physiological and psychological distress [1-6], including
cardiovascular disease [7] and depressive symptoms [8]. Medical
staff, especially trainee physicians, work for a large number of
hours per week and have a heavy workload. Systematic reviews
have reported that such long working shifts and erratic schedules
result in numerous adverse consequences in patient care [9]. In
2003, the Accreditation Council for Graduate Medical Education
implemented the first work-hour restriction policy for all
physicians in training in the United States, limiting resident
physicians’ workweeks to 80 hours and shifts to 30 hours [10].
In Taiwan, similar policies by the Ministry of Health and
Welfare limited workweeks to 88 hours in 2013 [11]. However,
surveying medical interns’ compliance with the 2003 work-hour
limits in the United States using a traditional assessment took
2 years; the resulting national survey was published in 2006
[10]. In addition, these self-reports do not reflect the fluctuations
of work hours in real time, especially for medical staff with
frequent on-call duties.

Prior Work
Nowadays, smartphones offer us an objective and ecological
source of measurement that continuously and passively collects
data [12]. These reliable, quantitative data could facilitate
real-time policy evaluation and target resources to those with
the greatest need for them, even in remote and inaccessible
regions. As of July 2019, the Google Play Store and iPhone
Operating System (iOS) App Store had about 500 mobile apps
dealing with the tracking of work hours [13]. However, most
of those apps require manual entries or active clocking in and
out. Fewer than 20 of those apps are capable of automatic
timekeeping using various technologies such as GPS geofencing
or Wi-Fi detections. Furthermore, medical personnel’s work
hours could not be identified solely by GPS geofencing
technology. Physicians often have several on-call duties every
month. During their on-call duty, physicians have to be
physically present at the hospital or be on-call at home. In
addition, some medical staff practice in more than 1 institution,
and these patterns of work hours could not be identified by a
simple GPS geofencing algorithm.

Goal of This Study
We herein report the design of the app Staff Hours, which
automatically calculates users’ work hours through GPS data.
Automatic recording of exact working hours is highly beneficial
for people with erratic work schedules. This GPS-based
work-hours recorder would not need users to precisely log their
work hours by manual input or clocking in and out. The specific
aims of this study were to (1) identify the app users’
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GPS-defined work hours, (2) examine the overtime work hours
from the app-recorded total work hours and the participants’
self-reported scheduled work hours, and (3) compare these
app-recorded total work hours among different occupations.

Methods
Participants
We collected data on 183 office workers from July 30, 2018,
to August 25, 2019, using the Staff Hours database. All
participants were volunteers interested in their work hours, and
workers who lived within a 1-km radius from their workplaces
were excluded from this study. Of these participants, 123 were
males and 60 were females, and their mean age was 32.98 (SD
6.74) years. Most of the participants (162/183, 88.5%) were
medical staff, and their positions were resident physicians
(n=89), visiting staff (n=38), medical students (n=10), registered
nurses (n=25), and non–health care professionals (non-HCPs;
n=21). All clinical investigations were conducted according to
the principles expressed in the Declaration of Helsinki.

Design of the Staff Hours App
Staff Hours is a mobile app designed to record work hours
automatically using the technology of geofencing. As medical
staff, along with most office workers, work at fixed locations,
geolocation data are valid indicators of whether one is at work.
On the basis of this principle, we developed algorithms to log
the exact work hours from GPS data; these hours are called
GPS-defined work hours. Furthermore, this app can perform
overtime calculations by comparing the regular work schedule
defined by the user and the corresponding GPS results.
Staff Hours, which was designed and developed by our team,
is now available exclusively in Taiwan through the iOS App
Store and the Google Play Store. The app runs in the background
and records GPS information every 10 min with low power
consumption. For iOS users, the app should be kept in use to
function correctly, either in the foreground or background.

Algorithm for GPS-Defined Work Hours
Upon installation, users would be asked to fill in the addresses
of their workplaces; the app can track up to 5 locations
simultaneously. Figure 1 illustrates how the app scans at 10-min
intervals to detect whether the user’s GPS coordinates are within
a 1-km radius centered on either of the workplaces. When a
user has been at the workplace for 30 min, the app automatically
starts recording the work hours, counting from the time that the
user’s first location data within the range were received.
Likewise, when a user leaves the neighborhood of the office
for 30 min, the app considers the user to have gotten off work
since the time that the first location data outside the range are
collected.
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Figure 1. The recording process of GPS-defined work hours. For GPS raw data, the time interval between each dot is 10 min. If the coordinates captured
are within the range, the dot is marked as solid; hollow if otherwise.

Integration of Work Periods
For any period in which a user is outside the GPS-detection
range (considered not at work), if less than 8 hours, the app
automatically integrates it with the former and the latter working
periods, thus extending the GPS-defined work hours. In this

context, when the user moves between the 5 or fewer recorded
workplaces, or when the user leaves the current workplace but
comes back later, the user is still considered at work for the
whole time. The GPS-defined work hours would not be
discontinued or interrupted in this case (Figures 1 and 2).

Figure 2. All types of work hours. (A) The regular work hours and overtime. (B) The on-call duty on a weekday and overtime. (C) The on-call duty
on a weekend.

In the example in Figure 1, the user walks into and leaves the
1-km radius range of hospital A at 9 am and 10 am, respectively.
First, 4 consecutive solid dots are collected at 9:30 am; so, the
app records that the user has started working since 9 am. When
4 consecutive hollow dots are later collected at 10:30 am, the
recording ends, resulting in a GPS-defined working period from
9 am to 10 am. Similar procedures are done as the user moves
to work in hospital B; the generated GPS-defined working period
in hospital B is from 11 am to 12 pm. Second, the app
http://mhealth.jmir.org/2020/2/e16063/
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automatically integrates the detached GPS-defined working
periods if the interval between them is less than 8 hours. As the
gap between the working periods of hospitals A and B is only
1 hour (10:00-11:00), the app integrates them. Finally, the app
logs the GPS-defined work hours as 3 hours (9:00-12:00).

Calculating Work Hours
Although the app counts GPS-defined work hours, users can
also input their work schedules. The user-defined scheduled
work hours include regular work hours and on-call duty hours
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(Figure 2). For regular work hours, users should set a fixed
starting and finishing time of work for weekdays upon
installation; for on-call hours, users should input the dates in a
month on which they have on-call duties (Figure 3). The app
offers 2 selections for on-call duty hours, in line with the
standard policies of the hospitals in Taiwan. Medical staff with
first-line on-call duty are obligated to stay in the hospital
overnight to care for patients and respond to any situations.

Chiang et al
Others with second-line on-call duty are on standby, that is,
they are not required to be on site but should be prepared to
take phone calls anytime and return to the hospital if needed.
For weekdays, we define on-call duty hours as the time from
getting off regular work to that of starting regular work on the
next day. On weekends, the staff should be on-call for 24 hours,
beginning from the time of starting regular work.

Figure 3. Screenshots of app user interface. (A) The on-call dates settings. (B) The work-hour statistics and charts.

The app automatically calculates the total work hours for users
based on the following principles. During regular work time,
the user’s total work hours are equal to the GPS-defined work
hours with the integration algorithm, regardless of the regular
work schedule. This is because one’s actual positioning data
dominate the fixed work schedule. However, when it comes to
on-call duties, the on-call hours have precedence over the
GPS-defined hours because sometimes the staff is not obliged
to be physically present within the range of the workplaces
when working. In addition to the total work hours, this app also
outputs the overtime work hours according to the following
formula: overtime work hours=total work hours−scheduled
work hours. The result can be a negative value, which would
indicate that the exact working time was less than the scheduled
working time (Figure 2).
The example in Figure 2 demonstrates how total and overtime
work hours were calculated from the user’s work schedule and
the recorded GPS data. The user set 8 am to 6 pm to be regular
work hours (10 hours) from Monday to Friday. Thus, on-call
duty hours on the picked dates should be from 6 pm to 8 am
(+1) for weekdays (14 hours) and from 8 am to 8 am (+1) for
weekends (24 hours). On June 23, the user worked for a total
of 13 hours according to the integrated GPS-defined work hours
despite a short break at noon. The period from 6 pm to 9 pm
was regarded as overtime as it was beyond the scheduled regular
hours. On June 24, the user had first-line on-call duty. Although
absent from workplace from 6 pm to 0 am (+1), the whole period
of 14 hours was still included in total work hours as the on-call
duty hours took precedence over the actual hours detected at
http://mhealth.jmir.org/2020/2/e16063/
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workplaces. As for Saturday, June 25, the user did not have
regular work; so, it was considered overtime from 8 am to 12
pm. On Sunday, June 26, the user had second-line on-call duty
lasting 24 hours and then continued with Monday’s regular
work for another 10 hours. Hence, the total work hours were
the sum of the 2 listed above, which equaled to 34 hours.
The users can check their total work hours, overtime work hours,
and scheduled work hours for the past 7 days on the app. For
higher accuracy and better flexibility, the app allows users to
adjust their actual work hours within 7 days. In the example in
Figure 3, the user had 8.1 hours of overtime in the past 7 days
as it was the difference between the total work hours (88.1
hours) and scheduled work hours (80 hours). A visualization
of a 28-day bar chart shows the staff’s total work hours, with
yellow and green representing GPS-defined work hours and
on-call hours, respectively. They can also share visualized data
of their weekly or monthly average work hours on their
Facebook page.

Validation of App-Recorded Total Work Hours
We recruited 5 medical doctors and interviewed them regarding
their work hours for the past 7 days to examine the accuracy of
these (n=5×7=35) app-recorded total work hours by Staff Hours.
This structural interview detailed the users’ on-call duties,
regular work hours, and overtime work hours for each day.
These self-reported total work hours excluded the trainee
physicians’ educational activities. Therefore, we used these
self-reported total work hours as the putative gold standard to
validate the app-recorded total work hours. The sensitivity was
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16063 | p.340
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94.6% (242.7/256.6) and the specificity was 93.9%
(547.6/583.4) for the app-recorded total work hours. There was
a high correlation between the app-recorded total work hours
and the self-reported counterparts (r=0.923; P<.001).

statistically significant. Data arrangement and statistical analysis
were performed using R software (version 3.5.3).

Statistical Analysis

Overview

A paired t test was used to compare the differences between the
total work hours and the scheduled work hours. One-way
analysis of variance was used to compare the differences in total
work hours among all 5 categories of workers (ie, medical
students, visiting staff, resident physicians, registered nurses,
and non-HCPs). Fisher least significant difference (LSD) was
used for further post hoc tests. In addition, we used independent
t tests to examine the differences in the total work hours between
the medical staff (ie, medical students, visiting staff, resident
physicians, and registered nurses) and non-HCPs. All statistical
analyses were 2-tailed, and P<.05 was considered to be

The app-recorded total work hours (mean 55.69 hours, SD
21.34) of all the 183 participants were significantly higher than
the self-reported scheduled work hours (mean 50.67 hours, SD
21.44; t182=2.61; P=.01). All participants showed an average
of 4.78 hours (SD 26.12) overtime work per week (ie, total work
hours−scheduled work hours). Table 1 demonstrates that resident
physicians had a significant positive overtime (mean 7.95 hours,
SD 24.25), that is, the residents’ total work hours were
significantly higher than the scheduled work hours (t88=3.14;
P=.002).

Results

Table 1. Total work hours and scheduled work hours among 5 occupations.
Occupation

Total work hours per week, mean (SD)

Scheduled work hours per week, mean (SD)

Resident physicians

60.38 (18.67)

52.31 (19.97)

Registered nurses

56.72 (28.80)

56.89 (30.88)

Visiting staff

51.42 (20.33)

44.46 (17.43)

Medical students

49.03 (20.06)

45.95 (13.79)

Non-HCPs

45.48 (20.08)

49.83 (22.17)

Table 1 also shows the comparisons of total work hours and
scheduled work hours among the 5 categories. There were
significant differences among the 5 categories on total work
hours (F4,183=3.047; P=.02). Post hoc comparisons using LSD
tests further revealed that the resident physicians had
significantly longer total work hours (mean 60.38 hours, SD
18.67) than the visiting staff (mean 51.42 hours, SD 20.33;
P=.03) and non-HCPs (mean 45.48 hours, SD 20.08; P=.004).
In addition, medical staff (ie, resident physicians, registered
nurses, visiting staff, and medical students) had significantly
longer total work hours (mean 57.01 hours, SD 21.20) than
non-HCPs (mean 45.48 hours, SD 20.08; P=.02).

Discussion
Principal Findings
Our findings showed that medical staff had longer work hours
than non-HCPs, and resident physicians worked for longer hours
than visiting staff in hospitals. These findings are consistent
with previous reports that showed that resident physicians
typically work the greatest number of hours per week among
all positions in hospitals [14]. Similarly, it is feasible to compare
work hours among different hospitals, departments, or divisions
using aggregate data collected from the Staff Hours’ database.
In this way, we can find out the hot spots where office workers
have the longest total work hours or overtime. From September
2019, the Labor Standards Act in Taiwan will include
regulations on the working hours for resident physicians. With
the implementation of government policy, Staff Hours can serve
as a real-time monitor for compliance with these work-hour
limits. The app might also be useful in labor negotiations,
http://mhealth.jmir.org/2020/2/e16063/
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balancing the unequal information between employers and
employees. Although employers hold official records on work
hours, the automatically recorded data in mobile apps provide
evidence for employees when they claim overtime pay. In this
study, each occupational group comprised greater than or equal
to 10 people, which strengthens user privacy. Further analysis
of the comparisons among different clusters should take
individual privacy into account and make sure that there are not
less than 10 people in each group.
The algorithms behind Staff Hours include not only the
location-based work hours recording but also several critical
designs for a better user experience. First, detached working
periods are linked back together in the GPS-defined work hours
because of the unique duty-based characteristics of health care
work. Take a physician at an academic hospital as an example.
She may have to leave the hospital for lectures on the university
campus or walk a couple of blocks in the neighborhood to grab
lunch in the middle of the scheduled working time. If the
physician comes back to the hospital in less than 8 hours, the
app still records the period that she is absent from the GPS range
of the hospital as GPS-defined work hours. Second, the update
interval of GPS location data in this app is set to be 10 min to
improve battery performances; this is much longer than the
geofencing responsiveness interval of approximately 2 min in
the background location limits introduced in Android 8.0
(Application Program Interface level 26) to reduce undesired
battery drain [15]. Third, users can adjust the work-hour logs
manually only within 7 days. This restriction was established
to avoid recall bias, increasing the accuracy of records [16].
Another associated advantage is that it may assure data integrity
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and prevent future problems of data fraud, which would be
crucial in labor inspections.
In addition, this app performs functions that specifically target
medical staff, such as automatic calculations of overtime and
on-call duty hours. Our findings demonstrated that all the
participants on average worked 4.78 more hours per week than
scheduled. The lengthy overtime may be from a selection bias
in our participants, most of whom (89/183, 48.6%) were resident
physicians whose total work hours were always higher than
they should be. However, we observed that the scheduled ones
were shorter than expected because few residents (58/89, 65%)
logged their on-call dates in the system, which might result in
an underestimation of the scheduled work hours. Moreover, this
app could not differentiate the activities of working and learning
in the institution for residents and medical students, which might
result in an overestimation of total work hours. Together, they
may lead to an overestimation of overtime and thus, we observed
significant differences between the total and scheduled work
hours in this study. Unsure of the validity of the scheduled and
overtime work-hours data, we analyzed only the total work
hours of the various occupations.

Limitations
Several methodological limitations should be noted when
interpreting our findings. First, users who live within a 1-km
geofencing radius from their workplaces are limited to using
the algorithm of GPS-defined work hours. Furthermore,
inaccuracies in GPS location tracking may occur when users
work at smaller companies or clinics as the app transforms
workplace addresses into latitudes and longitudes. Second, if
only a few medical staff log their on-call duties in the app, the
produced average overtime hours could be higher than the actual
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overtime hours. Third, the app could not identify breaks within
the geofencing range, which might result in an overestimation
of total work hours. Finally, there may be a selection bias in the
participants as medical staff or other users with longer work
hours may have a higher tendency to install Staff Hours.

Comparison With Prior Work
Staff Hours is the first app designed specifically for medical
staff, with built-in functions for tracking on-call duties in
hospitals. To the best of our knowledge, no prior study has
enabled medical staff to use their personal smartphones, either
Apple or Android models, to monitor their work hours
automatically. The high accuracy of GPS-defined work-hours
data without manual input and the integration between multiple
work locations show the app’s ease of use. Moreover, Staff
Hours is the first app to perform comparisons on work hours
among different categories of medical staff and also between
medical staff and other occupations. For staff having excessive
work hours, this app could serve as a smoke alarm, providing
early signals of overwork or occupational burnout. We designed
this app focusing on medical staff’s work-hour patterns as they
may have the most complicated work-hour patterns, including
frequent on-call duties and multiple workplaces. The
power-saving GPS data collection with optimal sampling rate
and work periods integration in our algorithm overcame these
challenges.

Conclusions
Staff Hours is the first automatic GPS location–based app
designed for medical staff to track work hours and calculate
overtime. For medical staff, this app could keep complete and
accurate records of work hours in real time, reduce bias, and
allow for better complying with labor regulations.
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Abstract
Background: To enhance the efficacy of information and communication, health care has increasingly turned to digitalization.
Electronic health (eHealth) is an important factor that influences the use and receipt of benefits from Web-based health resources.
Consequently, the concept of eHealth literacy has emerged, and in 2006 Norman and Skinner developed an 8-item self-report
instrument to measure these skills: the eHealth Literacy Scale (eHEALS). However, the eHEALS has not been tested for reliability
and validity in the general Swedish population and no threshold values have been established.
Objective: The aim of this study was to translate and adapt eHEALS into a Swedish version; evaluate convergent validity and
psychometric properties; and determine threshold levels for inadequate, problematic, and sufficient eHealth literacy.
Methods: Prospective psychometric evaluation study included 323 participants equally distributed between sexes with a mean
age of 49 years recruited from 12 different arenas.
Results: There were some difficulties translating the English concept health resources. This resulted in this concept being
translated as health information (ie, Hälsoinformation in Swedish). The eHEALS total score was 29.3 (SD 6.2), Cronbach alpha
.94, Spearman-Brown coefficient .96, and response rate 94.6%. All a priori hypotheses were confirmed, supporting convergent
validity. The test-retest reliability indicated an almost perfect agreement, .86 (P<.001). An exploratory factor analysis found one
component explaining 64% of the total variance. No floor or ceiling effect was noted. Thresholds levels were set at 8 to 20 =
inadequate, 21 to 26 = problematic, and 27 to 40 = sufficient, and there were no significant differences in distribution of the three
levels between the Swedish version of eHEALS and the HLS-EU-Q16.
Conclusions: The Swedish version of eHEALS was assessed as being unidimensional with high internal consistency of the
instrument, making the reliability adequate. Adapted threshold levels for inadequate, problematic, and sufficient levels of eHealth
literacy seem to be relevant. However, there are some linguistic issues relating to the concept of health resources.
(JMIR Mhealth Uhealth 2020;8(2):e16316) doi:10.2196/16316
KEYWORDS
eHealth; literacy; internet; psychometrics
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Introduction

scores on the eHEALS range from 8 to 40, with higher scores
representing higher self-perceived eHealth literacy [10].

Globally, the internet is an important resource for health-related
information and health services, which requires a range of digital
skills among users and also new ways of describing and
evaluating users’ digital capabilities and experience in this
rapidly changing health context [1]. The use of the internet in
Sweden has steadily increased in recent years, and currently
about 95% of all households have internet access. Internet access
has increased the most in the elderly population, and in people
aged 76 years and older, 87% have internet access at home. Of
those, 49% use the internet to seek health-related information,
compared with 96% of persons aged 26 to 45 years, 90% to
95% of persons aged 46 to 65 years, and 76% of persons aged
66 to 75 years [2]. In the present health care system, people are
expected to participate and be engaged in their own care; they
must be able to understand health instructions regarding how
to manage their care (ie, health literacy) [3-5]. Traditional health
literacy refers to an individual’s ability to use printed
information. However, with the increasing digitalization of
information and services, the modern health care system must
be aware of the health literacy levels of its patients in cyber
space in order to maximize the benefits of electronic health
(eHealth) technologies, challenging for both patients and health
care staff [6].

The eHEALS is available in a range of languages [9,10,18-23],
and the English version has been successfully administered via
telephone [24]. Psychometric testing of eHEALS indicates that
it is a reliable and valid instrument [10,23,25-27] but also that
its validity requires further investigation [9]. However, there
are no threshold levels for eHEALS, and eHEALS has not been
tested for validity in the general Swedish population. Thus, the
aim of our research was to translate and adapt the eHEALS into
a Swedish version; evaluate convergent validity and
psychometric properties; and determine threshold levels for
inadequate, problematic, and sufficient eHealth literacy.

The internet is significantly impacting health and health care,
and it has the potential to advance health care delivery and
support decision-making [1,7]. Thus, internet-enabled health
care is a strategic priority globally. EHealth is an important
factor that influences the use and receipt of benefits from
Web-based health resources [1,8]. Consequently, the concept
of eHealth literacy has emerged [1,9,10] and has been described
as “the ability to seek, find, understand, and appraise health
information from electronic sources and apply the knowledge
gained to addressing or solving a health problem” [10].
Because eHealth literacy is a more recent construct than health
literacy, it is hard to find studies that have been published
regarding its association with health outcomes [11]. However,
limited health literacy has been found to affect a person’s quality
of care, resulting in lower satisfaction with care and a lower
understanding of their medical situation [12,13]. This increases,
for example, the probability of an adverse medication reaction
because of misunderstanding the instructions [12,14]. Health
literacy is also associated with the extent to which people benefit
from health examinations [15], the quality of their postoperative
recovery [16], and even mortality [11].
In a systematic review of questionnaires measuring eHealth
literacy, 8 questionnaires were identified. It is noteworthy that
the eHealth Literacy Scale (eHEALS) questionnaire was used
in 45 of the 53 included articles [17]. eHEALS was developed
in 2006 by Norman and Skinner [10] and aims to measure a
broad range of literacy skills, which could make it useful in
assessing the effects of strategies for delivering online
information and applications. eHEALS is an 8-item instrument
with each item scored on a 5-point Likert scale with response
options ranging from strongly agree to strongly disagree. Total
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Methods
Study Design and Participants
This prospective psychometric evaluation study was conducted
in three phases: translation, content validity testing, and
psychometric evaluation. Data collection for phases 1 and 2
was completed from September 2018 to January 2019 and for
phase 3 from February 2019 to May 2019 [28]. The project was
approved by the Regional Ethical Review Board in Stockholm,
Sweden, (no 2019/5:1) and follows the principles outlined in
the 1964 Helsinki Declaration and its subsequent amendments.
Participants received written and verbal information about the
study, including its purpose and procedures, the voluntary nature
of participation, and their option to withdraw at any time. By
answering the questionnaire, participants consented to taking
part in the study. Participants were also guaranteed
confidentiality and secure data storage.

Phase 1: Translation
Permission to translate and use the eHEALS [10] was obtained
from the creator of the instrument, Cameron D Norman, PhD.
After permission was granted, one professional translator with
Swedish as a native language translated the original English
version of eHEALS into Swedish (ie, the Swedish version of
eHEALS [Sw-eHEALS]). The translator was instructed to use
plain language and that the translation should be comprehensible
to a 12-year-old child. This means that items should be short
and simple and should not contain difficult words or jargon
[29]. Two of the researchers (JW and UN) compared
Sw-eHEALS with the original English version by examining
how well it fit into the Swedish context and checking it for plain
language. The researchers found that the Swedish version
required some minor contextual changes and changes into
simpler language in order to make it easier to understand the
content. The translator stated that translating the English concept
of health resources into Swedish was problematic because the
Swedish concept of Hälsoresurser does not have the same
meaning and the word is not commonly used in Swedish. The
creator was contacted to discuss this, and he stated that there
have been similar problems with the concept when translating
it into other languages. Based on discussions with Dr Norman
and also with four bilingual native English and Swedish
speakers, it was decided to translate health resources as
Hälsoinformation (ie, health information).
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16316 | p.345
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An expert panel including seven Swedish speakers was recruited
to examine the quality of the translation [30]. The panel included
two teachers of Swedish for people with a different mother
tongue, two development managers with expertise in
communication in health care, and three researchers in medicine,
caring sciences, and health literacy. The experts were asked to
comment on spelling, grammar, and whether they thought the
translation had been written in plain language. After reviewing
the experts’ feedback, the two researchers made some linguistic
modifications and the Sw-eHEALS was then backtranslated by
another native English-speaking translator who was blinded to
the original eHEALS version. The backtranslated version and
the original English eHEALS version were then compared by
the translators and the two researchers. The two versions were
found to match in terms of purpose and content.

Phase 2: Face Validity
In order to evaluate the face validity [29,31] of the Sw-eHEALS,
interviews were conducted with six participants recruited
purposively and through snowball sampling [32] by two of the
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researchers (JW and UN) and one research assistant. A mix of
ages, sexes, and educational levels was sought (see demographic
characteristics of the participants in Table 1). Participants
received verbal and written information about the face validity
test and the main study and were instructed to think aloud during
completion of the Sw-eHEAL and highlight any problematic
points. They were also asked to reflect on why they selected
specific responses.
Participants found the items easy to understand and answer and
their verbal answers agreed with their marked answers in the
Sw-eHEALS. There were no signs of misunderstandings.
However, the concept of health information was interpreted
slightly differently, even though the concept is broad. Some
participants reported that the questions were quite similar and
that they could be placed in a different order. They also reported
that the Likert scale could include fewer or different alternatives.
The face validity testing resulted in some minor changes in
wording and confirmed the clarity and comprehensibility of
Sw-eHEALS.

Table 1. Demographics of the content validity test group (n=6).
Variable

Value

Gender
Male

3

Female

3

Age in years
Mean

50

Range

28-78

Educational level
7-9 years

1

10-12 years

2

More than 12 years

3

Country of birth, Sweden

Phase 3: Psychometric Evaluation
Participants and Settings
A study population comprising 300 participants was considered
to be appropriate given that the general rule of thumb for factor
analysis is 300 cases [33]. The inclusion criteria for participation
was being an adult (aged 18 years and older), having Swedish
as a native language, and being available on the day of the data
collection. Participants were recruited from university courses,
craft training, larger workplaces with academic and nonacademic
staff, nongovernmental organizations serving elderly people,
athletic clubs, and two choirs. A total of 12 arenas selected for
diversity in age, sex, and level of education were visited by one
of the researchers (JW).

Study Questionnaires and Additional Questions
The Sw-eHEALS, an additional questionniare, and general and
demographics questions (age, biological sex, education level)
were used. The HLS-EU-Q16 (Health Literacy Survey European
Questionnaire, 16-item) aims to measure comprehensive health
https://mhealth.jmir.org/2020/2/e16316
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literacy (ie, perceived personal skills in finding, understanding,
judging, and applying health information in order to maintain
and improve health) [34]. The HLS-EU-Q16 was used to assess
construct validity. HLS-EU-Q16 items were answered on a
4-point Likert scale ranging from very difficult to very easy.
The total score of the index is summed to range from 0 to 16,
with higher scores representing higher self-perceived
comprehensive levels of health literacy. Score points between
0 to 8 represents inadequate health literacy, 9 to 12 score points
represents problematic comprehensive health literacy, and 13
to 16 score points represents sufficient comprehensive health
literacy [34,35].
One question was asked about general self-perceived health:
“How do you assess your overall health status?” Response
options were very poor, poor, fair, good, and very good
[15,36,37].
Two questions were asked about interest in using the internet.
“How useful is the internet in helping you make decisions about
your health?” Response options to this usability of the internet
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16316 | p.346
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question were not useful at all, not useful, unsure, useful, and
very useful. “How important is it for you to be able to access
health resources on the internet?” Response options to this
importance of the internet question were not important at all,
not important, unsure, important, and very important [10].

Reliability

One question was asked about the frequency of internet use:
“How often do you use the internet?” Response options were
almost every day, several days a week, around one day a week,
less than one day a week, and almost never [9].

•

Internal Consistency
Internal consistency describes the degree of interrelatedness
among items [31]:

•

Data Collection

Exploratory factor analysis with principal axis factoring
was used to identify the underlying relationships between
the items in Sw-eHEALS [29].
Cronbach alpha was calculated for the sum score and each
item to assess the average correlation of items within each
scale.
Split-half reliability was used to measure the correlation
between random split segments and determine how much
error in a test score is due to poor test construction [46].

On the day of the data collection, one of the researchers (JW)
visited the arenas and informed participants verbally and in
writing about the project and the meaning of informed consent.
Those participants who agreed to participate answered the
questionnaire directly. In one of the arenas, however, the
organization manager distributed the written information and
questionnaire instead of the researcher because it was difficult
for all the staff to attend a meeting.

•

For analysis test-retest reliability, some of the participants were
invited to answer the questionnaire twice within one week. A
sample size in the retest of 25 participants was considered
appropriate [38]. However, in order to include participants of
different ages, sex, and education levels, 35 persons were asked
to participate in the test-retest. In order to compare answers
from the test and retest on an individual level and to ensure
anonymity, participants marked their questionnaires with a code
comprising the first three letters of their mother’s name and the
year she was born.

Floor and Ceiling Effects
Floor and ceiling effects (ie, number of respondents who
achieved the lowest or highest possible scores [29]) were
examined. Floor or ceiling effects were considered a problem
if more than 15% of a study population achieved the lowest or
highest possible score [29].

Psychometric Testing
Psychometric testing was guided by the Consensus-Based
Standards for the Selection of Health Measurement Instruments
(COSMIN) [29,31,39].
Feasibility
Feasibility of the instrument was assessed by successful response
rate and missing data from the questionnaires [39].
Construct Validity
Construct validity focuses on evaluating tests of the hypotheses
and can be described as the degree to which scores of an
instrument are consistent with a hypothesis [31]. Based on
previous studies on health literacy showing positive associations
between limited health literacy and high age [3,13,40,41], poor
health [15,16,40,42,43], and low education level [41,44,45],
hypotheses regarding correlations between Sw-eHEALS and
age, level of education, and self-perceived general health were
used. Hypotheses regarding positive correlations between
Sw-eHEALS and interest in and level of internet use [9] were
also used. Furthermore, positive correlations were seen between
Sw-eHEALS and the HLS-EU-Q16 total score and the four
HLS-EU-Q16 items measuring aspects of health literacy in
relation to the internet [28].
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Test-Retest Reliability
Test-retest reliability can be described as the extent to which
scores for the same participants are the same in measurements
repeated over time [31].

Thresholds
The Sw-eHEALS scores were categorized according to the
threshold values for health literacy assessed by the HLS-EU-Q16
[34,47]: inadequate = 0 to 8 (represents 50% of the sum score
for HLS-EU-Q16), problematic = 9 to 12 (represents 25% of
the sum score for HLS-EU-Q16), and sufficient = 13 to 16
(represents 25% of the sum score for HLS-EU-Q16). Adapted
to Sw-eHEALS scores, the thresholds for eHealth literacy are
inadequate = 8 to 20 (represents 50% of the sum score for
Sw-eHEALS), problematic = 21 to 26 (represents 25% of the
sum score for Sw-eHEALS), and sufficient = 27 to 40
(represents 25% of the sum score for Sw-eHEALS).

Statistical Analysis
Data are presented as mean, standard deviation, number,
percentage, or range. Spearman rank was used to analyze the
correlation between the total mean scores on Sw-eHEALS and
HLS-EU-Q16. Self-perceived health, level of education, and
age were also used. A coefficient magnitude of >.40 was
considered evidence of construct validity (ie, moderate to strong
correlations) [39]. Internal consistency was measured using a
Spearman-Brown coefficient with values between .70 to .90
considered acceptable [48,49] and Cronbach alpha with a range
of .70 to .95 considered acceptable [29,46]. Test-retest reliability
was measured using the weighted kappa coefficient, with an
accepted value of ≥.70 [29,50]. The Friedman test was used to
analyze differences between Sw-eHEALS and HLS-EU-Q16
in terms of numbers of patients with inadequate, problematic,
and sufficient health literacy. The chi-square test was used to
analyze differences in sex, Student t test was used to analyze
differences in age, and the Wilcoxon signed-rank test was used
to analyze differences in age, educational levels, general
self-perceived health, and Sw-eHEALS levels between
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participants with the same levels of health literacy on both the
Sw-eHEALS and HLS-EU-Q16 compared with those with
different levels. All data were analyzed using SPSS Statistics
version 24.0 for Windows (IBM Corp). Two-tailed P values
less than .05 were considered significant.

Results
Feasibility
A total of 368 persons were invited to participate, and 348
answered the study questionnaires, giving a response rate of
94.6%; 24 questionnaires were incomplete and were excluded,
resulting in a total of 323 valid questionnaires included in the
analysis (Figure 1). There were no statistically significant
differences regarding sex, age, or highest education level

Wångdahl et al
between the included participants versus those who declined to
participate. Also, no pattern of structural problems in terms of
difficulties in responding to certain items was found.
Sex was equally distributed, and the mean age was 49.2 (SD
21.5) years ranging from 19 to 94 years. Of the total, 90.4%
(292/323) had at least 10 years’ education, and 85.8% (277/323)
perceived their own general health as being good or very good.
The majority (231/323, 71.5%) had sufficient comprehensive
health literacy (HLS-EU-Q16), and the mean sum score of
Sw-eHEALS was 29.3. Most participants reported that they
used the internet almost every day (284/323, 87.9%), that they
thought the internet was useful or very useful (243/323, 75.2%),
and that the internet was important or very important (250/323,
77.4%; Table 2).

Figure 1. Flowchart of the data collection.
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Table 2. Demographics of the respondents with a valid eHEALS sum score (n=323) and the test-retest group (n=35).
Characteristics

All

Test-retest group

Man

160 (50)

21 (60)

Woman

160 (50)

14 (40)

Mean (SD)

49.2 (21.5)

44.4 (12.2)

Range

19-94

26-89

1-6 years

4 (1)

1 (3)

7-9 years

24 (8)

2 (6)

10-12 years

149 (47)

4 (11)

Graduated from university

143 (45)

28 (80)

Very poor

0 (0)

0 (0)

Poor

8 (3)

1 (3)

Fair

38 (12)

1 (1)

Good

197 (61)

25 (71)

Very good

80 (25)

8 (23)

Inadequate

20 (6)

2 (6)

Problematic

72 (22)

4 (12)

Sufficient

231 (72)

27 (82)

Mean (SD)

29.3 (6.2)

31.2 (33.0)

Range

8-40

12-40

Almost never

8 (3)

1 (3)

Less than 1 day a week

1 (0)

0 (0)

Around 1 day a week

8 (3)

1 (3)

Several days a week

22 (7)

2 (6)

Almost every day

284 (88)

31 (89)

Not useful at all

12 (4)

1 (3)

Not useful

12 (4)

2 (6)

Unsure

52 (16)

1 (3)

Useful

171 (54)

17 (49)

More useful

72 (23)

14 (40)

Not important at all

11 (3)

1 (3)

Not important

16 (5)

3 (9)

Unsure

43 (13)

2 (6)

Important

137 (43)

15 (43)

Biological sex, n (%)a

Age in years

Highest education level, n (%)

General self-perceived health, n (%)

HLS-EU-Q16b, n (%)

Sw-eHEALSc

Frequency of internet use, n (%)

Usability of the internet, n (%)

Importance of the internet, n (%)

https://mhealth.jmir.org/2020/2/e16316

XSL• FO
RenderX

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16316 | p.349
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH
Characteristics
Very important
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All

Test-retest group

113 (35)

14 (40)

a

Missing n=3.

b

HLS-EU-Q16: Health Literacy Survey European Questionnaire, 16-item.

c

Sw-eHEALS: eHealth Literacy Scale.

Construct Validity
The Sw-eHEALS sum score was weak and negatively correlated
with age and weak and positively correlated with education
level, self-perceived health, frequency of using the internet, and

two items in the HLS-EU-Q16. Moderate positive correlations
were found with perceptions of the internet as being useful and
important, the HLS-EU-Q16 sum score, and two items on the
HLS-EU-Q16 (Table 3).

Table 3. Spearman rho correlations between the Sw-eHEALS sum score and demographic characteristics, questions, and questionnaires.

a

Variable

Value

P value

Age

–0.30

<.01

Education level

0.23

<.05

Self-perceived health

0.19

<.01

Usability of the internet

0.57

<.05

Importance of the internet

0.47

<.05

Frequency of internet use

0.36

<.05

HLS-EU-Q16a sum score

0.47

<.05

HLS-EU-Q16 item: Finding information about the treatment of illnesses that concern you

0.51

<.05

HLS-EU-Q16 item: Assessing whether information on health risks in the media is reliable

0.49

<.05

HLS-EU-Q16 item: Deciding on how you can protect yourself from illness based on information in the media

0.37

<.05

HLS-EU-Q16 item: Understanding information in the media about how to get healthier

0.38

<.05

HLS-EU-Q16: Health Literacy Survey European Questionnaire, 16-item.

Reliability
Factor analysis showed that the Kayser-Meyer-Olkin measure
of sampling adequacy for the analysis was good (92, P<.001).
The eigenvalue was 5.5 and explained 69% of the total variance,
also reflected in the scree plot, which supported a
unidimensional scale. All items loaded high ranging from .73
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to .86. Cronbach alpha for the sum score of Sw-eHEALS was
.94 and ranged from .92 to .93 for the individual items. The
Spearman-Brown coefficient for the sum score of Sw-eHEALS
was .96. Weighted Cohen kappa coefficient was acceptable for
the sum score (.86, P<.001) and ranged from .64 to .79 (P<.001)
for the individual items (Table 4).
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Table 4. Reliability testing: exploratory factor analysis, Cronbach alpha, Spearman-Brown coefficient, and weighted quadratic Cohen kappa for the
Swedish version of the eHealth Literacy Scale sum score or individual items.

a

Variable

Exploratory factor
analysis

Cronbach alpha Spearman-Brown
coefficient

Weighted quadratic
Cohen kappa

Sw-eHEALSa total score

—

.94

.96

.86

Item 1: I know what health resources are available on the inter- .73
net

.93

—

.64

Item 2: I know where to find helpful health information on the .83
internet

.93

—

.71

Item 3: I know what health information is available on the inter- .86
net

.92

—

.70

Item 4: I know how to find helpful health informationb on the
internet

.85

.92

—

.79

Item 5: I know how to use the health informationb I find on the .82
internet to help me

.93

—

.72

Item 6: I have the necessary skills to evaluate the health resources I find on the internet

.74

.93

—

.75

Item 7: I can distinguish between high- and low-quality health .78
information on the internet

.93

—

.68

Item 8: I feel confident in using information from the internet
to make health decisions

.93

—

.72

.79

Sw-eHEALS: Swedish version of the eHealth Literacy Scale.

b

Health information=health resources in the original version by Norman and Skinner [10]

Thresholds

Test-Retest Reliability
A total of 35 participants were included in the test-retest. The
mean age was 44 years with a range of 26 to 89 years, 60%
(21/35) were male, 91% (32/35) had at least 10 years’ education
and 94% (33/35) perceived their own general health as being
good or very good. The majority (82%, 27/35) had sufficient
comprehensive health literacy (HLS-EU-Q16), and the mean
sum score of the Sw-eHEALS was 32.1. Most participants
reported that they used the internet almost every day (89%,
31/35), that they thought the internet was useful or very useful
(89%, 31/35), and that the internet was important or very
important (83%, 29/35; Table 2). The weighted quadratic Cohen
kappa for the Sw-eHEALS total score was .86 (P<.001) and
ranged from .70 to .79 (P<.001) for 6 items and .64 to .68
(P<.001) for 2 items (Table 4).

Floor and Ceiling Effects
A total of 2% (7/323) of the participants had the lowest possible
sum score and 4% (15/323) the highest possible sum score on
the Sw-eHEALS.

The thresholds adapted for Sw-eHEALS resulted in 7.1%
(23/323) of participants with inadequate, 18.8% (61/323) with
problematic, and 74.0% (239/323) with sufficient eHealth
literacy. When comparing numbers of participants with
inadequate, problematic, and sufficient health literacy between
Sw-eHEALS and HLS-EU-Q16, there were no statistical
differences (P=.10), indicating that the thresholds determined
for Sw-eHEALS seem to be relevant. Distribution between the
three levels of eHealth literacy was similar for the HLS-EU-Q16,
with 6.2% (20/323) of participants with inadequate, 22.3%
(72/323) with problematic, and 71.5% (231/323) with sufficient
eHealth literacy (Table 2). When dichotomized into insufficient
(inadequate + problematic) and sufficient eHealth literacy, there
was a significantly greater proportion of participants who scored
the same levels of health literacy on both questionnaires
(46+208=254/323, 78.6%) compared with participants who had
different scores (42+27=69/323, 21.4%; P<.001; Table 5). There
were no significant differences in age, sex, educational level,
or general self-perceived health between these two groups.

Table 5. Distribution of participants scoring insufficient and sufficient health literacy and eHealth literacy.
Insufficient health literacy, n (%)

Sufficient health literacy, n (%)

Insufficient electronic health literacy, n (%)

46 (14.3)

27 (8.3)

Sufficient electronic health literacy, n (%)

42 (13.1)

208 (64.3)
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Discussion
Principal Findings
The results of this study support the intended use of
Sw-eHEALS for measuring the self-reported eHealth literacy
of Swedish persons. This paper shows that the process of
translating an instrument from English into Swedish is not
simple and quick. Capturing the culture and meaning of the
words can be a challenge. Finding a suitable term for health
resources in Swedish was problematic. Thus, several steps were
taken that involved contacting the creator of the original
instrument and also discussing the issue with experts and
laymen. It is important that the content of the items remains the
same as in the original. This is why we have described the
translation process thoroughly. Although it is important that the
content of the items remains the same as in the original version
and reflects the true meaning of the construct, the wording or
word order in the translated versions must be suitable for the
target language and understandable by speakers with different
levels of education and health literacy [30,51].
It has also been emphasized that translated items can assume
different meanings and can affect the meanings perceived by
the respondents. A lot of problems stem from the fact that the
questions in the questionnaire or the wording of items in the
instrument are culturally embedded. In other cases, structural
differences mean that the exact equivalent objects or entities do
not exist or that terms used to describe something in one country
describe something else in another [52]. In this study,
Sw-eHEALS was perceived as being easy to understand and
answer, and no structural problems with specific items were
found.
Our study found 1-factor structure (ie, unidimensionality) of
the Sw-eHEALS, which is in line with previous studies,
irrespective of using classical or modern test theory, as well as
in different languages and populations [9,18,20,22,53-56]. The
unidimensionality indicates that all the items measure a single
underlying construct that is in line with what was originally
proposed by the authors of the instrument [10]. However, a
2-factor structure has been reported [26,57,58], divided into the
constructs of knowledge about resources and evaluation of
resources. A 3-factor structure has also been reported including
the construct: awareness, skills, and evaluation [8,59]. The
1-factor structure is important to Sw-eHEALS because this
indicates it is appropriate to sum the item scores into a total
score.
Internal consistency was assessed using Cronbach alpha and
split-half reliability; both these coefficients were high, and the
published recommendations for Cronbach alpha (ie, .70 to .95)
were satisfied [29]. Other language versions of eHEALS have
also reported high reliability with Cronbach alpha ≥.88
[18,20,22,53-55]. A high Cronbach alpha is usually found for
questionnaires that contain a large number of items because
Cronbach alpha is dependent on the number of items in a
questionnaire [29]. The Sw-eHEALS includes 8 items.
The construct validity of the Sw-eHEALS was acceptable.
Moderate positive correlations were found with the
https://mhealth.jmir.org/2020/2/e16316
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HLS-EU-Q16, which is in line with Neter et al [58]. Moderate
positive correlations were also found with perceptions of the
internet as being useful and important for finding information
about the treatment of illnesses that cause concern and assessing
whether information about health risks in the media is reliable.
Previous studies support the relationship between eHealth
literacy, use of the internet [9,18,20,53,60], mobile phone use
[20], computer knowledge [53], and the amount of time spent
online [20,54]. The findings have suggested that frequent
internet users use the internet for health reasons and that this
could result in a great level of self-reported eHealth literacy and
that frequent internet users perceive that their ability to engage
with and evaluate general internet resources is transferable to
health-related content [8]. Furthermore, low eHealth literacy
levels appear to be associated with poor skills using a personal
computer, downloading files, and finding health information
online and difficulties in receiving help from online sources
[20].
The adapted threshold levels for inadequate, problematic, and
sufficient levels of eHealth literacy were based on the levels for
the HLS-EU-Q16 [35,47]. The threshold levels for Sw-eHEALS
seem to be relevant, and it is important to establish these levels
in order to identify those individuals and groups who suffer
from inadequate and problematic eHealth literacy and are in
need of support. To use a questionnaire without any thresholds
or cutoff levels in research or in clinical practice is problematic
because it is hard to evaluate what the values reflect (ie,
insufficient or sufficient eHealth literacy). However, these
suggested threshold levels for eHEALS have to be further
evaluated in other populations and in other languages.
The test-retest reliability for the Sw-eHEALS sum score was
.86, indicating an almost perfect agreement [50], to be compared
with the creators of eHEALS, r=.68 [10], and the Persian
version, r=.85 [55], analyzed using Pearson correlation. In our
study, the time period between repeated measurements was one
week, compared with the Persian version, which had a 2-week
time period [55], and the original version, which had a 6-month
follow-up [10]. If the time between the two tests is too long,
respondents could have been exposed to things that changed
their opinions, feelings, or attitudes about their behavior [51].
Terwee et al [29] believe that the time period between repeated
administrations should be long enough to prevent recall but
short enough to ensure that clinical changes have not occurred.
Often, one or two weeks will be sufficient.
Floor and ceiling effects were acceptable; 2% of the participants
scored the worst possible score (8), and 4% scored the best
possible score (40). An acceptable floor and ceiling effect of
eHEALS has been reported for the Italian version [18] and the
Dutch version [9] in persons suffering from chronic disease [22]
and in persons with moderate to high cardiovascular risk [26].
In an ideal situation, a questionnaire should be able to measure
the entire spectrum of a phenomenon. If floor or ceiling effects
are present, it is likely that extreme items will be missing at the
lower or upper end of the scale. As a consequence, people with
the lowest or highest possible score cannot be distinguished
from each other, reducing reliability [29]. However, it has been
reported that eHEALS does not seem to be able to detect small
but clinically important changes in participants with mid to
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higher levels of eHealth literacy in a population suffering from
moderate to high cardiovascular risk [26].

Limitations
This study has a number of limitations. One limitation is that
the sample included may not be representative of the majority
of Swedish speakers. However, the included participants were
recruited from different arenas, including groups of different
ages, sex, and levels of education. Second, eHEALS measures
self-reported eHealth literacy, which is not the same as
measuring the person’s knowledge of eHealth. Self-reported
eHealth literacy might be over- or underestimated depending
on things like the person’s level of self-efficacy. Therefore,
further studies are needed to study the association between
subjective and objective eHealth literacy. Another limitation
was the use of a nonvalidated question to assess general
self-perceived health. However, it has been claimed that
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self-perceived health is one of the internationally leading health
indicators reflecting a person’s subjective general perception
of health [36]. It has also been argued that self-rated health is
inclusive and dynamic in judging the trajectory of health and
that it influences behaviors that subsequently affect health status
and reflects resources that affect the ability to cope with health
threats [37].

Conclusion
This study confirmed that Sw-eHEALS is a reliable and valid
tool for assessing the perceived comfort and skills of Swedish
speakers in using information technology for health (ie, eHealth
literacy). However, there are some linguistic issues relating to
the concept of health resources. The adapted threshold levels
for inadequate, problematic, and sufficient levels of eHealth
literacy seem to be relevant and important when conducting
further studies, especially intervention studies.
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Abstract
Background: New consumer health devices are being developed to easily monitor multiple physiological parameters on a
regular basis. Many of these vital sign measurement devices have yet to be formally studied in a clinical setting but have already
spread widely throughout the consumer market.
Objective: The aim of this study was to investigate the accuracy and precision of heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP), and oxygen saturation (SpO2) measurements of 2 novel all-in-one monitoring devices, the
BodiMetrics Performance Monitor and the Everlast smartwatch.
Methods: We enrolled 127 patients (>18 years) from the Thomas Jefferson University Hospital Preadmission Testing Center.
SBP and HR were measured by both investigational devices. In addition, the Everlast watch was utilized to measure DBP, and
the BodiMetrics Performance Monitor was utilized to measure SpO2. After 5 min of quiet sitting, four hospital-grade standard
and three investigational vital sign measurements were taken, with 60 seconds in between each measurement. The reference vital
sign measurements were calculated by determining the average of the two standard measurements that bounded each investigational
measurement. Using this method, we determined three comparison pairs for each investigational device in each subject. After
excluding data from 42 individuals because of excessive variation in sequential standard measurements per prespecified dropping
rules, data from 85 subjects were used for final analysis.
Results: Of 85 participants, 36 (42%) were women, and the mean age was 53 (SD 21) years. The accuracy guidelines were only
met for the HR measurements in both devices. SBP measurements deviated 16.9 (SD 13.5) mm Hg and 5.3 (SD 4.7) mm Hg
from the reference values for the Everlast and BodiMetrics devices, respectively. The mean absolute difference in DBP
measurements for the Everlast smartwatch was 8.3 (SD 6.1) mm Hg. The mean absolute difference between BodiMetrics and
reference SpO2 measurements was 3.02%.
Conclusions: Both devices we investigated met accuracy guidelines for HR measurements, but they failed to meet the predefined
accuracy guidelines for other vital sign measurements. Continued sale of consumer physiological monitors without prior validation
and approval procedures is a public health concern.
(JMIR Mhealth Uhealth 2020;8(2):e16811) doi:10.2196/16811
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Introduction

Methods

Background

Ethical Approval

In recent years, advances in technology and the availability of
ample venture capital have been combining to produce a
growing array of new medical diagnostic devices. New
consumer devices are being developed to easily monitor multiple
physiological parameters at home or on the go—often
connecting with mobile devices to provide user-friendly updates
of health status (mobile health). The vision behind these devices
is that they will transform conventional medicine into digital
medicine, facilitating a transition from treating disease to
promoting health, from being reactive to being proactive, from
being general to being individualized, from offering office-based
health care to bringing health care to patients, and from
interrupting daily life to being incorporated into it [1].

This study was approved by the Institutional Review Board of
Thomas Jefferson University (IRB-nr: 18D.358), and subjects
were enrolled between June 27, 2018 and November 9, 2018.
Before participation, all subjects provided written informed
consent after all procedures and study risks were fully explained.

This vision is appealing, but presently, some of the publicized
work in the field of consumer physiological monitoring appears
to be characterized by excessive hype [2]. Many of these new
technologies have yet to be formally studied in a clinical setting,
and there are more than a few examples of digital snake oil [2]
with substantial societal uptake of devices before their eventual
discrediting [3]. This practice appears to be a barrier to truly
advancing the field of consumer physiological monitoring.
Smartwatches are one type of consumer device to easily monitor
physiological parameters on a regular basis, and more recently,
medical tricorders have been introduced. A medical tricorder
[4] is an all-in-one handheld portable device to be used by
consumers to quickly obtain several vital sign measurements
to monitor medical conditions.

Objectives
The aim of this study was to assess the accuracy of vital signs
measurements by 2 novel all-in-one physiological monitoring
devices, a smartwatch, and a medical tricorder.

BodiMetrics Performance Monitor
The BodiMetrics Performance Monitor (BodiMetrics, Manhattan
Beach) is a commercially available tricorder that is sold by
several major US-based retailers such as Walmart, Amazon,
and Costco. Due to its pocket-size (88×56×13 mm), it can easily
be carried around for frequent measurement of vital signs. To
create a user profile, it requires the input of sex, date of birth,
height and weight, and an initial calibration for systolic blood
pressure (SBP) obtained with a conventional upper-arm
sphygmomanometer. The tricorder provides measurements of
SBP, oxygen saturation (SpO2), and heart rate (HR) via different
sensors, and the measurements are displayed on a touch screen.
The device uses audio and visual instructions to guide users
through a measurement; the right index finger needs to be placed
beneath the cap on top, the right thumb on the electrode on the
front, and the right middle finger on the electrode on the back
of the device (Figure 1). Then, the electrode on the left lateral
side needs to be placed in the left palm. To ensure a successful
measurement, contact needs to be maintained with all electrodes,
while the index finger is inserted under the cap. A measurement
takes about 30 seconds to complete. HR is measured through
contact with the electrodes, whereas SpO2 is measured using a
plethysmography sensor under the top flap. SBP is measured
through the determination of pulse transit time from the
electrocardiogram (ECG) and photoplethysmography signals
[5]. According to the manufacturer specifications, HR can be
measured between 30 to 210 bpm and SpO2 can be measured
between 70% and 100% [6]. The manufacturer does not provide
information about the SBP measurement range.

Figure 1. BodiMetrics Performance Monitor tricorder. Vital sign measurements are performed by placing the right index finger on the plethysmography
sensor in the right upper corner under the flap. In addition, contact has to be made with the electrocardiogram electrodes at the front, left lateral side,
and back using both hands.
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Everlast TR10 Smartwatch
The Everlast TR10 smartwatch (Figure 2; Everlast) is a
smartwatch that is for sale through several US-based retailers
such as Walmart and Amazon. Unlike the BodiMetrics tricorder,
the Everlast smartwatch does not require any user specific
information or a calibration before use. It provides
measurements of SBP, diastolic blood pressure (DBP), and HR.

Hahnen et al
Results are shown on a display, and a button on the side is used
to navigate through the different measurements. We were unable
to verify the underlying measurement methods with the
manufacturer. The back plate of the watch contains contact
electrodes and a photoplethysmography sensor, which we
presume are utilized for the different physiological
measurements.

Figure 2. Everlast smartwatch. To enable a physiological measurement, the watch must be worn on the bare wrist making contact with the skin.
Measurements are initiated by pressing the button on the right side of the watch.

Standard Device
We used the validated Cardiocap/5 (Datex-Ohmeda)
hospital-grade vital signs monitor for reference measurements
[7]. The Cardiocap/5 has a mean blood pressure (BP)
measurement range of 25 to 260 mm Hg in adults. It uses a
plethysmography sensor to measure SpO2. HR can be measured
using ECG or can be derived from the SpO2 measurement. The
measurement range for peripheral SpO2 is 40% to 100% and
30 to 250 bpm for HR. The measurement accuracy for SpO2
between 80% and 100% is ±2% and between 50% and 80% is
±3%. The accuracy for HR is ±5% or ±5 bpm depending on
which of the two is greater [8]. The manufacturer does not
provide any information about the BP accuracy, but the device
does fulfill the American National Standards Institute
(ANSI)/Association for the Advancement of Medical
Instrumentation (AAMI)/International Organization for
Standardization (ISO) guidelines. This means that its
measurements are accurate within 5 mm Hg with a SD of ≤8
mm Hg [9,10]. To confirm the Cardiocap’s accuracy in BP
measurements, we compared Cardiocap noninvasive BP
measurements with intra-arterial BP measurements from a
previously published dataset [11]. The average absolute
difference between the two methods from six paired BP
measurements in 100 subjects (582 total pairs) was 4.3 (SD 6.8)
mm Hg for SBP and 4.8 (SD 7.2) mm Hg for DBP
measurements. This difference is within the recommended limits
for accuracy when comparing the obtained measurements from
a noninvasive monitor with intra-arterial measurements [9,10].
For BP measurements, the participant’s arm circumference was
measured, and the appropriate cuff size was chosen accordingly.
The standard adult-size cuff (REF572428) and the large
adult-size cuff (REF 572429, both Datex-Ohmeda, Inc) were
used for arm circumferences of 25 to 35 cm and 33 to 47 cm,
respectively.
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Subjects
We recruited study participants, aged more than 18 years, from
patients visiting the Thomas Jefferson University Hospital
Preadmission Testing Center. Exclusion criteria were as follows:
(1) contraindication for automated BP measurement on both
arms for reasons including but not limited to a history of breast
cancer surgery with radiation therapy or axillary lymph node
dissection, arteriovenous fistula for hemodialysis, or an open
wound; (2) irregular heart rhythms such as atrial fibrillation and
atrial flutter; (3) missing upper extremity, hand, or finger; (4)
inability to wear a watch because of wrist circumference or
edema of the arm, wrist, or hand; (5) lack of appropriate-sized
BP cuff; and (6) pacemaker or other implanted medical device
[6].

Testing Procedure
Research staff were trained to measure BP, SpO2, and HR with
the Everlast smartwatch, BodiMetrics tricorder, and Cardiocap/5
according to their manufacturers’ guidelines. The investigational
devices used in the study were new devices and were acquired
through Amazon shortly before the study commenced. We
followed a validation protocol derived from the
ANSI/AAMI/ISO 2013 standards for evaluating noninvasive
automated sphygmomanometers [3,9,10]. Study procedures
were explained, and participants were seated in a chair with
back support and armrests, with both feet on the floor; subjects
were instructed not to cross their legs or speak during the study.
After 5 min of rest, the measurement protocol began with an
initial standard measurement and a calibration measurement for
the BodiMetrics tricorder (Figure 3). After this calibration,
sequential measurements were taken, alternating between the
reference and the investigational devices, with 60 seconds in
between each measurement. This yielded a pattern where two
standard measurements bounded each investigational device
measurement [9,10]. In total, four standard and three
investigational device measurements were obtained per
participant. If a measurement with one of the investigational
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e16811 | p.359
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devices failed, up to two additional attempts were made.
Participants were blinded to the standard measurements but not
to the investigational measurements as these required the
participants’ interaction with the devices.

Data and Statistical Analysis
The reference SBP, DBP, HR, and SpO2 values were all
calculated by determining the average of the two standard vital
sign measurements that bounded the investigational
measurements
(Figure
3).
This
yielded
three
reference-investigational comparison pairs for the different vital
signs for each device. As our protocol was derived from a BP
validation protocol, we excluded data from subjects with a
variation in standard measurements greater than 12 mm Hg for
SBP and 8 mm Hg for DBP, in accordance with validation
guidelines [9,10].
For BP measurement validation, the main outcome was the
mean (SD) of the absolute difference between the respective
investigational devices and the reference values for SBP and
DBP [9,10]. The BP measurement results have been presented
elsewhere previously [12] and are reported again with
permission. BP measurements by the investigational devices
were considered accurate if the mean absolute difference was
≤5 mm Hg with a SD of ≤8 mm Hg [9,10]. Accuracy of the BP
measurements by the investigational devices was also graded
according to the classification from the British Society of
Hypertension [13,14].
For HR measurement validation, the main outcomes were the
mean of the absolute difference between the respective
investigational devices and the reference values, and the percent
absolute difference between the respective investigational
devices and the reference values. HR measurements were
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considered accurate if the mean absolute difference was within
either ±10% or ±5 bpm, depending on which of the two was
greater [15].
For SpO2, the main outcome was the root mean square error
(RMSE) between the respective investigational devices and the
reference values. SpO2 measurements were considered accurate
if the mean RMSE was ≤3.0% [16].
The main outcome data were visualized using Bland-Altman
plots (Sigmaplot, version 14, Systat Software Inc). The dotted
line in the Bland-Altman plot represents the mean relative
difference (investigational minus reference), and the dashed
lines represent ±1.96 SDs for the absolute difference. In
addition, correlation analyses and scatterplots were utilized to
assess the relation between the respective investigational devices
and the reference values. To aid in the interpretation of clinical
applicability of these devices, we also assessed the rates at which
they successfully detected values for vital signs that were
measured outside the normal range by reference values (≥140
mm Hg SBP, ≥90 mm Hg DBP, <60 bpm HR, or <90% for
SpO2). The solid line in the scatterplots represents the line of
identity. The dashed lines in the scatterplots for BP, HR, and
SpO2 represent the cutoff for stage 2 hypertension, bradycardia,
and hypoxemia, respectively. Normality of values was assessed
using the Shapiro-Wilk test. In the case of normally distributed
residuals, Pearson correlation analysis was performed, and in
the case of non-normally distributed residuals, Spearman
correlation analysis was performed. Means are reported with
SD for all variables. Nominal variables are reported as n with
relative proportion in percentage.
All data files are available from the Data Archiving and
Networked Services database [17].

Figure 3. Study timeline. B: BodiMetrics Performance Monitor measurement; E: Everlast smartwatch measurement; S: Standard measurement (light
grey color). The dark grey color indicates the investigational devices.

Results
Principal Results
We enrolled a total of 127 subjects, and data from 41
participants were discarded because of excessive variation in
sequential standard BP measurements, as specified by the

https://mhealth.jmir.org/2020/2/e16811

XSL• FO
RenderX

ANSI/AAMI/ISO 2013 standards for evaluating noninvasive
automated sphygmomanometers [3,9,10], and from 1 participant
because of repeated failure of BodiMetrics calibration; 85
subjects were included in the final analysis. Demographics and
characteristics of the study population are displayed in Table
1. These data have previously been presented by Van Helmond
et al [12] and are reproduced with permission.
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Table 1. Validation study: participant characteristics (n=85).
Participant characteristics

Values

Systolic blood pressure at baseline (mm Hg), mean (SD)

125 (15)

Diastolic blood pressure at baseline (mm Hg), mean (SD)

76 (9)

Heart rate at baseline (bpm), mean (SD)

72 (12)

Oxygen saturation at baseline (%), mean (SD)

96 (2)

Age (years), mean (SD)

53 (21)

Body mass index (kg/m2), mean (SD)

28 (7)

Gender, n (%)
Male

49 (58)

Female

36 (42)

Ethnicity, n (%)
White

61 (72)

Black

12 (14)

Asian

6 (7)

Education, n (%)
High school or General Educational Diploma

28 (33)

College or university degree

38 (45)

Master’s degree

6 (7)

Doctorate

5 (6)

Self-reported medical history, n (%)
Hypertension
Taking medication for hypertension
Diabetes
Taking medication for diabetes
Heart attack
Taking medication for heart attack
Heart failure
Taking medication for heart failure
Peripheral vascular disease
Taking medication for peripheral vascular disease
Stroke
Taking medication for stroke
Smoking

BodiMetrics Performance Monitor
Blood Pressure
The BodiMetrics tricorder failed in 6 (7%) participants for a
total of 13 (5%) of the maximum 255 BP measurements that
could have been obtained in the 85 participants. The average
absolute difference between the BodiMetrics tricorder and the
reference was 5.3 (SD 4.7) mm Hg for SBP (Figure 4). The
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32 (38)
31 (36)
13 (15)
12 (14)
3 (4)
3 (4)
2 (2)
1 (1)
2 (2)
2 (2)
1 (1)
0 (0)
8 (9)

performance monitor, thus, failed to meet the predefined
accuracy target for SBP measurements [9,10]. According to the
British Society of Hypertension guidelines, the BodiMetrics is
a grade-B BP monitor [13,14]. BodiMetrics tricorder
measurements correlated well with reference measurements
(ρ=0.88; P<.001); the BodiMetrics tricorder measured a
hypertensive BP value (≥140 mm Hg) for 80% of the
hypertensive reference SBP values (Figure 4).
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Figure 4. Systolic blood pressure (A and B), heart rate (C and D), and oxygen saturation (E and F) measurements by BodiMetrics tricorder and reference
values. SBP: systolic blood pressure, HR: heart rate, SpO2: oxygen saturation.

Heart Rate
The BodiMetrics tricorder failed in 3% (3/85) participants for
a total of 3.1% (8/251) HR measurements. The average absolute
difference between the BodiMetrics tricorder and the reference
values was 1.8 (SD 1.8) bpm (Figure 4). The mean absolute
percentage difference was 2.5 (SD 2.5) %. The BodiMetrics
tricorder, therefore, met the predefined accuracy cutoff for HR
https://mhealth.jmir.org/2020/2/e16811
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measurements [15]. Correlation analysis revealed a statistically
significant, strong correlation (ρ=0.97; P<.001; Figure 4)
between the BodiMetrics tricorder HR measurements and the
reference values. The BodiMetrics tricorder measured a
bradycardic HR value (<60 bpm) for 90% of the bradycardic
reference HR measurements (Figure 4).
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Oxygen Saturation
The BodiMetrics tricorder failed in 4% (4/85) participants for
a total of 3.5% (9/257) SpO2 measurements. The RMSE for
SpO2 between BodiMetrics Performance Monitor measurements
and reference values was 3.1% (Figure 4). The BodiMetrics
Performance Monitor measurements, thus, failed to meet the
predefined accuracy standard [16]. BodiMetrics Performance
Monitor SpO2 measurements were moderately correlated with
reference values (ρ=0.44; P<.001; Figure 4). The BodiMetrics
tricorder measured no hypoxic SpO2 values (<90%) for any of
the hypoxic reference SpO2 measurements (Figure 4).

Everlast TR10 Smartwatch
Blood Pressure
The Everlast watch failed in 38% (33/85) participants for a total
of 34.1% (87/255) BP measurements. The average absolute
differences between the Everlast watch and reference were 16.9
(SD 13.5) mm Hg for SBP and 8.3 (SD 6.1) mm Hg for DBP
(Figure 5). The watch’s performance, thus, failed to meet the
predefined accuracy guideline for SBP and DBP measurements
and is considered a grade-D monitor for SBP and DBP
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measurements according to the British Society of Hypertension
guidelines [9,13,14]. The difference between the Everlast watch
and reference measurement was dependent on the SBP value,
such that lower SBPs were estimated higher and higher SBPs
were estimated lower (ρ=−0.45; P<.001; Figure 5). Everlast BP
measurements were not correlated with reference BP
measurements, and the Everlast watch failed to measure any
hypertensive BP values for any of the hypertensive reference
SBP or DBP measurements (Figure 5).

Heart Rate
The Everlast watch failed in 36% (31/85) participants for a total
of 31.8% (81/255) HR measurements. The average absolute
difference between the Everlast watch and the reference was
6.5 (SD 9.2) bpm (Figure 5). The mean absolute percentage
difference was 9.9 (SD 14.3) %. The Everlast watch, therefore,
met the predefined accuracy guidelines [15]. Correlation analysis
revealed a significant moderate correlation (ρ=0.7; P<.001)
between the Everlast watch HR measurements and the reference
values (Figure 5). The Everlast smartwatch measured a
bradycardic HR value (<60 bpm) for 33% of the bradycardic
reference HR measurements (Figure 5).
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Figure 5. Systolic blood pressure (A and B), diastolic blood pressure (C and D), and heart rate (E and F) measurements by Everlast smartwatch and
reference values. BP: systolic blood pressure, DBP: diastolic blood pressure, HR: heart rate.

Discussion
Principal Findings
The aim of this study was to assess the accuracy of vital sign
measurements by 2 novel, all-in-one physiological monitoring
devices, a smartwatch, and a medical tricorder. We found that
the accuracy guidelines for HR measurements were met by both
investigational devices. However, neither device met the
https://mhealth.jmir.org/2020/2/e16811
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RenderX

accuracy guidelines for BP measurements. The SpO2
measurements by the BodiMetrics also did not meet the accuracy
guidelines for transmissive pulse oximetry. The absolute or
relative differences from the reference measurements were very
large for the Everlast watch, whereas the BodiMetrics’
measurements were closer to meeting the predefined standards.
The results of our study indicate that the Everlast smartwatch
is not accurate enough to be used to monitor vital signs. For the
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BP measurements, the Everlast smartwatch did not correctly
measure any (0%) of the hypertensive values for the values that
were hypertensive when measured with the standard cuff.
Although the watch met our predefined accuracy standard for
HR, it detected only 33% of the bradycardic HR values that
were measured by the standard monitor. In addition to the
accuracy problems, the watch failed to obtain any measurement
at all for 32% of HR and 34% of SBP and DBP measurements.
We are not aware of any prior studies on the Everlast smartwatch
to compare the findings of this study with, but we found 3
studies by a Dutch research group on the BodiMetrics
Performance Monitor, which is marketed in Europe under the
name Checkme [5,18,19]. A study by Schoot et al [5] compared
the SBP measurements obtained with the BodiMetrics
Performance Monitor with the SBP measurements obtained by
a reference automated cuff in 37 outpatients in supine position
and sitting position and found average absolute differences of
approximately 6.7 (SD 5.4) mm Hg in supine position and
approximately 10.1 (SD 7.0) mm Hg in sitting position. The
average absolute difference they found is somewhat larger than
the difference we found in this study (5.3 [SD 4.7] mm Hg).
An underlying reason for this difference may be that the bias
calculation in their study did not average the two standard
measurements that bounded each investigational measurement,
and that naturally occurring drift in BP, thus, may have
exaggerated the detected difference [9]. They also did not
exclude any subjects based on drift in standard measurements,
as we did per the ANSI/AAMI/ISO BP monitor validation
protocol [9]. In a subsequent study by Weenk et al [18], the
same group compared all vital signs measured by the
BodiMetrics with a standard hospital-grade monitor in 41
Internal Medicine inpatients. They found an average absolute
difference of 10.7 (SD 11.0) mm Hg between BodiMetrics SBP
measurements and the reference. For HR, the average absolute
difference was 2.9 (SD 2.9) bpm, and for SpO2, the RMSE was
4.2% [18]. These BodiMetrics-to-reference differences are
substantially greater than the difference we encountered and
are potentially because of a smaller dataset of 69 data pairs per
vital sign compared with our 242 BP, 246 SpO2, and 247 HR
data pairs. There were also differences in the measurement
protocol between the Weenk et al’s study [18] and this study.
They obtained data from inpatients in supine position, whereas
our subjects were seated outpatients. Moreover, we averaged
bounding standard measurements to reduce the influence of
drift, whereas Weenk et al [18] did not. Another difference is
that they performed calibration of the BodiMetrics once in the
morning and then collected data on three different time points
during the day, whereas our measurements were taken in the
approximately 20 to 30 min following calibration [18]. The
subject’s BP may have changed significantly from the value at
which the BodiMetrics was calibrated in their study, which
might have affected the accuracy of the measurements. In
contrast, the BP during our protocol was likely similar to the
calibration value [20]. In a third study from the same group,
Ogink et al [19] compared BodiMetrics SBP measurements
with SBP measurements obtained at home by 11 patients with
hypertension using various home automated BP monitors over
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3 weeks. BodiMetrics SBP measurements were found to be
weakly correlated to cuff SBP measurements, and there was a
large absolute difference between the two measurements (eg,
44% of measurements differed by >10 mm Hg). Although the
accuracy of the BodiMetrics is difficult to assess from this study,
considering there was no standardized monitor or measurement
protocol, the reported low accuracy appears to indicate that the
BodiMetrics SBP measurement becomes significantly more
inaccurate when some time passes since calibration.
To address concerns related to BP calibration dependency, an
alternative validation protocol specific to cuff-less monitors has
been suggested by the Institute of Electrical and Electronics
Engineers (IEEE). This validation protocol requires the same
accuracy as the ANSI/AAMI/ISO standard for cuff-based
devices, but it differs from the ANSI/AAMI/ISO protocol, in
that it includes validation measurements after artificial changes
in BP are induced after initial calibration to ensure accuracy
over a wide range of BP values. In addition, the IEEE protocol
includes validation measurements obtained after a significant
period (weeks to months) since the initial calibration to
investigate time-dependent calibration integrity [20]. We did
not induce different BPs or investigate time-dependent changes
in accuracy in this study.
To assess whether the BodiMetrics accuracy may be affected
by changes in BP from the calibration value, we performed a
posthoc analysis on the difference between the reference values
and the BodiMetrics SBP measurements versus the difference
in the reference values and the calibration value (Figure 6). We
found a significant moderate correlation between these two
absolute differences, indicating that the accuracy of the
BodiMetrics tricorder incrementally decreases when it is used
at incrementally different pressures from the calibration value.
These findings would need to be confirmed in a prospective
manner while consciously changing BP in study subjects to
warrant any definitive conclusions. On the basis of our findings,
we conclude that the current calibration process demonstrates
a limitation of the BodiMetrics tricorder that should be further
examined.
With regard to the initial calibration of the BodiMetrics, Weenk
et al [18] reported that in 18% of the participants the calibration
procedure failed and that the main reasons for failed calibration
were shivering and cold hands. In the study conducted by Schoot
et al [5], 12 of the 52 (23%) volunteers were excluded because
of repeated calibration failure. We started our study during the
hot summer months and only recognized a correlation between
calibration issues and cold hands in 1 participant who was tested
in late October. Overall, our calibration failure rate was lower
than that reported by Weenk et al [18] who conducted their
study between March and May [18]. As reported in the
BodiMetrics’ users guide, dry and cold hands can influence the
connectivity between hands and electrodes [5]. The conductivity
is also affected by a thick stratum corneum [21]. The study by
Weenk et al [18] found no correlation between patient gender,
age, or weight and failure of calibration. As we only observed
a failure in calibration at first or second attempt in 4.7% of
attempts, we were not able to study any of these relationships.
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Figure 6. Difference between BodiMetrics tricorder systolic blood pressure measurements and calibration measurement versus difference between
reference systolic blood pressure measurements and calibration measurement. The solid line in the scatterplot represents the line of identity. Data shown
were not normally distributed (Shapiro-Wilk test).

Practical Implications and Future Directions
Use of devices such as the Everlast smartwatch may result in
individuals incorrectly assuming that they are, for example,
normotensive or hypertensive. This might delay diagnosis or
result in incorrect medication self-adjustments. The BodiMetrics
tricorder’s accuracy for SBP and HR was considerably better
than the accuracy of the Everlast smartwatch in this study.
However, the BodiMetrics tricorder did not meet the predefined
accuracy standards for SBP and SpO2 measurements. The
BodiMetrics tricorder has approval for measurements of SpO2
and HR from the US Food and Drug Administration, but not
for measurement of SBP [22]. The results of this study suggest
that it is doubtful that the tricorder should be used for SBP or
SpO2 measurements. Proper validation of consumer vital sign
monitors before commercial release would aid in avoiding the
potential serious repercussions of inaccurate vital sign
measurements.

Limitations
A limitation that pertains to this study is that we modified the
BP monitor validation protocol that our study was based on by
using an automated hospital vital signs monitor instead of a
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mercury sphygmomanometer [14] and auscultation. We made
this adjustment to accommodate the assessment of different
vital signs in one protocol and this adjustment is based on the
precedent that other groups have set by following a similar
approach [3,5,18,19]. In the near feature, we aim to conduct a
study on cuff-less BP monitors using a mercury
sphygmomanometer as a reference.
Another area of interest for future studies is the accuracy and
precision of consumer vital sign monitors in real-world settings
by individuals in their home environment, as that is where these
devices are ultimately being used [19]. Such studies could also
address whether issues related to maintenance, servicing, and
wear and tear of devices adversely affect performance.

Conclusions
The Everlast TR10 smartwatch is not accurate enough to be
used as a vital sign’s measurement device. The BodiMetrics
device was substantially more accurate, but it still failed to meet
predefined accuracy guidelines for SBP and SpO2. The
continued sale of consumer physiological monitor devices
without the required prior validation and market approval
procedures is a significant public health concern.
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Abstract
Background: Despite progress over the last decade, there is a continuing unmet need for contraception in Cambodia. Interventions
delivered by mobile phone could help increase uptake and continuation of contraception, particularly among hard-to-reach
populations, by providing interactive personalized support inexpensively wherever the person is located and whenever needed.
Objective: The objective of this study was to evaluate the cost-effectiveness of mobile phone–based support added to standard
postabortion family planning care in Cambodia, according to the results of the MOTIF (MObile Technology for Improved Family
planning) trial.
Methods: A model was created to estimate the costs and effects of the intervention versus standard care. We adopted a societal
perspective when estimating costs, including direct and indirect costs for users. The incremental cost-effectiveness ratio was
calculated for the base case, as well as a deterministic and probabilistic sensitivity analysis, which we compared against a range
of likely cost-effectiveness thresholds.
Results: The incremental cost of mobile phone–based support was estimated to be an additional US $8160.49 per 1000 clients,
leading to an estimated 518 couple-years of protection (CYPs) gained per 1000 clients and 99 disability-adjusted life-years
(DALYs) averted. The incremental cost-effectiveness ratio was US $15.75 per additional CYP and US $82.57 per DALY averted.
The model was most sensitive to personnel and mobile service costs. Assuming a range of cost-effectiveness thresholds from US
$58 to US $176 for Cambodia, the probability of the intervention being cost-effective ranged from 11% to 95%.
Conclusions: This study demonstrates that the cost-effectiveness of the intervention delivered by mobile phone assessed in the
MOTIF trial lies within the estimated range of the cost-effectiveness threshold for Cambodia. When assessing value in interventions
to improve the uptake and adherence of family planning services, the use of interactive mobile phone messaging and counselling
for women who have had an abortion should be considered as an option by policy makers.
Trial Registration: ClinicalTrials.gov NCT01823861; https://clinicaltrials.gov/ct2/show/NCT01823861
(JMIR Mhealth Uhealth 2020;8(2):e16276) doi:10.2196/16276
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mHealth; digital health; cost-effectiveness; contraception; postabortion contraception; postabortion family planning; Cambodia
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Introduction
Contraception provides significant benefits for the health of
women and children, as well as substantial social and economic
benefits [1]. An estimated 225 million women in developing
countries had an unmet need for contraception in 2014, and if
the need were met, it could avert 52 million unintended
pregnancies, 24 million abortions (of which around half are
unsafe), 70,000 maternal deaths, and 500,000 newborn deaths
per year [2].
In Cambodia, over the last decade, progress has been made in
reducing an unmet need for contraception. This has coincided
with a reduction in maternal, infant, and under-5 mortality [3].
Nonetheless, there is a continued unmet need for contraception
in Cambodia. The 2014 Cambodia Demographic and
Health Survey reported that among married women aged 15-49
years who wanted to delay a pregnancy by more than 2 years
or have no further children, only 56% were using contraception
[3]. There has been a rise in the rate of induced abortions from
21 per 1000 women in 2005 to 28 in 2010, with 26% of women
having more than one abortion [4].
Interventions delivered by mobile phone could help increase
uptake and continuation of contraception, particularly among
hard-to-reach populations [5-9]. Compared with face-to-face
interventions, mobile phone–based interventions have the
advantage that they can provide interactive personalized support
inexpensively wherever the person is located and whenever
needed [10]. The use of this technology could be of value to
women who have had an abortion, as they may face stigma
when seeking services or may find it difficult to make informed
decisions about family planning at the time of their abortion.
The MOTIF (MObile Technology for Improved Family
planning) trial evaluated an intervention delivered by mobile
phone to provide postabortion family planning support to women
who received safe abortion at Marie Stopes International
Cambodia (MSIC) clinics [11]. This trial compared usage of
different family planning services during a period of 12 months
after abortion among women who were provided with family
planning advice via their mobile phones (six automated
interactive voice messages over 3 months with a facilitated link
to counsellor phone support via a call center and appointment
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booking if requested) in addition to standard postabortion family
planning care provided in accordance with national guidelines,
with usage of family planning services among women receiving
standard care alone.
The MOTIF intervention was effective at increasing uptake of
long-acting reversible contraceptive methods (subdermal implant
and intrauterine device [IUD]), which are associated with lower
discontinuation rates compared with those of short-acting
hormonal methods [12-14]. Long-acting methods are more
cost-effective in comparison with short-term methods [15,16],
but little evidence exists on the cost-effectiveness of behavior
change interventions aimed at improving the uptake of these
methods. We aimed to conduct a cost-effectiveness analysis of
the MOTIF trial intervention to address this evidence gap.

Methods
Rationale and assumptions
We conducted a cost-effectiveness evaluation comparing a
mobile phone–based intervention in addition to standard
postabortion family planning care with standard care alone,
using the results of the MOTIF trial. The methods and results
of this trial have been previously published [11,14]. In short,
standard care included counselling at the clinic, offer of
follow-up appointment, and provision of the contact details of
an MSIC counselling hotline. Those allocated to the intervention
also received six automated interactive voice messages and were
provided with phone support from a counsellor depending on
their responses to the messages, and optional additional reminder
messages were provided to those women who chose to receive
oral or injectable contraceptives (a detailed description is
provided in Multimedia Appendix 1). The conceptual framework
for the cost-effectiveness evaluation is shown in Figure 1.
Because postabortion family planning care is delivered over a
limited period of time after induced abortion for each individual
but the effects of long-acting contraceptive methods may be
accrued over the lifespan of the product without further costs
being incurred, we chose to model the activities required to
deliver postabortion family planning care to a cohort of women
along with overhead costs for 1 year only. The time horizon for
effects was 10 years, according to the parameters of the Impact2
model as described below.
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Figure 1. Conceptual framework for the service provision model based on the MOTIF trial. Inputs from the MOTIF trial are shown in green. Models
used to derive costs and effects are shown in yellow. IUD: intrauterine device; MOTIF: MObile Technology for Improved Family planning; OCP: oral
contraceptive pill.

Service Provision Model
We constructed a model to simulate total contraceptive and
abortion services obtained for a single cohort of 1000 women
after abortion in the intervention and control arms, using Excel
2016 (Microsoft Corp, Redmond, Washington). This design
was chosen to link the empirical service usage data from the
MOTIF trial (monthly services per user) to the Impact2 model
(annual services per 1000 users). No discounting was applied
to costs, because these were modelled to occur during 1 year.
Monthly service provision parameters were taken from 66%
(328/500) of participants remaining in the study at the end of
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the 12-month follow-up period. Previously published MOTIF
findings showed that missing data had a negligible effect on the
contraceptive method mix at 12 months [17]. Moreover, some
participants in the MOTIF trial used more than one type of
contraceptive service (owing to discontinuation or switching).
The use of 12-month follow-up parameters allowed us to more
accurately reflect this in the overall service provision rates for
the simulated cohort of 1000 women in each arm. Model
parameters are presented in Table 1. Effects were calculated
using contraceptive service parameters only, whereas costs were
calculated using both contraceptive service and abortion service
parameters. Contraceptive service provision rates and confidence
intervals were derived from monthly MOTIF trial data.
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Table 1. Service provision model parameters.
Base

Deterministic range (95% CI)

Probabilistic distribution

Oral contraceptive pill

2172

2013-2330

Lognormal

Injectable

558

512-604

Lognormal

Implant

172

123-220

Lognormal

IUDb

112

72-153

Lognormal

47

21-91

Beta

Oral contraceptive pill

3308

3112-3499

Lognormal

Injectable

325

291-358

Lognormal

Implant

75

42-109

Lognormal

IUD

63

32-93

Lognormal

69

35-120

Beta

Intervention arm and parameters
Contraception servicesa

Abortion servicesa
Repeat abortion
Control arm parameters
Contraception servicesa

Abortion servicesa
Repeat abortion
a

Per 1000 participants per year.

b

IUD: intrauterine device.

Effects
Effects were estimated using the Marie Stopes Impact2 (version
4) modelling tool (illustrated in Figure 2) using the default
settings in “organization” mode for Cambodia in 2013. This
tool uses user-provided rates of contraceptive use, which we
derived from the service provision model, to estimate effects
such as disability-adjusted life-years (DALYs, calculated using
2010 Global Burden of Disease estimates [18]) averted and
couple-years of protection (CYPs), taking account of effective
usage, discontinuation, and failure rates and wastage for each
contraceptive method, as well as country-specific rates for
unintended pregnancies, induced abortions, maternal mortality,
and under-5 mortality. Consistent with the Global Burden of
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Disease Methodology [18], no discounting of effects was applied
and age weighting was uniform. Hutterite fertility rates account
for the age structure of the population, which we adjusted in
the model to reflect the MOTIF sample population. Discounting
of fertility over the time horizon was also applied according to
Hutterite rates. Effects were calculated to include the service
lifespan of each contraceptive method (in the Impact2 model,
we selected 10 years for IUDs and four years for implants). The
Impact2 model includes assumptions based on published
research. Of relevance to this study, 31% of pregnancies
worldwide are unintended, and in Asia, 57% of unintended
pregnancies end in abortion [2,19]. The full methodology and
assumptions of the Impact2 model are described elsewhere
[20,21].
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Figure 2. Marie Stopes International Impact2 model framework. Inputs, outputs, and processes used in the Impact2 model are illustrated, as they apply
to this study. Green: inputs to the model from the MOTIF trial. Yellow: effects reported in this study. Adapted from Weinberger et al [21]. CYPs:
couple-years of protection; DALYs: disability-adjusted life-years; LAM: long-acting method; MOTIF: MObile Technology for Improved Family
planning.

Costs
The base case analysis was performed from a societal
perspective. Costs were collected in 2014 in US dollars
(commonly used in Cambodia) and were expressed in constant
2011 purchasing power parity-adjusted US dollars.
For MSIC clinics, provider costs included medical consumables,
personnel, and estimates of the time taken to provide each
service. To account for overheads, 20% was added to personnel
costs. For non-MSIC clinics, costs for personnel and overheads
were not available, and commodity costs were assumed to be
the same as those at MSIC clinics. Costs attributable to the
intervention included airtime to deliver the mobile phone–based
intervention and a proportion of fixed costs (computers and
phones). MSIC personnel costs for training and delivery of the
intervention were estimated from hourly wages and time spent
on the intervention.
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User costs included direct medical costs (service fees), direct
nonmedical costs, and indirect costs of attending postabortion
family planning services for the proportion of women who
attended a separate appointment after their initial abortion. The
average home-clinic round trip distance was multiplied by the
per kilometer average price of motorcycle transport to obtain
transport costs. If the client visited a different clinic, the
estimated distance was reduced by one-third. Indirect costs to
users were attributed to all women irrespective of formal
employment status [22]. The time required for users to access
each service was the sum of clinical time (reported by MSIC
staff) and estimated travel time. Indirect costs attributable to
repeat abortions were also included. In Cambodia, injectable
and oral contraceptives are widely available at pharmacies, and
therefore, costs were assumed to be negligible for clients
obtaining these products from non-MSIC clinics. Unit costs and
their sources are reported in Table 2 [22-24].
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Table 2. Unit costs.
Base

Deterministic rangea

Probabilistic
distribution

Comment/source

Provider costsb
MOTIFc intervention costs (per participant)
Airtime: voice messages

0.79

0.39-1.18

Gamma

Actual costs from the MOTIF study

Airtime: outgoing phone calls

2.16

1.08-3.25

Gamma

Actual costs from the MOTIF study

Computer

1.34

0.67-2.01

Gamma

Actual costs from the MOTIF study

Phone

0.2

0.1-0.3

Gamma

Actual costs from the MOTIF study

Oral contraceptive pill (one cycle)

0.29

0.15-0.44

Gamma

Direct cost reported by an MSICe clinic

IUDd

0.4

0.2-0.6

Gamma

Direct cost reported by an MSIC clinic

Medical abortion (Mariprist)

0.7

0.35-1.05

Gamma

Direct cost reported by an MSIC clinic

Surgical abortion

5

2.5-7.5

Gamma

Personal communication with MOTIF trial authors

Injectable contraceptive (one dose)

0.5

0.25-0.75

Gamma

Direct cost reported by an MSIC clinic

Implanted subdermal contraceptive 8
(Femplant)

4-12

Gamma

Direct cost reported by an MSIC clinic

Long-acting contraceptive device
removal

3

1.5-4.5

Gamma

Personal communication with MOTIF trial authors

Midwife/health care service
provider

2.36

1.18-3.54

Gamma

Direct cost reported by an MSIC clinic

Counsellor

2.52

1.26-3.78

Gamma

Direct cost reported by an MSIC clinic

IUDd insertion

5

2.5-7.5

Gamma

Direct price to users reported by an MSIC clinic

Implant insertion

25

12.5-37.5

Gamma

Direct price to users reported by an MSIC clinic

Injectable (MSIC clinic)

1

0.5-1.5

Gamma

Direct price to users reported by an MSIC clinic

Injectable (pharmacy)

0.73

0.37-1.1

Gamma

Direct price to users reported by a local pharmacy

Oral contraceptive pill (MSIC clin- 0.4
ic)

0.2-0.6

Gamma

Direct price to users reported by an MSIC clinic

Oral contraceptive pill (pharmacy)

0.37

0.19-0.56

Gamma

Direct price to users reported by a local pharmacy

IUD removal

2

1-3

Gamma

Direct price to users reported by an MSIC clinic

Implant removal

3.75

1.8-5.63

Gamma

Direct price to users reported by an MSIC clinic

Repeat abortion (surgical)

25

12.5-37.5

Gamma

Direct price to users reported by an MSIC clinic

Repeat abortion (medical)

20

10-30

Gamma

Direct price to users reported by an MSIC clinic

0.07

0.04-0.11

Gamma

Advertised cross-network charge in Cambodia

Motorbike travel (per km)

0.22

0.11-0.33

Gamma

Data from Rozemuller et al [23]

Average distance from clinic to
home (km)

38.2

30.1-46.3f

Gamma

Data from the MOTIF study

2534

2280.6-2787.4g

Gamma

World Bank development data [22]

Family planning service commodities

Personnel (hourly)

User costsa
Direct costs

Mobile phone
Airtime to call a clinic/hotline (per
min)
Transport

Indirect costs
Gross national income per capita
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Base

Deterministic rangea

Probabilistic
distribution

Comment/source

Gross daily income per capita

6.9

6.2-7.6g

Gamma

World Bank development data [22]

Repeat abortion (total household
indirect cost)

5.07

2.54-7.61

Gamma

Data from Potdar et al [24]

a

The range used for deterministic analysis was 50% above and below the base case estimate unless otherwise indicated. This range was then assumed
to represent the 95% confidence interval of the distribution indicated for probabilistic sensitivity analysis.
b

Unit costs were combined to calculate the service level costs used in the model.

c

MOTIF: MObile Technology for Improved Family planning.

d

IUD: intrauterine device.

e

MSIC: Marie Stopes International Cambodia.

f

Range used is the 95% confidence interval from MOTIF data.

g

Range used is 10% above and below the base case estimate.

Cost-Effectiveness
Incremental cost and utility per 1000 participants were
calculated by subtracting the estimated cost and each of the
measures of effect (CYPs, pregnancies averted, abortions
averted, under-5 mortality, maternal mortality, and DALYs) in
the MOTIF intervention arm from those in the standard care
arm. The incremental cost-effectiveness ratio (ICER) for each
measure of effect was calculated by dividing incremental cost
by incremental effect.

Sensitivity Analysis
To estimate the effect of uncertainty, the model was subjected
to deterministic and probabilistic sensitivity analyses [25]. Upper
and lower range values were determined for each input
parameter. Where possible, 95% CIs were derived from MOTIF
trial data. Else, range values were calculated as 50% above and
below the base case estimate to allow a wide range of
uncertainty. The appropriate prior distribution for each
parameter was chosen according to 2012 International Society
for Pharmacoeconomics and Outcomes Research-Society for
Medical Decision Making recommendations, and upper and
lower range values were taken as the 95% CI of that distribution
[26,27]. We assumed that changes in fees charged to users to
access health services would not affect demand for those health
services (ie, the price elasticity of demand for the services
involved in the MOTIF intervention was zero).
The probabilistic sensitivity analysis consisted of a Monte-Carlo
simulation with 1000 iterations randomized according to the
probability distribution of each parameter. Contraceptive use
outcomes for each iteration were inputted to the Impact2 model
to produce the joint probability distribution for effects.
Uncertainty introduced through the Impact2 model itself was
not included, because information about parameters used in the
Impact2 model was not available. Simulation results for ICERs
assessed using CYPs and DALYs were plotted on the
cost-effectiveness plane, and the cumulative probability for
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cost-effectiveness across a range of cost-effectiveness thresholds
was visualized as a cost-effectiveness acceptability curve
(CEAC) [28].
To understand the relevance of the cost-effectiveness analysis
to decision makers, the results of the base case and sensitivity
analyses were compared with the likely range of
cost-effectiveness thresholds. Ochalek et al have described a
method for empirically deriving cost-effectiveness thresholds
in low- and middle-income countries, along with their estimate
for a list of countries. The estimated cost-effectiveness threshold
for Cambodia using this method ranged from US $58 to US
$176 or 12%–35% of the gross domestic product per capita
[29].

Scenario Analysis
To understand the health financing implications of reducing or
removing user fees, two scenario analyses were conducted to
model the effect on costs from user and provider perspectives.
Because user fees represent a transfer from users to providers,
from a societal perspective, the net direct effect on costs is zero.
For users, we calculated the average estimated cost per client
in each scenario. For providers interested in the effect of user
fees on cost-effectiveness, we calculated the estimated ICER
from the provider perspective.

Results
The incremental cost of mobile phone–based support from a
societal perspective over a 12-month period was an additional
US $8160.49 per 1000 clients, and it is reported along with
costs to providers and users in Table 3. We estimate that an
additional 518 CYPs are gained per 1000 clients receiving the
MOTIF intervention and that this would avert 180 pregnancies,
103 abortions, and 99 DALYs. The ICER was US $82.57 per
DALY averted and US $15.75 per additional CYP (Table 4).
The ICER for DALYs averted fell within the cost-effectiveness
threshold range.
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Table 3. Base case cost and effect results for the MOTIF (MObile Technology for Improved Family planning) intervention versus standard of care.
Intervention

Standard care

Incremental value

Provider

4079.74

−1625.20

5704.94

User

15,906.83

13,451.28

2455.55

Total

19,986.56

11,826.07

8160.49

1350.6

832.6

518.0

441

260

180

Abortions avertedb

251

148

103

U5c mortalities avertedb

3

2

1

Maternal mortalities avertedb

0

0

0

DALYsd averted

241.6

142.8

98.8

Costsa (US $)

Effectsa
Couple-years of protection
Pregnancies averted

a

b

Costs and effects are calculated per 1000 users.

b

Rounded to the nearest whole.

c

U5: under five.

d

DALYs: disability-adjusted life-years.

Table 4. Base case incremental cost-effectiveness ratio (ICER) results for the MOTIF (MObile Technology for Improved Family planning) intervention.

a

Effect

ICER (US $ per unit of effect)

Couple-years of protection

15.75

Pregnancies averted

45.22

Abortions averted

79.33

U5a mortalities averted

7659.96

Maternal mortalities averted

—b

DALYsc averted

82.57

U5: under five.

b

No maternal mortalities were estimated to have been averted in either arm; therefore, no ICER calculation is possible.

c

DALYs: disability-adjusted life-years.

Results of the deterministic sensitivity analysis are presented
as a tornado plot in Figure 3. The base case model was most
sensitive to personnel costs, costs for phone calls and voice
messages, the uptake and delivery of long-acting contraceptive
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methods (IUD or implant), and the percentage added to reflect
overhead costs. For all parameters, the ICER estimated using
upper and lower range values fell within the cost-effectiveness
threshold range.
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Figure 3. Tornado plot of deterministic sensitivity analysis using MOTIF intervention model parameters. For each parameter, the ICER was recalculated
taking the upper and then lower deterministic range value. ICER ranges are centered on the ICER point estimate of US $82.57 per DALY averted.
DALYs: disability-adjusted life-years; ICER: incremental cost-effectiveness ratio; IUD: intrauterine device; MOTIF: MObile Technology for Improved
Family planning; MSIC: Marie Stopes International Cambodia; OC: oral contraceptive.

Simulations recorded for probabilistic sensitivity analysis are
presented on the cost-effectiveness plane for DALYs averted
and CYPs in Figures 4 and 5. Results for the two measures of
effect appear very similar, albeit on a different horizontal scale,
because the Impact2 modelling tool estimates approximately
five times the number of CYPs achieved as DALYs averted,
for any set of randomized inputs. On the plane for DALYs, most
simulations lie within the cost-effectiveness threshold range.
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CEACs for the two measures of effect are shown in Figures 6
and 7. The CEAC measured per DALY averted shows that the
intervention has an 11% probability of being cost-effective at
the lower end of the cost-effectiveness range (US $58) and a
95% probability at the upper end of the range (US $176). A
50% probability of being cost-effective would be achieved at a
cost-effectiveness threshold of US $83 per DALY averted and
about US $16 per CYP.
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Figure 4. Monte-Carlo simulation results plotted on the cost-effectiveness plane, with effects measured in DALYs averted. Linear demarcations of the
upper and lower bounds for the cost-effectiveness threshold for DALYs averted are included for comparison. DALYs: disability-adjusted life-years;
MOTIF: MObile Technology for Improved Family planning.

Figure 5. Monte-Carlo simulation results plotted on the cost-effectiveness plane, with effects measured in CYPs. CYPs: couple-years of protection.
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Figure 6. Cost-effectiveness acceptability curve derived from Monte-Carlo simulations of MOTIF intervention results, with effects measured in DALYs
averted. DALYs: disability-adjusted life-years; MOTIF: MObile Technology for Improved Family planning.

Figure 7. Cost-effectiveness acceptability curve derived from Monte-Carlo simulations of MOTIF intervention results, with effects measured in CYPs
averted. CYPs: couple-years of protection; MOTIF: MObile Technology for Improved Family planning.

Average costs from a user perspective and cost-effectiveness
from a provider perspective, with either 50% or no user fees,
are compared with costs and cost-effectiveness from a societal
perspective in Table 5. With decreasing user fees, the average
cost to users participating in the MOTIF intervention decreased
from US $15,906.83 to US $8772.00 per 1000 participants (from
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80% to 44% of the cost of the program from a societal
perspective). The ICER from the provider’s perspective
increased from US $57.72 to US $77.58 per DALY averted.
With the removal of user fees and by considering the provider
perspective, the MOTIF intervention remained within the range
of cost-effectiveness thresholds for Cambodia.
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Table 5. Costs for users and providers in scenarios involving variable user fees.
Base case

Scenario 1 (50% user fees)

Scenario 2 (no user fees)

Societal perspectivea

Total cost per 1000 participants, user perspective (US $)b
Intervention

15,906.83

12,339.41

8772.00

19,986.56

Standard care

13,451.28c

10,864.97

8278.66

11,826.07

Incremental

2455.55

1474.44

493.34

8160.49

ICERd, provider perspective (US $ per unit of effect)b
Couple-years of protection

11.01

12.91

14.80

15.75

Pregnancies averted

31.61

37.05

42.49

45.22

Abortions averted

55.46

65.00

74.54

79.33

U5e mortalities averted

5355.02

6275.95

7196.88

7659.96

Maternal mortalities averted

—f

—

—

—

DALYsg averted

57.72

67.65

77.58

82.57

a

Costs and ICERs from a societal perspective are included for reference. These results remain constant in each scenario, as the user fee represents a
transfer from users to providers, but a net zero change from a societal perspective.
b

Results are presented as total cost (direct and indirect) from a user perspective and ICER from a provider perspective to reflect the outcome of interest
for the respective groups. Changes in demand resultant from the imposition of user fees have not been modelled as part of the scenario analysis.
c

Under standard care with 100% user fees, the program provides income to providers.

d

ICER: incremental cost-effectiveness ratio.

e

U5: under five.

f

No maternal mortalities were estimated to have been averted in either arm; therefore, no ICER calculation is possible.

g

DALYs: disability-adjusted life-years.

Discussion
Principal Findings
This study demonstrates that the cost-effectiveness of the
intervention delivered by mobile phone assessed in the MOTIF
trial lies within the estimated range of the cost-effectiveness
threshold for Cambodia. When assessing value in interventions
to improve the uptake and adherence of family planning
services, the use of interactive mobile phone messaging and
counselling for women who have had an abortion should be
considered as an option by policy makers. The MOTIF trial
demonstrated that women randomized to an intervention
delivered by a mobile phone were more likely to use long-acting
contraceptive methods. Although these methods are known to
be more cost-effective, the results of this study extend the
evidence to show that an intervention delivered by a mobile
phone favoring these methods is itself cost-effective.

derived cost-effectiveness threshold ranges, which are intended
to realistically reflect what health systems are willing to pay
[29,30]. We also included scenario analyses relating to the
application of user fees for family planning services. Together,
the design and results of this analysis might provide useful
information when adapting the findings of the study to
implementation, where affordability for public sector providers
is likely to be an important factor.
Another strength of the study lies in the timely and important
contribution to the literature linking innovations in mobile
phone–based delivery with the delivery of family planning
services. With the proliferation of mobile technology in the
most rural and remote areas of the globe, there is great
opportunity for harnessing mobile technology to reach women
with life-saving health information. This study adds to the
emerging body of knowledge about how to most effectively
and efficiently achieve this aspect.

Strengths of the Study

Limitations of the Study

This study has several strengths. Many of the cost and effect
parameters are derived from trial and intervention delivery data
rather than estimates from the literature, therefore improving
the external validity of cost-effectiveness estimates within the
Cambodian context. The use of the Impact2 model allows for
replicable measurements of effects and comparison across
studies. The cost-effectiveness estimates of the base case, the
deterministic sensitivity analysis, and 96% of the probabilistic
simulations fell within the chosen range of cost-effectiveness
thresholds, and the threshold range was drawn from empirically

Deterministic testing indicated that estimated ICERs were
particularly sensitive to counsellor personnel costs, estimated
as a product of salary and time. However, these time estimates
were not collected systematically, and they do not account for
a run-in period of lower efficiency. Our estimates are therefore
most relevant to a scaled-up intervention or a scenario where
support by mobile phone is added to existing activities, for
example, an established call center, where run-in time is reduced
to a minimum. Process evaluations (unpublished) of the MOTIF
trial intervention suggested that the link to a counsellor who
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could make an appointment if requested was a key to the success
of the intervention, so programmatic implementation of a similar
intervention should include these components. Although a
component of training time was included in costs to deliver the
intervention, the cost of ongoing technical support and training
was not included. Sensitivity testing also indicated that the
proportion of overheads attached to personnel costs produced
a large change in ICER in comparison with other parameters.
Overheads were not estimated as individual unit costs as part
of the study, and thus, the approximation of overheads as a
proportion of personnel costs could be improved.
Many of the cost parameters were estimated by personal
communication with MOTIF study authors and staff, limiting
the external validity of our results in other regions of Cambodia.
Further, a range of 50% above and below the point estimate
was used for sensitivity analyses. This was intended to capture
a broad range of uncertainty in estimated costs, although it still
may not accurately represent the cost of family planning services
elsewhere in the country.
In the MOTIF trial, contraceptive use outcomes were
self-reported by participants. Although this is the standard in
family planning research, self-reported measures have been
shown to overestimate contraceptive use and are susceptible to
recall bias [31]. These outcomes were used as inputs for the
Impact2 model, so the effects estimated using this model would
be affected in a similar way to contraceptive use outcomes in
the MOTIF trial.
The Impact2 modelling tool is based on a number of
assumptions linking contraceptive service provision to health
outcomes. Although these assumptions are founded in a strong
evidence base, the evidence is drawn from the survey data of
all women of reproductive age, and it is possible that patterns
of contraceptive use and decision-making behavior might differ
in a postabortion population. Although the model settings for
Cambodia were used and the modelled population was adjusted
to match the age distribution of participants in the MOTIF trial,
it is possible that differences between the trial population and
the population used to inform the Impact2 model, for example,
the socioeconomic distribution, might result in errors. The
authors of the Impact2 methodology note that estimates of
under-5 mortality may be particularly unreliable owing to
limited data on linkages among contraception use, birth spacing,
and child mortality [20]. Despite these limitations, CYPs and
DALYs are well-known measures of effect, and a focus on these
outcomes increases the interpretability of this study in
comparison with other interventions.

Comparison With Existing Research
There is extensive related literature in the areas of mobile health
(mHealth) and economic evaluation [32,33], of which, a number
of studies relate specifically to family planning interventions.
In a 2016 study by Mangone et al, a modelling approach was
used to estimate the costs of a scaled-up mHealth intervention
for reproductive health in Tanzania. This did not include a
component of effectiveness; however, it did propose models
for cost recovery based on mobile phone charges, in which costs
were consistent with the findings of this analysis [34]. Zakiyah
et al conducted a systematic review of economic evaluations of
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family planning interventions in low- and middle-income
countries, identifying nine eligible studies, and in all of these,
family planning interventions were found to be highly
cost-effective [35]. There have been two systematic reviews of
mobile phone–based interventions for family planning services;
one focused on adults and the other focused on adolescents
[9,10]. Both these reviews identified limited but promising
evidence that mHealth interventions are effective for improving
uptake and adherence to contraception, noting that there was
sparse data from low- and middle-income countries. Our study
is consistent with these findings and adds an important piece
of economic evidence supporting the implementation of
interventions delivered by mobile phone for family planning in
these settings.

Implications for Future Research and Health Policy
With the proliferation of cheap and accessible mobile phones
and network access, even in rural and remote locations, there
is substantial interest in taking advantage of mobile innovations
to aid the delivery of family planning programs. The MOTIF
trial intervention, which was recently included as a digital
high-impact practice in family planning behavior change, is an
example of a scalable mobile innovation [36]. However, it is
difficult to make a case for scaled-up digital health interventions
without an assessment of cost-effectiveness. This study
demonstrates that the cost-effectiveness of the intervention in
the MOTIF trial lies within the range of the cost-effectiveness
threshold for Cambodia, thus supporting decision makers to
include mHealth interventions in future family planning policies
in Cambodia.
The sensitivity and scenario analyses included in this study
provide useful details for health policy makers. Personnel costs
and mobile phone costs have the greatest effects on the
cost-effectiveness of the intervention and provide a useful focus
for the business case that would accompany a scaled-up mHealth
intervention. The cost and effect parameters used in this analysis
were collected in a trial environment, whereas modest economies
of scale could be achieved with wider implementation, for
example, through automation of some call center tasks and bulk
pricing agreements with network operators. From a user
perspective, removal of user fees for services almost halved the
average cost per participant in the intervention group. The effect
of user fees on participation in family planning services was
assumed to be zero in this study. Although there is likely to be
some effect in practice, evidence from low- and middle-income
countries suggests that contraceptive services are inelastic with
respect to price [37]. These areas of uncertainty and opportunity
are all fruitful areas for further economic and operational
research.
Although this study provides useful evidence to support the
cost-effectiveness of the MOTIF intervention, research to test
and compare the cost-effectiveness of other interventions for
improving the uptake of postabortion family planning services
would improve the generalizability of this study to other settings.

Conclusion
This study demonstrates that the use of an intervention delivered
by a mobile phone to provide postabortion family planning
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counselling was cost-effective for increasing CYPs and for
preventing pregnancy and abortion. It also provides a basis for

Hill et al
further research on how this emerging technology can improve
access to family planning services.
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Abstract
Background: Recent studies have thoughtfully and convincingly demonstrated the possibility of estimating the circadian rhythms
of young adults’ social activity by analyzing their telephone call-detail records (CDRs). In the field of health monitoring, this
development may offer new opportunities for supervising a patient’s health status by collecting objective, unobtrusive data about
their daily social interactions. However, before considering this future perspective, whether and how similar results could be
observed in other populations, including older ones, should be established.
Objective: This study was designed specifically to address the circadian rhythms in the telephone calls of older adults.
Methods: A longitudinal, 12-month dataset combining CDRs and questionnaire data from 26 volunteers aged 65 years or older
was used to examine individual differences in the daily rhythms of telephone call activity. The study used outgoing CDRs only
and worked with three specific telecommunication parameters: (1) call recipient (alter), (2) time of day, and (3) call duration. As
did the studies involving young adults, we analyzed three issues: (1) the existence of circadian rhythms in the telephone call
activity of older adults, (2) their persistence over time, and (3) the alter-specificity of calls by calculating relative entropy.
Results: We discovered that older adults had their own specific circadian rhythms of outgoing telephone call activity whose
salient features and preferences varied across individuals, from morning until night. We demonstrated that rhythms were consistent,
as reflected by their persistence over time. Finally, results suggested that the circadian rhythms of outgoing telephone call activity
were partly structured by how older adults allocated their communication time across their social network.
Conclusions: Overall, these results are the first to have demonstrated the existence, persistence, and alter-specificity of the
circadian rhythms of the outgoing telephone call activity of older adults. These findings suggest an opportunity to consider modern
telephone technologies as potential sensors of daily activity. From a health care perspective, these sensors could be harnessed for
unobtrusive monitoring purposes.
(JMIR Mhealth Uhealth 2020;8(2):e12452) doi:10.2196/12452
KEYWORDS
outgoing telephone call; circadian rhythm; older adults; call-detail records; digital phenotyping; digital biomarkers; digital health;
mhealth

Introduction
Background
Circadian rhythms of activity—biological processes working
on 24-hour cycles—can be used to represent relevant temporal
http://mhealth.jmir.org/2020/2/e12452/
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markers in an individual’s life. They have two broad
characteristics: (1) at the endogenous level, they are regulated
by the brain’s suprachiasmatic nucleus (SCN), which can be
considered, at least partly, as the individual’s biological master
clock [1], and (2) at the exogenous level, regulation of the SCN
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is influenced by the entraining power of external time givers,
known as zeitgebers [2]. Zeitgebers can be social, such as meal
schedules [3] or work schedules [4], but they can also have a
physical origin, as evidenced by the effect of light, exposure to
which has a direct impact on an individual’s resting time [5].
In the field of health monitoring for older populations, the
analysis of circadian rhythms of activity represents an
increasingly important issue, one that may permit health care
professionals to more adequately address their patients’ needs,
treatments, and care [6]. Notably, by understanding their
patients’ lifestyle habits, health care professionals may be better
able to detect the possible occurrence of risky situations, such
as a sedentary lifestyle [7], fall accidents [8], or sleep
disturbances [9,10], that can have severe impacts on their health
status. In practice, this monitoring is often challenging because
the medical expert must be able to detect patients’ circadian
rhythms of activity in a precise way. In the field of health care
research, such promising approaches as actigraphy [11] have
been proposed recently to tackle this issue. Interestingly,
actigraphy has shown that it is possible to model older
individuals’ gross motor activities by means of wearable sensors.
Two recent reviews [8,12] on this subject notably described
how this approach offers unprecedented opportunities to enhance
traditional health care systems by using objective, inexpensive,
and easy-to-use sensors [8]. These record individuals’ daily
physical activities in a precise, real-time manner to help detect
risky behaviors [7], signs of cognitive dysfunction [13], or
severe events such as personal injury accidents [14], whose
occurrence may increase with age.
At a clinical level, however, current opportunities for using
actigraphy are limited. In older adults, although analysis of the
circadian rhythms of their physical activities is well served by
this approach, social activities have yet to be investigated. This
issue is all the more important in aging populations because
life—especially social life—is not purely physical, but is also
subject to particular social events, such as a relative’s death [15]
or the transition to retirement [16]; these events can be
associated with the occurrence of severe health issues in older
individuals, particularly illustrated by the phenomena of social
isolation and depression [17]. It is also important to stress that
social issues are not always reflected in an individual’s physical
activity, but they remain significantly important to health,
insofar as they can alter both the biological and social rhythms
of life [18]. Thus, complementary methods are required to
include the social aspects of older adults’ circadian rhythms of
activity if we wish to monitor their health adequately.

Prior Work
In today’s digital society, active and passive information
collection methods, such as digital questionnaires or call-detail
records (CDRs), generate vast amounts of data at high velocity
from our telephones. This offers an unprecedented opportunity
to capture and better understand the mechanisms of circadian
rhythms in social activities [19]. Because the telephone has
become such an integral part of our hyperconnected digital lives,
as well as our children’s lives, telephone data may contain
relevant information about the social interactions occurring
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throughout the day between individuals and their social
networks.
In the field of health monitoring, exploiting these data could
provide opportunities to enrich existing approaches that rely on
monitoring physical activity by using objective, noninvasive
data on social activity. This could also open up new research
perspectives for innovation within traditional health care systems
[20,21]. Interestingly, a recent literature review published in
JMIR mHealth and uHealth [21] focused specifically on the use
of CDRs provided by network communication operators.
Notably, following their qualitative analysis of 46 full-text
articles, the authors concluded on page 1 of the review that
CDRs’ “potential to be used as a means of improving health
care is increasingly promising” [21]. They further stressed
several advantages of using CDRs in health research, including
the ability to model individuals’ social behaviors by routinely
and passively collecting data, thereby bringing robustness and
effectiveness to surveys of individual telephone users. Moreover,
because of the telephone’s ubiquity [19], the authors of the
review stated on page 5 that using CDRs “does not preclude
those from low socioeconomic groups” [21].
Other studies specifically examining the circadian rhythms of
social activity have pointed to the possibility of estimating the
expression of those rhythms by analyzing the CDRs of
individuals’ telephone use [22-25]. A recent study from Aalto
University in Finland provided a relevant methodology for
estimating the circadian rhythms of social activity from the
telephone communications of high school students [22]. Its
authors analyzed an 18-month dataset for 24 adolescents,
combining mobile telephone calls and questionnaire data to
assess individual differences in the daily rhythms of mobile
phone call activity. The results and their consistency
demonstrated the existence of circadian rhythms in the outgoing
telephone call activity in this young population, as did their
alter-specificity (ie, in the way that callers, also named egos,
place their calls with their recipients, also named alters, over
the day). We should highlight that the studies mentioned above,
which provided their participants’ ages, targeted groups
consisting typically of students or young working adults [22-25].
Furthermore, as the authors themselves acknowledged [21] on
page 5 of their review, one limitation of CDR analysis involves
“the validity of study findings focusing on particular
demographics, since the extent of group representation is not
known” [21]. In other words, whether and how similar results
to those reported for healthy young adults [22] could also be
observed among other populations, including older adults, has
yet to be established.

Study Goals
This study was specifically designed to address the existence
of circadian rhythms in the telephone calls of older adults at an
individual level. In order to be able to compare this work with
the existing literature [22], we focused on three specific issues
in the following ways: (1) the existence of circadian rhythms,
by computing the hourly ratio of outgoing telephone calls made
by older individuals, (2) the consistency of such patterns, by
evaluating their persistence over time, and (3) their
alter-specificity, by using measures of relative entropy at a given
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time to analyze how callers allocated their communication time
across their social network throughout the day (ie, the variety
of alters communicating with their corresponding egos).

of their telephone contacts into one of five distinct social
categories: family, friends, associations, health care
professionals, and others.

Methods

This study and its corresponding experimental protocol were
submitted to the French Data Protection Authority (Commission
Nationale de l'Informatique et des Libertés [CNIL] registered
data protection officer, France Telecom 2011 No. 44). All
experimental methods were carried out in accordance with its
regulations, written informed consent was obtained from all
participants before data collection, and participant data were
anonymized to ensure privacy.

Data Collection and Volunteer Recruitment
Our dataset included 12 months of outgoing CDRs from 26
older volunteers in France: 20 women (77%) and 6 men (23%);
median age 84 years (range 71-91). CDRs provided by the local
network communication operator were collected from their
personal telephones. Each telephone CDR contains the date;
hour; source ID used (ego); destination user’s ID (alter);
direction, which is established here as outgoing; and call
duration in seconds. Individuals with several telephones
registered with their network communication operator (ie, one
or more landline telephones and/or one or more mobile phones)
provided outgoing CDRs for all of them. Note that although
CDRs contain both calls and text messages, this paper only
selected telephone calls, so as to facilitate comparison with
existing studies [22] in the literature. Also, once during the
study, participants also completed a questionnaire about the
contacts in their telephone social network. They classified each

Data Preprocessing
As participants did not all enroll in the survey at the same time—
thus, their dates of inclusion varied—the CDR dataset was
filtered to select the time interval when the greatest number of
older adults were actively participating. The CDR dataset was
then preprocessed, following the method described by Saramäki
et al [26], by selecting only the participants who used their
telephones throughout the entire 12-month observation period.
Therefore, the results cover a set of 21 individuals; see Table 1
for details.

Table 1. Structure of the call-detail records (CDRs) dataset before and after preprocessing.
Participant characteristics

Before preprocessing

After preprocessing

Total

26 (100)

21 (100)

Female

20 (77)

16 (76)

Male

6 (23)

5 (24)

Range

71-91

71-91

Mean (SD)

84 (4)

83 (4)

19,198

18,338

1st quartile

285

481

Median

590

710

3rd quartile

944

1096

Number of participants, n (%)

Age in years

Total number of outgoing calls
Average number of calls per individual

Data Analysis Procedures
Measuring the Circadian Rhythms of Outgoing
Telephone Call Activity
We followed the descriptive approach designed by Aledavood
et al [22], which consisted of calculating the circadian patterns
of the outgoing telephone call activity of our older adult
participants across the study’s entire 12-month dataset. This
two-step process consisted of the following: (1) coarse-graining
the time dimension into a unique day divided into 24 1-hour
time slots and (2) calculating the average frequency of telephone
calls for each time slot. We followed this approach at two
distinct population levels: (1) the aggregate level, to obtain a
concise overview of the dataset’s structure and trends and (2)
the individual level, to obtain the circadian patterns of outgoing
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telephone call activity for each individual. Distinguishing the
aggregate level from the individual level allowed us to avoid
an ecological fallacy [27] when interpreting the results.

Assessing the Consistency of Circadian Rhythms in
Outgoing Telephone Call Activity
Overview
For assessing the consistency of circadian rhythms in outgoing
telephone call activity, we followed an analytical approach
based on the notion of persistence, which was first introduced
for social signature analysis by Saramäki et al [26]. This notion
was subsequently applied to studies estimating circadian rhythms
[22-24]; the approach consists of comparing the stability of
estimated patterns at distinct, successive time points by
following three steps.
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Step 1: Temporal Discretization
Data were coarse-grained as previously done by other authors
[22]. Since the dataset contained 12 months of observations,
they were split into three successive 4-month periods named
T1, T2, and T3. Aggregating data into intervals of several
months enhanced the robustness of persistence analysis by
limiting the effects of short-term variations in call patterns [28].
This also reduced the probability of dealing with empty datasets.
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dissimilarity measure [27] (see Statistical Tools in the Methods
section).
First, we note Dself as a dissimilarity measure of the individual’s
circadian rhythms between two successive periods (see Figure
1, equation 1). We note that <Dself> is the average of Dself, (see
Figure 1, equation 2).

Step 3: Persistence Analysis

Second, a reference scale for further comparison was built for
each ego, calculating the JSD between each ego and all the other
egos in each period, T1, T2, and T3. We note Dref as a
dissimilarity measure between two circadian rhythms of two
distinct individuals in the same period (see Figure 1, equation
3). We note that <Dref> is the average of Dref (see Figure 1,
equation 4).

The persistence of each ego’s circadian rhythm was analyzed.
This consisted of, first, calculating the stability of each ego’s
call patterns between successive periods (T1, T2, and T3) and,
second, comparing this stability with a reference scale measured
by the square root of the Jensen-Shannon divergence (JSD)

Finally, the persistence of a given ego’s circadian rhythm was
assessed by comparing his or her average call pattern over time
with his or her average reference scale. Formally, an individual’s
circadian rhythm can only be found to be persistent if, and only
if, <Dself>/<Dref><1.

Step 2: Circadian Rhythm Calculation
The circadian rhythm of each ego’s outgoing telephone call
activity was calculated for periods T1, T2, and T3, as described
in the previous section.

Figure 1. Equations used in the manuscript.

Measuring Alter-Specificity in Circadian Rhythms
The alter-specificity in the circadian rhythms of outgoing
telephone call activity was investigated jointly using individuals’
CDRs and questionnaire data, as previously done by Aledavood
et al [22]. Concretely, the three following points were analyzed
according to the time of day: (1) the existence of specific hours
used for communicating with a specific alter, (2) the ratio of
outgoing telephone calls directed to each individual’s top 2
alters, and (3) the variation in telephone call durations between
individuals and their social networks.
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Assessing the Existence of Specific Hours for
Communicating With Specific Alters
For assessing the existence of alter-specificity in the circadian
rhythms of outgoing telephone call activity, we made a two-step
analysis of how each ego communicated with their alters
throughout the day.

Step 1: Temporal Discretization
We began by coarse-graining the time dimension into four bins
of equal duration—night (12 am-6 am), morning (6 am-12 pm),
afternoon (12 pm-6 pm), and evening (6 pm-12 am)—for each
ego and for periods T1, T2, and T3.
JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12452 | p.388
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Step 2: Alter-Specificity Calculation
For each ego, we analyzed the alter-specificity of outgoing
telephone call patterns over 24 hours during periods T1, T2,
and T3, comparing the alter-structure of the estimated circadian
rhythms with the alter-structure of a null model simulating total
randomness in alter-specificity. To do this, we estimated the
diversity of alters in each 6-hour bin for each ego and calculated
the associated relative entropies (see Statistical Tools in the
Methods section) during periods T1, T2, and T3. This
calculation involved two steps: Step 2a and Step 2b.

Step 2a: Origin Entropy Calculation
First, we calculated each ego’s origin entropy Horig in each
6-hour bin for periods T1, T2, and T3.

Aubourg et al
distributions (see Figure 1, equation 6, for its definition in a
discrete context).

Entropy Measures
Overview
The entropy construct consists of three successive steps: (1) the
origin entropy calculation measuring alter-specificity in the
original dataset, (2) the reference entropy calculation measuring
alter-specificity in a random dataset configuration [22], and (3)
the relative entropy calculation standardizing the original
entropy value in step 1 divided by the reference entropy value
in step 2 [22]. The steps are discussed more precisely as follows:
1.

Step 2b: Relative Entropy Calculation
Second, we obtained the relative entropy Hrel by normalizing
with Horig the average reference entropy <Href>, which resulted
from the null model. This null model works under the hypothesis
that no specific times are associated with telephone calls to
specific alters. Thus, a low relative entropy value, tending to 0,
indicates that there is significant alter-specificity in the call
pattern.

2.

Measuring the Specificity of Outgoing Telephone Calls
to the Top Two Alters
To investigate the rhythm of outgoing telephone calls from egos
to their 2 favorite alters, we analyzed how the 2 favorite alters
affected the circadian rhythm of the ego’s outgoing telephone
call activity. To do this, we selected each ego’s 2 most
frequently called alters for periods T1, T2, and T3 and for each
of the four time bins. Next, we calculated the corresponding
fraction of calls over each ego’s entire, 12-month, outgoing
telephone call activity.

Statistical Tools
Normalization
To visualize the peaks and troughs of each individual’s
telephone call activity, we normalized the daily ratio of their
calls to be contained between 0 and 1, which enables us to avoid
any excessive influence of extreme values on the graph’s colors.
To this end, we used a unity-based normalization formula [29].
Formally, let n be the number of participants included in the
study. Let (pi(t))i=1,k be the vector for the daily ratio of calls
during a period of length k for individual i, with k=23 and the
i range being {1...n}.
Thus, pi(t) is the ratio of calls made by individual i during hour
t, with the t range being {0...23}.
Then, for each element pi(t) of pi, we note pnormalised,i(t), its
normalized value (see Figure 1, equation 5).

Jensen-Shannon Divergence
The JSD is a measure of dissimilarity that compares two
probability distributions; it is a symmetrical, finite-value version
of the Kullback-Leibler divergence. Its square root can be used
as a metric for measuring the distance between two probability
http://mhealth.jmir.org/2020/2/e12452/

XSL• FO
RenderX

3.

The first step is the origin entropy calculation. This
measures the diversity of the alters called by each ego in
each of the four 6-hour intervals or bins during the day.
The frequency of outgoing calls from each older adult to
each of their alters is calculated separately for each 6-hour
interval. Then, an entropy value—the origin entropy
[22]—is calculated for each of these periods. This
calculation enables us to quantify the proportion of distinct
alters called by each older adult during corresponding
periods.
The second step is the reference entropy calculation. This
measures the diversity of alters called by each older adult
during the day using a random configuration, named the
null model, where there is no alter-specificity [22]. In the
null model, the original call frequency patterns and the
number of calls made to each alter are the same as in the
original dataset, but associations between alters and the
hour of calls are randomly shuffled so as to have no
particular alter-specificity.
The third step is the relative entropy calculation. This
compares the alter-specificity measurements obtained in
step 1 with the alter-specificity measurements of their
corresponding null models obtained in step 2.

In detail, this occurs for a given ego i, where i is between 1 and
n, and n=21 is the number of participants.

Step 1: Origin Entropy
Formally, let Ai={ai1...aim}, ego i’s set of alters, where m
represents the size of his or her telephone social network. We
define origin entropy at a given 6-hour interval t, as in equation
7 in Figure 1.

Step 2: Reference Entropy
We next define a null model, which simulates a system without
a specific alter-structure. The number of calls from ego i to each
alter is maintained, but the times of calls to their alters are
shuffled in order to simulate randomness in each 2-week period,
as done by Aledavood et al [22]. Next, for each 6-hour interval
t of the shuffled dataset, we calculate the corresponding
Horigin(i,t) as defined in step 1. The reference entropy is obtained
by iterating this process n=1000 times, as previously described,
and calculating the corresponding average Horigin for each time
interval.

JMIR Mhealth Uhealth 2020 | vol. 8 | iss. 2 | e12452 | p.389
(page number not for citation purposes)

JMIR MHEALTH AND UHEALTH

Step 3: Relative Entropy
To estimate the alter-specificity of the original system, we
normalized the origin entropy of ego i at each time interval t by
their previously calculated reference entropy:
Hrelative(i,t)=Horigin(i,t)/Hreference(i,t)

Results
There Are Circadian Rhythms in the Outgoing
Telephone Call Activity of Older Adults
This study’s results suggest the existence of circadian rhythms
in the outgoing telephone call activity of older adults at both
the aggregate and individual levels. At the aggregate level,
Figure 2 shows that the population’s average circadian pattern
of outgoing telephone call activity was marked by two distinct
peaks: one in midmorning, around 10 am, and one toward the
end of the day, around 6 pm. These twin peaks were separated
by a period of low activity in the afternoon, beginning at around
2 pm. The first activity peak, in midmorning, was higher than
a second peak that occurred at the end of the afternoon.
Interestingly, there was a small nocturnal activity peak at around
2 am, which was unusual with regard to the dataset’s marked
diurnal pattern.

Aubourg et al
First observations were subsequently refined by zooming into
the individual level. The results also highlighted the circadian
rhythms of outgoing telephone call activity for each participant
separately. Figure 3, A illustrates the different outgoing
communication patterns of a sample of 6 distinct egos from
night to evening. Individuals A and E showed a preference for
calling in the morning, whereas individuals B, C, and F preferred
the afternoons or evenings. In particular, we noted a potential
atypical pattern illustrated in Figure 3, A. Individual D displayed
a prominent and atypical nocturnal calling activity at around
2 am and, interestingly, it was directed to one specific alter.
To put these examples back into their context, we normalized
each ego’s hourly call frequencies between 0 and 1, where 1
was assigned to the maximums reached and 0 to the minimums
reached (see Statistical Tools in the Methods section). This
standardization enables us to avoid the visual distraction and
influence of extreme values, such as any particularly high peaks
in telephone call activity, when mapping frequencies on a graph.
Thus, the results are displayed on the comparative heat map of
Figure 3, B, synthetically illustrating the existence of the older
adults’ various circadian rhythms, from night to evening. It
seems that individual D was the only one leading a nocturnal
lifestyle, but this observation explains the small, atypical
nocturnal activity peak occurring at around 2 am at the aggregate
level (see Figure 2).

Figure 2. Aggregate-level circadian pattern of the outgoing telephone call activity of older adults. Bars represent the average hourly frequency of
outgoing telephone calls. Error bars represent the hourly standard deviations. The wide range of the 5% error bars indicates that average outgoing
telephone call activity differed significantly between individuals, especially at 2 am.
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Figure 3. Circadian patterns of outgoing telephone call activities at the individual level. Panel A. Individual circadian patterns of the outgoing telephone
call activity profiles of 6 distinct egos. Each small graph shows a specific ego. The black line represents the average circadian pattern of outgoing
telephone calls for the population, whereas the individual’s circadian pattern of calling is represented by a green or red area indicating higher or lower
outgoing telephone calls than the average. Panel B. Heat map showing 21 individual outgoing telephone call patterns. The entire population’s normalized
individual circadian patterns are shown aggregated onto one heat map. Each horizontal strip summarizes the circadian pattern of one ego, associating
each hour of the day with the corresponding ratio of outgoing telephone calls in appropriately colored boxes. The greater the ratio of outgoing telephone
calls, the brighter the corresponding box.

Circadian Rhythms of Outgoing Telephone Call
Activity May Be Consistent Among Older Adults
The consistency of the circadian rhythms calculated above was
confirmed by our persistence analysis (see Methods section for
details). Figure 4 displays the results of this analysis for all the
egos. The average self-distance Dself of all the egos is clearly
lower than their average reference distance Dref. More precisely,
on average, <Dself>=0.24 (SD 0.06), whereas <Dref>=0.38 (SD
0.07). Indeed, all the egos’ self-distances were lower than their
reference distances, which implies that their circadian patterns
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tended to retain their shape over time. These results were also
confirmed using Aledavood et al’s more statistical approach
[22]. We compared each ego’s successive circadian rhythms of
outgoing telephone call activity by using a Kolmogorov-Smirnov
comparison test. We obtained P values greater than .05 in all
42 cases (21 participants; Dself and Dref), implying that the case
for suggesting similarity between successive egos’ patterns
cannot be rejected. We also repeated the analysis by changing
the JSD measure for a classic Euclidean distance (L2), as
proposed by Aledavood et al [22], and drew a similar
conclusion. See Table 2 for details.
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Figure 4. Averaged persistence histogram. Red bars represent average reference distances and blue bars represent average self-distances for all the
egos. Blue and red dashed lines represent the average self-distance and reference distance for the entire population, respectively.

Table 2. Summary of the averaged √JSDa and Euclidian distance (L2) metrics for the entire population’s references and self-distances.

a

Measures

√JSD distance

L2 distance

Self-distance, mean (SD)

0.24 (0.06)

0.14 (0.04)

Reference distance, mean (SD)

0.38 (0.07)

0.23 (0.07)

JSD: Jensen-Shannon divergence.

Alter-Specificity Is Indeed Evidenced in the Circadian
Rhythms of Older Adults’ Outgoing Telephone Call
Activity
Overall, these results suggest the existence of alter-specificity
in the circadian rhythms of older adults’ outgoing telephone
call activity. This alter-specificity is reflected by the relative
entropy calculation, which indicates whether communication
with specific alters takes place at specific times of day. Figure
5, A illustrates the relative entropy results calculated for the 6
egos in Figure 3. In general, in this figure, the average entropy
of the population (black line) reveals that egos tend to have low
entropy values in the evening and at night but higher entropies
in the morning and afternoon. The results also imply that older
adults’ communications tend to be more focused on specific
alters in the evening. The figure nevertheless shows that this
trend does not hold for every participant, for instance, ego E.
These examples are put into context in Figure 5, B, which puts
all the individuals’ entropy values for periods T1, T2, and T3
onto one heat map. Although some egos clearly only made
outgoing telephone calls to a narrow range of alters, this
observation cannot be generalized over our entire population
of older adults. Moreover, although a relative entropy value
tending to 1 indicates a broad diversity of alters, as per
Aledavood et al [22], there are specific contexts in which a high
relative entropy value does not necessarily reflect the diversity
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of alters in the egocentric networks of our older individuals.
The appearance of such a context depends on the null model’s
ability for generating significant randomness (see Statistical
Tools in Methods section for details). If we consider an older
individual whose entire nocturnal outgoing telephone call
activity consists of a single call, this context should be evidenced
by a low origin entropy value tending to 0. Consequently, a null
model with a random structure should also logically provide a
low reference entropy value tending to 0. There is no way to
break down such detail because, by definition, the null model
affects individuals’ time associations but preserves the number
and time frequencies of calls. Thus, normalizing such a small
origin entropy value by such a small reference entropy value,
even when averaged, automatically makes the resulting relative
entropy value skyrocket toward 1. A similar mathematical risk
is attenuated by just a few more calls, but it will still exist if the
ego’s overall outgoing telephone call activity is predominantly
aimed at a few distinct alters. Thus, this paper’s notion of
relative entropy must be considered accurate for making
decisions about alter-specificity in a specific time interval. This
means a high relative entropy tending to 1 does not necessarily
imply the existence of a high diversity of alters in the ego’s
network. Instead, it does not let us conclude that there is a high
degree of alter-specificity. Additionally, Aledavood et al’s
description of relative entropy results [22] also points out other
originalities concerning this notion, such as its ability to exceed
1 in particular contexts.
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Figure 5. Relative entropy values at the individual level. Panel A. The relative entropy values of the same 6 individuals described in Figure 2 for the
night, morning, afternoon, and evening are calculated for the first, second, and third 4-month periods: T1 (red curve), T2 (green curve), and T3 (blue
curve), respectively. The black curve represents the whole population’s average relative entropy value over the three periods. Panel B. The heat map
summarizes all the relative entropy values of all 21 egos. The lower or higher the relative entropy, the brighter or darker the color assigned to it,
respectively. Missing values are assigned a grey color.

The results also suggest that the alter-specificity evidenced
above by the relative entropy may be associated with the older
adult’s 2 most frequently called alters. For example, Figure 6,
A shows the fraction of calls to the top 2 alters averaged at the
population level for the whole year (black line) against those
of the same 6 egos in Figures 2 and 4, averaged for periods T1,
T2, and T3. The population pattern in this figure reveals that
the fraction of calls to the top 2 alters reaches a maximum in
the evening and at night, and it decreases in the morning and
afternoon. It also seems proportionally inversed with the relative
entropy variation (see Figure 5, A). Interestingly, the aggregation
of the results of each individual’s top 2 alters in Figure 6, B’s
heat map seems to confirm this trend. We further evaluated this
trend by calculating the correlation between relative entropy
and the fraction of calls to each ego’s top 2 alters during each
6-hour bin. Of 21 egos, 11 (52%) showed a significant negative
correlation between entropy and the fraction of calls to their top
2 alters (P<.05); the 21-ego population average was close to
-0.87. These results confirmed that for 11 of the 21 egos, a low
entropy value correlated with a high fraction of their calls to
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their top 2 alters. No conclusions could be drawn for the other
10 egos.
Interestingly, by using questionnaire data, as did Aledavood et
al [22], we recorded additional information about the kinds of
telephone communications occurring between egos and alters
throughout the day, according to their social relationship and
the telephone call duration parameter. Two insights from these
results clearly stand out in Figure 7: (1) the duration of outgoing
telephone calls tended to be at a minimum at night and then
increased throughout the day to the evening and (2) on average,
egos communicated for longer with their restricted social
network (ie, family and friends) than with their wider social
network (ie, associations and health professionals). The longest
telephone calls between older individuals and their friends and
family occurred in the evenings. On the contrary, the duration
of telephone calls to health care professionals and associations
decreased throughout the day. This difference was not
surprising. Indeed, in France, associations and health care
professionals are not typically available by telephone after 5 pm.
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Figure 6. Fraction of outgoing telephone calls to top 2 alters at the individual level. Panel A. Each graph displays one participant’s fraction of calls to
their top 2 alters during the night, morning, afternoon, and evening, calculated for periods T1 (red curve), T2 (green curve), and T3 (blue curve). The
black curve represents the average fraction of calls to the top 2 alters of the entire population over the three periods. Panel B. These heat maps summarize
the fractions of outgoing telephone calls going to the top 2 alters of each of the 21 egos. High fractions are assigned brighter colors, whereas low fractions
of calls are assigned darker colora. Missing values are assigned the color grey.

Figure 7. Aggregate-level average call duration throughout the day. Curves represent average call durations from egos to their families (red curve),
friends (green curve), health care professionals (purple curve), and clubs or associations (blue curve).

Discussion
Principal Findings
Because studies to date on the circadian rhythms of telephone
telecommunications at the individual level have focused
especially on young individuals [22-25], we investigated
whether similar results could be observed among older adults.
We focused on a combination of CDRs and questionnaire data
http://mhealth.jmir.org/2020/2/e12452/
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to examine a small sample of participants aged 65 years or older
(n=21). Our analysis was based on CDRs of their outgoing calls
over 12 consecutive months and was restricted to three specific
telecommunication parameters: (1) the telephone call recipient
(alter), (2) the moment in time, and (3) telephone call duration.
Additionally, we evaluated questionnaire data collected from
participants on their level of closeness with their alters, classified
into the four broad categories of (1) friend, (2) family, (3)
association, and (4) health care professional. To be able to
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compare our results with those in the existing literature, we used
the methodology proposed by Aalto University [22] and focused
on three specific issues: (1) the existence, (2) the consistency,
and (3) the alter-specificity of the circadian rhythms of outgoing
telephone call activity among older adults.
Overall, results showed that older adults had their own specific
circadian rhythms of outgoing telephone call activity; salient
features varied between individuals, with different preferences
involving calling from morning to night and throughout the day
(see Figure 2). It was subsequently demonstrated that these
circadian rhythms of outgoing telephone call activity were also
consistent, as reflected by their persistence over time (see Figure
3). Our investigation of the alter-specificity of these rhythms
showed that they seemed partly structured by how older adults
allocated their communication time among their social network.
Indeed, on average, the relative entropy calculations and the
older adults’ ratios of calls to their top 2 alters (see Figures 4
and 5) suggested that, although the evening and night were
mostly reserved for a few specific alters, the morning and
afternoon were more likely to be used for calling their wider
social network. In addition to this temporal factor, the nature
of telephone communications also seemed to be influenced by
the social relationships between egos and their alters. Indeed,
the average call duration in this older adult population was much
higher for conversations with friends or family than with
contacts in associations or health care. Call duration also varied
throughout the day, with shorter calls in the morning and
afternoon and longer telephone conversations occurring in the
evening and at night.
Taken together, these findings provide the first support for the
hypothesis that telephone CDRs can provide fine-grained data
whose analysis can help to estimate older individual’s circadian
rhythms of telephone call activity. These circadian rhythms
notably influenced the way individuals interacted with their
social network over 24 hours, which may have been a
demonstration of appropriate social sensibility [30]. Sensibility
is linked to the concept of intentionality [30] and may rely, in
this paper, on the older adult’s ability to efficiently organize
and prioritize their communication time throughout the day.
This efficient organization may be reflected by at least two
evident observations: (1) telephone calls to medical professionals
generally took place early in the day, when they were most
readily available, instead of in the evening, an unfavorable time
for business interactions, and (2) calls to friends and family
generally occurred in the evening, when they were more likely
to be available and responsive. For retired people, this second
point could reflect the fact that family and friends have social
constraints of their own, such as work schedules, household
tasks, or childcare duties, making them unwilling to accept
being disturbed as their days begin. Thus, based on social
sensibility, particular changes in the circadian rhythms of
telephone call activity, such as persistent attempts to call friends
and family in the morning and health care professionals in the
evening, may be representative of a behavioral drift. This drift
may be a valuable indication of a disruption to their ability to
organize or prioritize social calls throughout the day. Three
points thus stand out:
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At the social level, these findings suggest that the results
of recent studies on young populations could be extended
to older ones [22]. A relevant perspective for future studies
surely lies in increasing the sample sizes of the populations
studied to compare these results against findings with
greater statistical power.
At the health monitoring level, telephones have the potential
to become sensors of older adults’ daily social activities.
The valuable data they generate about older adults’ social
lives, such as how they communicate with relatives and
health care professionals over time, promises future
innovative monitoring methods. Information collected
objectively and noninvasively could provide health care
professionals with behavioral insights about their patients
in the form of alerts. Direct reflections of an individual’s
telephone call activity [31] may help those professionals
to better prevent the occurrence or worsening of certain
severe health issues, such as social isolation or depression
[17]. Clinicians might also use older individuals’ circadian
rhythms of social activity or social sensibility timing to
determine the best time of day to send health care prompts
and information or set up individual telephone consultations
by targeting hours when patients are more inclined to
respond [32]. Enhancing the synergies between health care
professionals, patients, and new monitoring technologies
[33] could help to reinforce preventive, participative,
pluri-expert, predictive, and personalized (5P) medicine
[34].
At the clinical level, the information on social activity
provided by CDRs could be harnessed to complement
existing innovative approaches to monitoring physical
activity, such as actigraphy [11,35], to provide a complete
picture of older adults’ daily activities. They could also
enrich traditional methods of clinical practice, such as health
questionnaires requiring the patient’s active participation
at a given time, by means of passive daily data collection
that requires no supplementary effort from the patient.

It is also important to mention that in the field of health research,
the methods designed by Aledavood et al [22] and used in this
paper could provide a methodology for measuring the quality
of CDRs. This is a challenging point given that the numerous
studies investigating correlations between specific health issues,
such as depressive symptoms [30], and daily behaviors measured
using telephone data have (1) shown significant but
contradictory results [36] and (2) not yet had their discrepancies
explained. Hence, by assessing the consistency of the observed
phenomena in such studies, persistence analysis could be an
interesting means of addressing these two points together.
Telephones and the methodology used in this paper may provide
an innovative, relevant future direction for the field of health
monitoring of older adults. However, before classifying the
telephone as a valid clinical sensor of social activity in older
populations, a number of caveats and limitations should be
considered.

Limitations
First, any rapid, straightforward generalization of our results
should be avoided because of the small sample size of 21 older
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adults remaining after the data preprocessing step. This small
sample means that our results could suffer from an as yet
unquantified selection bias. Our interest in working with a small
sample of individuals lies in the opportunity to collect, monitor,
and analyze individual datasets of significant richness, mixing
behavioral observations with social information over a long
period of time. The added value of a study with such a dataset
configuration is not the generalization of results but rather the
acquisition of significant insights for future studies of big data
[22].
Because we followed our preprocessing step precisely
[26]—also used for circadian rhythm estimation methodology
in telephone calls [22]—our data may have been open to another
selection bias. Of our 26 initial participants, only those who had
been active throughout the observation period were selected,
as in previous studies [26]. Individuals whose telephone call
activity ceased for any given reason were excluded from this
study. On the one hand, filtering was justified because it
separated viable participants from those who had encountered
specific problems, such as changing telephones, changing
telecommunications operators, or a desire to withdraw from the
study for personal reasons. On the other hand, the preprocessing
step could prove problematic in some cases because a lack of
information could be a source of information in itself [37]. This
is the case when missing values result from a change in
individual behavior caused by a given event or a set of events,
such as an accident, a disease, anxiety, depression, or social
isolation. Consequently, excluding individuals from the study
because of an absence of telephone call activity automatically
introduced a clear selection bias into our analysis. Thus, we
have to mention that our results only stand for older individuals
who showed telephone call activity throughout the entire
duration of the study.
Finally, our results did not indicate that the circadian pattern of
outgoing telephone call activity of any individual was a
manifestation of their complete inherent circadian rhythm.
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Telephone call patterns should only be interpreted as an insight
into an individual’s overall behavior, one that allows us to draw
a first draft of their true inherent circadian rhythm. In today’s
hyperconnected society, individuals can have social interactions
through multiple communication media: telephone calls, text
messages, or virtual social networks. A relevant way to enhance
the robustness of circadian estimation could be to combine
outgoing telephone call patterns with other sources of data (eg,
incoming calls, text messages, and location data) and, more
generally, to attempt a multidimensional analysis based on active
and passive temporal data from telephones [38]. In the last few
years, combining such data at the individual level has led to the
birth of totally new domains of research [39]. For instance, in
health, the digital phenotyping concept [40] attempts to surpass
the expectations of classic individual actigraphy by mixing
active and passive data generated by everyday tools like mobile
phones [41]. Actigraphy typically presents such obvious
disadvantages as the perceptions that it is both too invasive for
patients with regard to medical protocols and too vague with
regard to their social situation. Using a mobile phone as a
multi-sensor can eliminate the costs of multiple external
actigraphy devices, and this everyday object eases patients’
concerns about health care monitoring. A recent study [42] even
reported that patients were more likely to share their suicidal
thoughts with a mobile phone app than with their own
psychiatrist.

Perspectives for the Future
As other authors have mentioned [22], it would be interesting
for future studies to compare individuals’ incoming and outgoing
communications with their social network. This could be all the
more important in health care contexts given that disruptions
to an individual’s social interactions may be the sign of such
severe health issues as depression [17]. With this in mind, we
have immediate plans for a follow-up study comparing incoming
and outgoing telephone calls in the hope of revealing any
synchronous or asynchronous phenomena at the individual level.
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