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Abstract

Background: The use of text messages (short message service, SMS) to change physical activity and sedentary behavior in
youth is of interest due to the need for novel, more effective intervention approaches. Previous reviews have examined a variety
of technology-based interventions and their impact on different health behaviors, but evidence regarding the impact of just SMS
on physical activity and sedentary behavior is lacking.

Objective: Theaim of this study was to assess the effectiveness and use of theory of SMSinterventions for improving physical
activity and sedentary behavior in youth.

Methods: Authors systematically searched electronic databases from March to November 2017. Citations were sifted using
additional reviewers, and a qualitative synthesis of eligible studies was conducted using piloted data extraction forms. To be
eligible for inclusion, studies had to be of a randomized controlled or quasi-experimental design, incorporate SMS, involve
adol escents between the ages of 10 and 19 years, and assess at least one physical activity or sedentary behavior outcome. Risk
of bias was assessed using the Cochrane Collaboration’s Risk of Bias tool.

Results: A total of 13 studiesreporting 11 interventions were included in the qualitative analysis. Studiesincluded interventions
that were conducted in schoals, online, or face-to-face. Studieswere of high heterogeneity with regard to study duration, participant
characteristics, intervention content, and outcome measures. Findings were equivocal with regard to intervention effectiveness
for physical activity and sedentary behavior. Overall, 7 interventions resulted in an improvement for physical activity and 6 for
sedentary behavior. All studies were judged to be of high risk of biasfor at least 1 item.

Conclusions: Some studiesin this review showed promising results for using SM S to improve physica activity and sedentary
behavior in youth. High heterogeneity of design and outcome measures precluded data pooling and conclusions as to which
specific intervention elements are linked to increased effectiveness cannot be drawn. The authors propose incorporating the
following elementsin future studies: specific focus on desired health behavior; mixed-methods design; include long-term foll ow-up;
include self-monitoring, goal setting, and feedback; combine SMS with a mobile app; and send 3 or more SMS text messages
per week. Morerigorous studies are needed to expl ore the rel ationshi p between intervention effectiveness and specific intervention
components such as content and delivery.

(JMIR Mhealth Uhealth 2018;6(9):€10799) doi:10.2196/10799
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Introduction

Physical Activity and Sedentary Behavior

Participating in sufficient levels of physical activity (PA) is
essential to reduce the risk of al-cause mortaity and
cardiovascular disease[1,2]. For adolescents, it isrecommended
that they undertake at least 60 min of moderate to vigorous PA
(MVPA) per day [3]. Unfortunately, few adhere to these current
activity recommendations with adolescence characterized by
declining PA levels in conjunction with increased sedentary
time, despite calls for sedentary time to be minimized [4]. For
instance, findings from Europe suggest that 83.2% of the
adolescents aged 11 to 17 years do not achieve a minimum of
60 min of MVPA per day, whereas globally, it has been
estimated that 80.3% of adolescents are insufficiently active
[5]. Moreover, global data suggest that adolescents spend 57%
of their time in sedentary activities, with 40% of adolescents
spending 3 or more hours watching television on weekdays,
increasing up to 50% on weekends [6,7]. These findings are
particularly concerning as sedentary behavior (SB) isassociated
with various aspects of poor psychological and physiological
health and all-cause and cardiovascul ar disease-rel ated mortality
[8-11]. Conversely, increased PA improves adiposity, blood
lipid profile, blood pressure, insulin resistance, aerobic fitness,
and bone health [12] while also reducing premature all-cause
mortality [13]. Given these relationships, both SB and PA are
important therapeutic targets to reduce lifestyle-induced
noncommunicable diseases and especially during adolescence,
as behaviors developed in younger ages are likely to continue
into later life [14,15]. Given the inconsistent success of
traditional intervention approaches, thereis aneed for research
to generate new strategiesto modify physical inactivity and SB
[16].

Mobile Health

Mobile health (mHealth) which draws upon mobile devicesfor
health-related apps has emerged as a promising tool for
health-related behavioral interventions[17]. Mobile phonesare
used by all age groups, with more than 90% of UK children
aged 12 to 15 years currently using them [18]. Such high usage
suggests that these mobile devices may offer a cost-effective
and acceptable means for delivering health behavior change
interventions that can fit within people’s everyday lives and
have population-wide reach. Unsurprisingly, mHealth
approaches are also being used to provide health care services
worldwide, including Africa, Asia, and South America[19]. In
the United Kingdom, the National Health Serviceisemploying
the SM S (short message service) text messaging system Florence
to support patients in monitoring, managing, and improving
their health [20]. mHealth systems can also be used to send
appointment or medication reminders to support health care
workers by providing training, decision making, and
communication toolsaswell asto implement health promotion
and educational interventions[19,21]. However, thereis alack
of evidenceregarding the effectiveness of mHealth interventions
on behavior changes and health outcomes [19,22,23].
Unfortunately, research that has examined the effects of SMS
interventions on PA and SB in youth is also scant.

http://mhealth.jmir.org/2018/9/e10799/

Ludwig et a

Previous systematic reviews and meta-analyses involving
adolescents have included a variety of technologies, such as
apps, email, video games, and websites when reviewing the
evidence on the most effective means of improving PA and SB
[24-32]. However, none of these reviews have assessed the
effectiveness of SMS in isolation. Moreover, reviews have
included a number of outcomes such as disease state or
medication adherence [25,33-36] and have focused on several
different health behaviors, such as smoking and diet
[25,27,29-32,34]. As such, evidence that has examined the
efficacy of mobile devices to influence PA and SB is lacking.
Furthermore, and to the best of our knowledge, existing
systematic reviews and meta-analyses involving adolescents
and SMS as a means for improving PA and SB have not
explored the use of theoretical frameworks [24,30-32,34-37].

Theoretical Frameworks

As evidence has shown the increased effectiveness of health
interventions using a behavioral theory framework [38,39], it
is surprising that many interventions have been developed
without a proper underpinning theory. Even in those studies
that suggest their intervention was informed by appropriate
theory, the specific application of theory often remains unclear
[40,41]. In addition to evauating the evidence of the
effectiveness of interventions using mobile phonesfor improving
PA and SB, it isimportant to evaluate the theory and behavior
changetechniques (BCTs) that have been used to devel op these
interventions. Providing thisinformation is essential for health
care practitioners to ensure that future mHealth interventions
are effectively implemented.

Aims

To provide this evidence, this review aimed to systematically
identify mHealth studies that have been developed to increase
PA levels and to reduce SB in adolescents. A subsequent aim
was to identify the theory and BCTs used in these studies.
Findings from this review are expected to provide an insight

into the development of future mHealth interventions to
maximize their effectiveness.

Methods

Data Reporting

All dataare reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses statement
guidelines [42].

Eligibility Criteria

Experimental (randomized controlled trial or quasi-experimental
design) studies were included if they involved or reported data
separately for participants between the ages of 10 and 19 years
with or without known morbidities; used SMS via a mobile
phone within the intervention, both in addition to other
intervention components or on its own; employed usual care,
another intervention, or no intervention as comparator; and
assessed at | east one outcomerelated to PA or SB. All outcomes
related to PA and SB, such as step count, moderate PA (MPA),
and screentime, aswell asall subjective and objective outcome
measures were eligible for inclusion.
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Furthermore, only studies that were written in the English
language and where full text was available were included.
Studies were excluded if they solely used other technologies
such as apps, websites, or email.

I nformation Sources

A systematic search of the following electronic databases was
conducted in March 2017 and updated in November 2017: Web
of Science (coverage 1864-2017), PubMed (1809-2017),
MEDLINE (1946-2017), Cumulative Index to Nursing and
Allied Health Literature Complete (1937-2017), PsycINFO
(1800s-2017; not available for search update and replaced by
PsycARTICLES 1894-2017), and SPORT Discus (1930-2017).
All databases except PubMed (November 7, 2017) were last
searched on November 8, 2017. During the initial search, KL
searched hibliographies and contacted corresponding authors
of eligible studies. Bibliographies of existing systematic reviews
and meta-analyses identified during the initial search process
were also screened for eligible studies [24-37,43,44].

Search

Search terms and combinations of the el ectronic database search
are shown in Table 1.

Study Selection

Study citations from the electronic search were imported into
the reference manager software Zotero (Version 5.0, onlineand
standalone). KL manually removed duplicates. For the initial
search, KL and HF independently screened titles and abstracts
of all remaining studies. Following the search update, KL and
DSB independently reviewed new titles and abstracts with the
full texts of relevant titles obtained to confirm eligibility. KL
and HF (DSB for search update) discussed discrepancies until
consensus was reached. KL hand-searched bibliographies of
eigible studies and contacted corresponding authors for
additional manuscripts. All eligible studies were then included
in the qualitative analysis.

Data Collection Process

Data extraction was conducted based on the Cochrane
Collaboration’s Data Extraction Template for Included Studies
(Version 1.8) [45]. Items of interest for this review such asthe
content of SMS and interactivity were added to the Cochrane

http://mhealth.jmir.org/2018/9/e10799/
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Data Extraction Template. KL piloted the updated template on
2 randomly chosen studieseligiblefor thisreview. Subsequently,
the piloted form was revised where necessary. Thereafter, KL
and HF (DSB after search update) independently extracted
required datausing the revised form. Extractionswere compared
and discussed until consensuswasreached for all items. Content
was then synthesized for analysis.

Data ltems

Data extracted included (1) general study information (such as
country, aims, and target health behavior); (2) methods (such
as study design and duration of intervention); (3) participants
(such as popul ation description, number recruited, age, sex, and
health status); (4) intervention and control groups (such asname
of group, number of participants randomized, intervention mode,
content, use of theory, message content, frequency, device,
interaction, and adherence); (5) outcomes (assessed PA and SB
outcomes, method of PA/SB outcome assessment, timing of
PA/SB outcome assessment); (6) results and conclusion
(including additional results information and relevant
conclusions); (7) other information (including funding source
and conflicts of interest). Where data were missing or
clarification was sought, study authors were contacted. Where
multiple studies reported on multiple follow-up periods or
outcomes of the same intervention, outcomes from the longest
follow-up time point available for each outcome were extracted.

Risk of Biasin Individual Studies

Assessment of risk of bias was conducted at study level. KL
and HF (DSB after search update) reviewed all included
manuscripts using the Cochrane Collaboration’s risk of bias
assessment tool [46]. KL employed this assessment tool using
RevMan (software, version 5.3). Dueto the nature of behavioral
interventions, blinding of participants and personnel is
challenging and rarely incorporated [47]. Thisitem wastherefore
not included in the assessment. The following remaining
domains were judged: selection bias (random sequence
allocation and all ocation conceal ment), detection bias (blinding
of outcome assessment), attrition bias (incomplete outcome
data), reporting bias (selective reporting), and other bias. KL
and HF (DSB after search update) ranked each item as high,
low, or unclear risk for each study and discussed discrepancies
until a consensus was reached.
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Table 1. Electronic database search terms and combinations. Asterisks were used to search for words beginning with these letters.

Category Search term
I ntervention mode

1 “mobile phone”

2 smartphone

3 “cell phone”

4 “handheld device”

5 text messag*

6 sus?

7 “messag* service”

8 “messaging system”

9 mHealth

10 telehealth

11 “online health”

12 e-Hedlth

13 eHedlth

14 “mobile health”

15 “digital media’

16 ICcTP

17 (1-16) combined with OR
Study design

18 “randomised controlled”

19 “randomized controlled”

20 RCTd

21 “controlled trial”

22 quasi-experimental

23 (18-22) combined with OR
Participants

24 adolescen*

25 youth

26 “young people’

27 “young adult*”

28 child*

29 paediatric

30 pediatric

31 teen*

32 “school age”

33 “school-aged”

34 highschool

35 “secondary school”

36 (24-35) combined with OR
Behavior

37 activity

http://mhealth.jmir.org/2018/9/e10799/ JIMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 [e10799 | p.6
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Category Search term
38 sport
39 exercise
40 health*
41 “behaviour change”
42 lifestyle
43 sedentary
44 sitting
45 (37-44) combined with OR
46 (17,23,36,45) combined with AND

85M$S: short message service.
BICT: information and communication technol ogy.
®RCT: randomized controlled trial.

Results

Study Selection

The electronic database and hand search produced 5565 and
266 studies, respectively. After removal of duplicates, 2365
studies were screened. A total of 2295 records were excluded,
and 70 full-text articles were assessed. Moreover, 13 eligible
full-text articles assessing 11 different interventions remained
and were included in the qualitative analysis. A flowchart of
the systematic literature search is displayed in Figure 1.

Study Char acteristics

Study characteristics of included studies are shown in Tables 2
and 3. A total of 12 studies targeted PA [48-59] and 7 targeted
SB [48-51,54,59,60]. Additionally, most studies also focused
on dietary behaviors[49-52,54,57,59,60].

Some studies focused on participants with specific
characteristics, including those not meeting current PA
guidelines [48,53], not participating in physical education
lessons or organized sports [54], having type 1 diabetes [56],
being at high risk for diabetes [57], having a body mass index
> the eighty-fifth percentile [49,59], and being =1 year post
cancer therapy [55]. When including overweight or obese
participants, rates ranged between 23.7% (62/262) [52] and 55%
(22/40) [49] for overweight and between 6.7% (15/225) [52]
and 45% (18/40) [49] for obesity. The mean age of participants
ranged between 12.5[52] and 17.3 years[58]. Oneintervention
only included female participants [50,51,54]. A total of 12
studies consisted of 250% femal e participants [48,50-60].

Intervention Design and Content

A total of 2 interventionsincluded SMSin addition to a school
program [50-52,54]. A total of 5 interventions used SM S text
messages as part of an onlineintervention [49,53,55,57,60] and
othersused pedometers[56], group sessions and telephone calls
[59], apps [48,49,55], and Fithit trackers (Fithit, Inc.) [49,55].
Only oneintervention consisted solely of SMS[58]. Moreover,

http://mhealth.jmir.org/2018/9/e10799/

2 interventions consisted of different types of SMS [48,58].
Depending on group alocation, one employed SMS focusing
on affective or instrumental beliefs [58], whereas the other
involved SMS from different senders, including a parent, peer,
or behavioral health specialist [48]. School-based interventions
using SMS included elements such as sports and PA
opportunities, educational (group) seminars, provision of healthy
foods, self-monitoring tools, and printed or email materias
promoting healthy lifestyles [50-52,54]. One intervention also
used a Facebook group to promote healthy lifestyles and keep
participantsinformed about theintervention [52]. Interventions
that included an online component also consisted of a variety
of elements, such as forums, diet analysis, videos, educational
games, challenges, educational materials, expert advice,
behavioral skill training, goal setting, monitoring, feedback,
and tutorialson behavioral change strategies[49,53,57,60]. One
study included access to a private Facebook group, which
provided rewards for achievements, encouragement, and a
discussion board, as well as using Fithit trackers and an app to
monitor progress toward individualized goals [55].

In another study, participants wore pedometers that were used
to encourage PA and facilitate recording progress[56]. Another
study included group sessionsthat provided education on health
behaviors and achieving successful behavior change. In this
study, participants also received phone coaching during the
12-month maintenance period post intervention [59]. One study
using an app for monitoring and reporting of PA also included
autonomous and external goal setting aswell as daily feedback
[48]. Depending on which condition participants were assigned
for that day, SM Stext messages were sent by abehavioral health
specialist, parents, or a peer [48].

Content of Text M essages

SM Stext messages were used to encourage, motivate, reinforce,
and prompt participantsto be physically active or maintain their
current positive behavior changes [48-51,53-56,59,60]. Some
studies provided participants with suggestions for healthy
lifestyle behaviors [48,49,59].
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Figure 1. Literature search flow chart.
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In addition to promoting PA, one study also employed SMSto
provide participants with health behavior information, behavioral
skills, and solutions for PA barriers to reinforce the benefits of
PA and to build rapport with a virtual friend [53]. SMS text
messages were also used for feedback [48,53], which in one
study depended on the participant’s goa attainment [48]. SMS
alsoincluded statements from testimonials aswell as messages
targeting intrinsic motivation and reflective questioning [59].
SMS text messages were also used to reduce risk behaviors
[60]. Two interventions employed SMS aiming to increase
participant self-efficacy [59,60]. Three interventions sent SMS
related to goal-setting, such asthe participants’ specific weekly
challenges [55,57,59]. In addition to this, one intervention
included affective SMS for encouragement and as a reminder
of PA goals. In this intervention, SMS text messages sent in
intervention week 2 were based on the participants’ step counts
from week 1 [55]. Another study sent SMS text messages
regarding affective or, depending on the intervention group,
instrumental gains associated with regular PA. These include
messages regarding the benefits of being active, such as physica
and psychological improvements[58]. Three studiesused SMS

http://mhealth.jmir.org/2018/9/e10799/

text messages to remind participants to follow the intervention
protocol, such as logging on to the intervention website or
wearing an activity tracker [49-51,53,54,56,57].

Theory Derivation

Three studies based their interventions on the transtheoretical
model (TTM) of behavior change or stage of motivational
readiness for change (SOC) model [53,57,60]. One study used
the SOC model to tailor intervention content and presentation,
such as by adapting TM and website content according to the
participant’s stage of motivational readiness [53]. Participants
in precontemplation, contemplation, and preparation stage were
given information on benefits and barriers of PA, opportunities
for PA, goal setting, aswell as PA planning. Participants classed
in the action stage were provided with monitoring tools and
information to prevent relapse [53]. In addition to the TTM,
one study aso used the I-Change, Attitude-Social
Influence-Self-Efficacy model and addressed attitude, social
influence, and self-efficacy. They emphasized the advantages
of following the recommendations and disadvantages of risk
behaviors, created a healthy online social environment, and
strengthened skills to avoid risk behaviors [60].
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Table 2. Study characteristics of included studies—sample and outcomes.
Author, year, country N2 Design Age, mean (SD) PAP and SB outcomes Assessment
Brannon et a, 2017, United States 10 N-of-1 RCTd 16.7 (0.95) MVPAe min/day’ SB mi n/day Objective
[48]
Chen et al, 2017, United States[49] 40 RCT 149 (1.7) PA days/week, TV/computer Self-report
hours/day
Dewar et al, 2013, Australia[50] 357 Group RCT 13.2(0.5) Accelerometer counts/min, % PA: objective; SB: self-re-
MVPA, screen time min/day port
Dewar et a, 2014, Australia[51] 357 Group RCT 13.2(0.5) % MPaf, vPAY MVPA: SB PA: objective; SB: objective
min/day + self-report
Ermetici et al, 2016, Italy [52] 487 Nonrandomized 12.5(0.4) MV PA hours/week, screentime PA: objective + self-report;
cth hours/day SB: self-report
Lanaet a, 2014, Spainand Mexico 2001 RCT Pre 13.26 (1.03); SB (lessthan 360 min PA/week) Self-report
[60] Post 12.91 (0.77)
Lau et al, 2012, Hong Kong [53] 78 Nonrandomized  cG' 1326(1.14); PA level last 7 days Self-report
cr IG) 12.29 (0.87)
Lubanset al, 2012, Australia[54] 357 Group RCT 13.18 (0.45) Accelerometer countsmin, MV-  PA: objective; SB: self-re-
PA min/day, SB min/day port
Mendozaet al, 2017, United States 60 RCT 16.6 (1.5) MVPA min/day, SB min/day Objective
[55]
Newtonet a, 2009, New Zealand[56] 78 RCT 14.4 (2.37) Step count, MV PA min/week Objective + self-report
Patrick et al, 2013, United States[57] 101 RCT 14.3(1.5) MV PA min/week, SB hours/day Self-report
Sirriyeh et al, 2010, United Kingdom 120 RCT 17.3 (0.68) MV PA metabolic equivalent Self-report
[58] min/week
Straker et al, 2014, Australia[59] 44 Within-subject 14.1(1.6) SB, light, moderate, vigorousPA  Objective
CT min/day

3N: number of participants randomized.

bpA: physical activity.

CSB: sedentary behavior.

9RCT: randomized controlled trial.

®MVPA: moderate to vigorous physical activity.
"MPA: moderate physical activity.

9VPA: vigorous physical activity.

NCT: controlled trial.

icG: control group.

I1G: intervention group.

Moreover, one study used both behavioral determinants models
and TTM to guideintervention design [57]. One study employed
affective and instrumental beliefs, as well as the theory of
planned behavior (TPB) [58]. Two interventionswereinformed
by social cognitive theory (SCT) [49-51,54]. One focused on
self-efficacy, outcome expectation, self-monitoring, skill
mastery, and self-regulation capabilities [49]. Another employed
SCT by planning socia support or change, providing general
encouragement and information about thelink between behavior
and health, and identifying barriers and strategies to overcome
these. Specifically, outcome expectations, socia support, and
self-efficacy weretargeted [50,51,54]. Self-determination theory
(SDT) formed the basis for 2 interventions [55,59], with one
also using goal-setting theory [59]. This intervention focused
on the provision of a need-supportive environment to achieve
greater self-determination, autonomous motivation, and
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consequently greater engagement with the desired behaviors.
The goal-setting theory was employed to increase autonomous
and intrinsic goal setting to predict greater goal attainment and
engagement with desired behaviors [59]. The other focused on
psychological needs that influence motivation such as
competence, autonomy, and relatedness. The Fitbit tracker and
app aimed to increase competence and autonomy by providing
opportunities to set personalized goals and monitor progress.
The Facebook group aimed to enhance relatedness by providing
support [55]. Cybernetic control theory (CCT) was used by one
study, which included self-regulation strategies defined by
goal-setting, self-monitoring, goal review, and feedback [48].
Two studies did not provide any information regarding theory
derivation. Authorswere contacted and lack of aspecific theory
base informing SM S was confirmed [52,56].
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Table 3. Study characteristics of included studies—intervention and comparator.

Ludwig et a

Author, year Intervention duration ~ TM2intervention Comparators

Brannon et al, 2017 [48] 24 days TM + mobile app Mobile app only

Chen et al, 2017 [49] 6 months TM + Fithit tracker and app + online program  Online program + pedometer + diary

Dewar et a, 2013 [50] 12 months TM + school program Waitlist condensed intervention

Dewar et a, 2014 [51] 12 months TM + school program Waitlist condensed intervention

Ermetici et a, 2016 [52] 24 months TM + school program No information

Lanaet al, 2014 [60] 9 months TM + online program Online intervention, limited access online
intervention

Lau et al, 2012 [53] 8 weeks TM + online program No intervention

Lubans et al, 2012 [54] 12 months TM + school program Waitlist condensed intervention

Mendozaet al, 2017 [55] 10 weeks TM + Fitbit tracker and app + Facebook group  Standard care

Newton et al, 2009 [56] 12 weeks TM + pedometer Standard care

Patrick et al, 2013 [57] 12 months TM + online program Online program, online program + group
sessions + phone calls, usua care

Sirriyeh et al, 2010 [58] 2 weeks TM only Neutral TM

Straker et al, 2014 [59] 12 months TM + group sessions + phone calls No intervention

8TM: text messaging.

Text Message Delivery and | nteractivity

In 3 studies, SM S text messages were sent weekly [55,56,60],
2 sent daily [48,58], another sent only on weekdays [53], and
2 studies sent 3 or more each week [52,57]. Two studies only
sent SMS text messages during the maintenance period
following the intervention [49,59]. In one, the number of SMS
text messages was reduced from 3 to 1 per week and finally to
1 per month [59]. In the other, SM'S text messages were sent
biweekly during a 3-month maintenance phase [49]. Another
intervention increased the frequency of SMS from weekly to
twice per week [50,51,54]. Five studies specified the time of
SMS delivery [48,50-52,54,58,59]. SMS text messages were
sent at 4 pm at the end of the school day to minimize the risk
of cross-contamination [58], close to meal times[52], between
7 pm and 8 pm [48] and depending on the SMS content, such
asimmediately after school when encouraging PA [50,51,54].
Another study sent SMS on weekday evenings at 6 pm and at
12 pm on weekends. Here, participants were able to choose on
which days they wished to receive the SMS[59].

Three studies gave participants the possibility to interact with
theresearch team and reply to the SMS[53,57,59]. Responding
was optional; however, one study provided amonetary incentive
todo so[53]. Another study also allowed interactivity; however,
participants would only receive one reply [59].

Risk of Bias Within Studies

Five studies referred to previously published study protocols
[50,51,54,59,60]. These were used to obtain missing information
needed for the risk of bias assessment. The judgment of each

http://mhealth.jmir.org/2018/9/e10799/

risk of biasitem across studies can be found in Figure 2. Tables
4 and 5 show the support for judgment of each item and study.

Several studies were rated as unclear selection bias with regard
to random sequence allocation [48,50,51,54-57]. Three were
rated high risk [52,53,59], and 3 wererated low risk [49,58,60].
Most studies also tended to be of unclear risk of selection bias
with regard to allocation concealment [48-51,53-58,60]. Two
studies were rated as high risk for thisitem [52,59]. A total of
7 studies were ranked to be of unclear risk of detection bias
[20,21,23-26,30], with 4 judged as high-risk [50,54,55,59] and
2 as low-risk [56,58]. With regards to attrition bias, 7 studies
werejudged to be of low risk [50,51,53-56,59], whereas 5 were
ranked as unclear [49,52,57,58,60] and one as high-risk [48].
Twelve studieswere of low risk of reporting bias [48-57,59,60] .
Only one study was classed as high risk of bias for this item
[58]. Ten studieswere ranked as high risk of response and recall
bias [49-54,56-58,60]. Risk of compliance bias was evident in
3 studies [48,49,53]. Another study was judged to be of high
risk of analytical bias [58]. Two studies appeared free of other
sources of bias [55,59].

Synthesis of Results

PA and SB assessed in hours per week or hours per day were
converted into min per week and min per day [52,57]. For the
following, intervention group refers to those involving SMS
text messages. An overview of the findings including PA and
SB outcomes and outcome measures can be found in Table 6.
Table 7 shows theoretical frameworks used and effectiveness
of intervention groups in each study.
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Figure 2. Risk of bias assessment.

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias) |

Selective reporting (reporting bias) |

omer oias [ |

0% 25% 50%

75% 100%

DLOW risk of bias

D Unclear risk of bias

.Hugh risk of bias

Table 4. Support for judgment of risk of bias per item and study. Random sequence generation, allocation concealment, and blinding of outcome

assessment.

Author, year

Random seguence generation

Allocation conceal ment

Blinding of outcome assessment

Brannon et al, 2017 [48]
Chen et al, 2017 [49]

Dewar et a, 2013 [50]

Dewar et a, 2014 [51]
Ermetici et al, 2016 [52]
Lanaet al, 2014 [60]

Lau et a, 2012 [53]
Lubans et al, 2012 [54]

Mendozaet a, 2017 [55]
Newton et al, 2009 [56]
Patrick et al, 2013 [57]
Sirriyeh et al, 2010 [58]

Straker et al, 2014 [59]

Unclear; Not enough information

L ow; Randomi zation using computer

program

Unclear; Not enough information

Unclear; Not enough information

High; No randomization

L ow; Randomi zation using computer

program
High; No randomization

Unclear; Not enough information

Unclear; Not enough information
Unclear; Not enough information

Unclear; Not enough information

Low; Randomization using random

number generator

High; Within-subject waitlist study

Unclear; Not enough information

Unclear; Not enough information

Unclear; Not enough information

Unclear; Not enough information
High; No randomization

Unclear; Not enough information

Unclear; Not enough information

Unclear; Not enough information

Unclear; Not enough information
Unclear; Not enough information
Unclear; Not enough information

Unclear; Not enough information

High; Within-subject waitlist study
design

Unclear; Not enough information

Unclear; Not enough information

High; At baseline only. Outcomeslikely
to beinfluenced by lack of blinding

Unclear; Not enough information
Unclear; Not enough information

Unclear; Not enough information

Unclear; Not enough information

High; At baseline only. Outcomeslikely
to be influenced by lack of blinding

High; Unblinded RCT?
Low; Assessors blinded at follow-up
Unclear; Not enough information

Low; Assessors blinded at follow-up

High; Outcomes likely to be influenced
by lack of blinding

design

8RCT: randomized controlled trial.

Physical Activity

Included studies assessed accelerometer counts [50,54], light
PA [59], moderate or vigorous PA [48,50-59], step count [56],
or the number of days when a minimum of 60 min of PA was
achieved [49]. Nine studies assessed MVPA [48,50,52-58].
Three studies resulted in a decrease between basdline and longest
follow-up for the intervention group [50,54,56,57]. One study,
however, found anincreasein MV PA between 6- and 12-month
assessment [57]. In another study, MVPA of normal weight
participants increased between baseline and 2-school-year
follow-up for the intervention group, however, decreased for
the control. For overweight or obese participants, MVPA
increased in both groups [52]. Four interventions resulted in
increases in MVPA for al intervention and control groups
between baseline and follow-up [53,55,56,58]. Two studies

http://mhealth.jmir.org/2018/9/e10799/
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assessing MVPA used different types of SMS [48,58]. TMs
sent by parents were effective in increasing MV PA for 70% of
participants, SMS sent by a peer for 50%, and those sent from
a behavioral health specialist for 90% of participants. Overall,
the intervention resulted in higher levels of PA than during the
control condition [48]. Another study employed neutral,
affective, instrumental, or a combination of affective and
instrumental SMS[58]. Acrossdl participants, MV PA increased
during the 2-week intervention with affective SMSresulting in
the highest levels of PA undertaken [58]. In 2 studies, MPA
and vigorous PA (VPA) were assessed [51,59]. Total, during
school, after school, and weekday MPA and VPA decreased
from baseline to 12-week follow-up for both intervention and
control group [51]. The other study showed increases in MPA
and VPA between baseline and 12 months [59].
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Table 5. Support for judgment of risk of bias per item and study. Incomplete outcome data, reporting bias, and other bias.

Author, year Incomplete outcome data

Reporting bias

Other bias

Brannon et al, 2017 [48]
Chenet al, 2017 [49)]

High; High amount of missing data

Unclear; Insufficient reporting of reasons
for missing data

Dewar et al, 2013 [50] Low; Missing outcome data balanced

and similar reasons across groups

Dewar et al, 2014 [51] Low; Missing outcome data balanced

and similar reasons across groups

Ermetici et al, 2016 [52]  Unclear; Insufficient reporting of reasons

for missing data

Lanaet a, 2014 [60] Unclear; Insufficient reporting of attri-

tion, exclusions, and reasons

Lauet al, 2012 [53] Low; Missing outcome data balanced

and similar reasons across groups

Lubans et al, 2012 [54] Low; Missing outcome data balanced

and similar reasons across groups

Mendozaet al, 2017 [55]  Low; Missing outcome data balanced

and similar reasons across groups

Newton et al, 2009 [56] Low; Missing outcome data balanced

and similar reasons across groups

Patrick et al, 2013 [57] Unclear; Insufficient reporting of reasons

for exclusions and dropouts

Sirriyeh et a, 2010 [58] Unclear; Insufficient reporting of reasons

for exclusions and dropouts

Straker et al, 2014 [59] Low; Missing outcome data balanced

and similar reasons across groups

Low; All outcomes reported

Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
Low; All outcomes reported
High; Missing mean and SD of

MET?min at time point 1

Low; All outcomes reported

High; Compliance bias (use of incentives)

High; Response bias (use of self-report),
compliance bias (use of rewards)

High; Response bias (use of self-report)
High; Response bias (use of self-report)
High; Response bias (use of self-report)
High; Response bias (use of self-report)
High; Response bias (use of self-report),
compliance bias (use of incentives)
High; Response bias (use of self-report)
Low; Appearsfree of other sources of bias
High; Response bias (use of self-report)
High; Response bias (use of self-report)
High; Response bias (use of self-report),
analytical bias (removal of outliers)

Low; Appearsfree of other sources of bias

AMIET: metabolic equivalent.

For the intervention group, one study found an increase in PA
levels between baseline and 3 months and between baselineand
6 months. PA levels decreased in the control condition [49].
Assessments of accelerometer counts, light PA, and daily step
count showed decreases between baseline and follow-up
[50,54,56,59].

Sedentary Behavior

Studies assessed screen time [49,50,52,54], total SB
[48,51,55,57,59], and whether participants performed less than
360 min of PA per week [60]. Three interventions found a
decreasein screen time between baseline and longest follow-up
[49,50,52]. One study found an increase in subjectively
measured screen time on weekdays, however, a decrease on
weekends[54]. Inoneintervention [51], subjective SB decreased

http://mhealth.jmir.org/2018/9/e10799/
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in the intervention group and increased in the control group
between baseline and 12 months. However, objectively
measured SB increased for both groups. In 2 studies [55,57],
theintervention groups reduced their total SB between baseline
and follow-up, whereas the usual care or control group showed
an increase in SB. Another intervention found an increase in
SB between baseline and 8 weeks, 3 months, 6 months, and 12
months [59]. One intervention resulted in an increase in
insufficient PA in the intervention group between baseline and
9 months, although, both the control groups reduced their level
of insufficient PA during the same period [60]. In another study,
SB was the lowest when receiving SM S from a parent but was
the highest when receiving them from a behavioral health
specialist, followed by SMS from a peer [48].
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Table 6. Overview of physical activity (PA) and sedentary behavior (SB) outcomes and outcome measures in intervention groups at longest follow-up.

Outcome category Accelerometer Pedometer Questionnaire Interview
Physical activity outcomes
Accelerometer counts/min Decrease [50] — — —
Light PA min/day Decrease [59] — — —
MVPAZ % Decrease [50] — — —
MVPA min/week — Increase [52,56] Decrease [57]
MVPA min/day Increase[48,55]; decrease[54] — — —
MPAP 0% Decrease [51] — — —
MPA min/day Increase [59] — — —
VPA® % Decrease [51] — — —
VPA min/day Increase [59] — — —
MVPA score — — Increase” [53] —
4-day step count — Decrease [56] —
MVPA MET® min/week — — Increase [58] —
PA days/week — — Increase [49] —

Sedentary behavior outcomes

Screen time min/day

Television/computer hours/day
Total SB

PA less than 360 min/week

Increase [51,59]; increase and
decrease [48]; decrease [55]

Decrease[50,52]; increase and decrease [54] —

Decrease [49] —

Decrease® [51]; decrease [57]

Increase [60]

3V PA: moderate to vigorous physical activity.

bMPA: moderate physical activity.
SVPA: vigorous physical activity.

dtatistical ly significant (P<.05) between baseline and longest follow-up.

EMET: metabolic equivalent.

fStatistically significant (P<.01) between baseline and longest follow-up.
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Table 7. Theoretical framework and intervention effectiveness for intervention group at longest follow-up for individual studies.

Outcome category TT™M2 TPBP

scTe spTd ccre N/AT

Physical activity
Brannon et al, 2017 [48] — —
Chen et a, 2017 [49] — —

Dewar et a, 2013 [50] — —
Dewar et a, 2014 [51] — _
Ermetici et a, 2016 [52] — —

Lau et al, 2012 [53] ph _
Lubans et al, 2012 [54] — _
Mendoza et al, 2017 [55] — —
Newton et al, 2009 [56] — —
Patrick et al, 2013 [57] N —
Sirriyeh et a, 2010 [58] — P
Straker et a, 2014 [59] — _
Sedentary behavior — —
Brannon et al, 2017 [48] — —

Chen et al, 2017 [49] — —
Dewar et a, 2013 [50] — —

Dewar et al, 2014 [51] — _
Ermetici et a, 2016 [52] — —
Lanaet al, 2014 [60] N —
Lubans et al, 2012 [54] — _
Mendoza et al, 2017 [55] — —
Patrick et al, 2013 [57] P _
Straker et al, 2014 [59] — —

— — = —

8TTM: transtheoretical model.

bTPB: theory of planned behavior.

CSCT: social cognitive theory.

dSDT: self-determination theory.

€CCT: cybernetic control theory.

N/A: no theory framework.

9P: positive effect (PA increase, SB decrease).

hStatistically significant (P<.01) between baseline and longest follow-up.
IN: negative effect (PA decrease, SB increase).

jStatistically significant (P<.05) between baseline and longest follow-up.

Discussion

Summary of Evidence

This review found promising evidence regarding the
effectiveness of interventions using SMS to improve PA and
SBs. Out of 5 studies assessing MV PA via self-report, 4 found
anincreasein PA [52,53,56,58] whereasfor objectively assessed
MVPA, 2 interventions showed an increase [48,55] and one a
decrease [50,54]. Four studies resulted in a decrease for
objectively assessed accelerometer counts, light PA, MPA,

http://mhealth.jmir.org/2018/9/e10799/
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VPA, and step count [50,51,56,59]. One intervention showed
an increase in objectively measured MPA and VPA [59]. Five
studies assessing screen time and total SB using questionnaires
demonstrated improvements [49-52,57], whereas objectively
measured total SB increased in 3 [48,51,59] and decreased in
2 studies[48,55]. Of 10 interventionsinvolving PA assessment,
8 resulted in an improvement of at least one PA outcome and
of 8 assessing SB outcomes, 5 showed improvements.

Most interventionsincluded in thisreview focused on increasing
PA, whereas elements targeting SB were scarce. Evidence
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suggests that distinct assessment and approaches are required
to improve PA and SB [61,62]. Previous meta-analyses have
shown greater SB improvementsin interventions solely targeting
SB compared with PA interventions or those combining PA
and SB [63,64]. To maximizeintervention effectiveness, future
studies should consider using distinct approaches to improve
SB and PA.

The evidence presented in thisreview noted avariety of different
outcome measures, which led to conflicting findings. For both
PA and SB, more studies showed improvements when using
subjective measures compared with objective measures. This
isin line with previous findings showing subjective measures
demonstrate greater enhancementsthan objective measures[65].
As self-report measures demonstrate low to moderate validity
for the assessment of PA in children and adolescents, it appears
that to assess effectiveness, objective measures such as
accelerometers are preferred for both PA and SB [66]. For the
assessment of the nature and mode of activity being undertaken,
subjective measures should be used [61,66]. Further, a variety
of protocols for the assessment and evaluation of participant
data has been used. It has been shown that the choice of data
reduction protocol when analyzing accelerometer data has a
significant effect on the classification of SB and PA time in
children[67]. Thereisacontinued need for the standardization
of methods when using objective measures to assess PA and
SB [61], and future studies should consider following current
recommendations on the assessment of both PA and SB to
enhance the comparability of findings between studiesand alow
more distinct and unbiased conclusions to be drawn.

Identified studies also used avariety of theoretical frameworks
with the more frequent use of the TTM and SCT, consistent
with thefindings of others[29]. Interventionsinformed by SDT,
TPB, or CCT showed improvements in PA, whereas
interventions informed by the TTM, SCT, and CCT revealed
mixed results for PA and SB. Interventions employing SCT
showed more positive results for SB than for PA. Nonetheless,
the lack of information provided on how theory was applied
within the intervention precludes our ability to confirm these
assumptionswith certainty. Thesefindingsarein linewith those
of a recent meta-analysis [44] that stated it was unclear how
specific theoretical frameworks are applied or how they are
linked to intervention effectiveness. Thus, our findings do not
allow for a judgment on whether the ineffectiveness of some
interventions included in this review is due to a lack of
appropriate theory derivation and application. Furthermore,
conclusions with regard to how theory relates to intervention
effectiveness need to be drawn with caution, and more evidence
is needed to warrant the use of specific theories when targeting
PA and SB in SMS text messaging—based interventions for
youth.

Evidence has shown the increased effectiveness of PA and SB
interventions that include the BCTs of goal-setting,
self-monitoring, and feedback [68]. In this review, 7 studies
included goal-setting and monitoring, with 5 showing an
increase in PA [48,49,53,55,59]. Two studies additionally
included feedback and achieved improvements in PA [48,53].
Four studies that included self-monitoring and goal-setting
found an improvement in SB [48,49,55,57]. These results are
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promising and indicate increased intervention effectiveness
when including these BCTs in SMS-based interventions
targeting PA and SB.

Previous reviews have shown weaknesses in the design of
mHealth interventions [28,29,36,44]. Our findings were in
agreement with those reviews and suggest that SMS-based
interventions involving adolescents are weak in design and at
a high risk of bias. The reasons for high risk of bias were
attributed to the use of self-report measures (response bias), a
lack of appropriate randomization method (selection bias), and
alack of blinding (detection bias).

We were also unable to infer the independent effect of SMS
due to the lack of appropriate control groups. Only 4 studies
employed designs that allowed for the effect of SMS text
messaging alone to be assessed [48,57,58,60]. Two studies
showed a positive effect of SMS on PA [48,58] and 2 on SB
[48,57]. However, most studiesincluded avariety of additional
intervention components alongside SM Sin the intervention and
control groups. Definite conclusions with regard to the
effectiveness of individual intervention designs, settings, or
contents can therefore not be drawn from this review. Future
research should employ study designsthat allow the examination
of the independent effect of SMS on PA and SB to strengthen
the evidence base regarding the effectiveness of using SMS
alone. Additionally, thereisaneed for studies exploring which
specific SMS text messaging components such as content or
frequency of delivery are most effective.

There is also a continued demand for studies to explore
long-term  intervention effects on PA and SB
[24,28,32,35,37,43]. Only 4 interventions lasted for 12 months
or longer [50-52,54,57,59]. Two studies assessed PA and SB
after 24 months [50,52], with only one showing improvements
in PA [52] but both showing decreases in SB [50,52]. It has
been shown that SMS may be an effective tool to enhance
participants’ interest in the long term as well as to improve
adherence [31,36]. Therefore, more studies should explore the
effectiveness of interventions in achieving sustained behavior
change.

This review shows a high heterogeneity of study designs,
intervention components, outcomes, and outcome measures.
Possible conclusions regarding effective intervention designs
and contents are limited and should be drawn with caution. This
review provides some currently limited evidence that the
following approaches may result in increased effectiveness of
SM S-based interventions for PA and SB in youth:

1. Specific focus on the desired behavior

2. Include self-monitoring, goal setting, and feedback
components

3. Send 3 or more SMS per week for PA.

Furthermore, future research should incorporate the following
methodological elements:

1. Use of objective outcome measures
2. Include long-term follow-up
3. Designsthat allow ng theindependent effect of SMS.
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Limitations

The authorswere unable to conduct a quantitative dataanalysis
due to high heterogeneity of included studies and a small pool
of suitable dataconsisting of highly heterogeneousinterventions
and outcome measures. This review included al studies
incorporating SM S text messaging as part of their intervention,
which resulted in avariety of intervention designs and contents.
Consequently, we were unableto draw conclusions with regard
to specific intervention elements positively influencing PA and
SB. To the best of our knowledge, thisreview providesthefirst
account of interventions using SMS targeting PA and SB in
adolescents. It provides researchers and practitioners with a
database of potentially effective components crucial to the
development of successful behavior change interventions.

Existing reviews have employed methods to identify and code
theory-based elements such as behavior change techniques of
included studies [26,28,65]. This review has refrained from
following this process for studies not specifying theory base.
However, the authors of those studieswere contacted and alack
of theoretical foundation was confirmed. Despite the possibility
that these interventions were unintentionally and unknowingly
based on theory, there was no overt application of theory to
study design. Therefore, it isjudged to have limited contribution
to intervention effectiveness.

Thisreview does provide adetailed account of the use of theory
in SMS-based interventions involving adolescents that, to the
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best of our knowledge, is novel and crucial for understanding
current trends in intervention design and content. Moreover, a
rigorous methodology was used for acquiring suitable studies,
as well as during the data extraction process. This included
hand-searching bibliographies, contacting authors of eligible
studies, following recognized guidelines during data extraction,
and pilot-testing data extraction items. Existing reviews on
technol ogy-based interventionstargeting health behavior change
have failed to include one or more of these components
[24-31,33,35,37,43,44].

Conclusions

This review shows a high level of heterogeneity within
SM S-based interventions targeting adolescent PA and SB. The
evidence base consists of studies using different objective and
self-report outcome measuresthat employ avariety of protocols,
which impairsthe ability to synthesize study content and resullts.
Additionally, assessment of the risk of bias showed some
limitations in the study and intervention design. Results of the
individual aswell as across studies should therefore be analyzed
with caution. Future research should employ more rigorous
research designs, more structured and coherent intervention
components, as well as more appropriate and valid outcome
measures. Overal, the findings of this study indicate that
multicomponent interventions incorporating SMS can be
effective in improving PA and SB in adolescents; however,
more evidence is needed to further warrant SM S interventions
to improve PA and SB.
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Abstract

Background: Heavy drinking is prevalent among young adults and may contribute to obesity. However, measurement tools
for assessing caloric intake from acohol are limited and rely on self-report, which is prone to bias.

Objective: The purpose of our study was to conduct feasibility testing of the Remote Food Photography Method and the
Smartintake app to assess alcohol use in young adults. Aims consisted of (1) quantifying the ability of Smartintake to capture
drinking behavior, (2) assessing app usability with the Computer System Usability Questionnaire (CSUQ), (3) conducting a
qualitative interview, and (4) comparing preference, usage, and alcohol use estimates (calories, grams per drinking episode)
between Smartintake and online diet recalls that participants completed for a parent study.

Methods: College students (N=15) who endorsed a pattern of heavy drinking were recruited from a parent study. Participants
used Smartlntake to send photographs of all acohol and food intake over a3-day period and then completed afollow-up interview
and the CSUQ. CSUQ items range from 1-7, with lower scores indicating greater usability. Total drinking occasions were
determined by adding the number of drinking occasions captured by Smartl ntake plusthe number of drinking occasions participants
reported that they missed capturing. Usage was defined by the number of days participants provided food/beverage photos through
the app, or the number of diet recalls completed.

Results: Smartlntake captured 87% (13/15) of total reported drinking occasions. Participants rated the app as highly usablein
the CSUQ (mean 2.28, SD 1.23). Most participants (14/15, 93%) preferred using Smartintake versus recalls, and usage was
significantly higher with Smartintake than recalls (42/45, 93% vs 35/45, 78%; P=.04). Triplethe number of participants submitted
alcohol reports with Smartintake compared to the recalls (Smartl ntake 9/15, 60% vs recalls 3/15, 20%; P=.06), and 60% (9/15)
of participants reported drinking during the study.

Conclusions:  Smartintake was acceptable to college students who drank heavily and captured most drinking occasions.
Parti cipants had higher usage of Smartintake compared to recalls, suggesting Smartintake may bewell suited to measuring alcohol
consumption in young adults. However, 40% (6/15) did not drink during the brief testing period and, although findings are
promising, alonger trial is needed.

(IMIR Mhealth Uhealth 2018;6(9):€10460) doi:10.2196/10460

KEYWORDS

alcohol consumption; alcohol college students; alcohol assessment; dietary assessment; self report; mobile phone; mobile health;
ehealth; photography; young adults
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Introduction

Alcohol useis prevalent among young adults [1]. Most (78%)
US adults aged 18-24 report drinking alcohol and 40% report
heavy drinking (5+ drinks on one occasion) at least once in the
previous month [1]. Heavy drinking during young adulthood is
associated with ahost of negative consequences, from increased
risk of accidents and injuries to the devel opment of alcohol use
disorder symptoms [2]. In addition to these well-known
consequences, recent evidence suggests that heavy episodic
drinking during young adulthood increases the risk of excess
weight gain and the transition to obesity 5 years later [3].
Drinking may disrupt energy balance directly through ingestion
of caloriesin alcoholic beverages and indirectly through effects
on acohol-related eating [4,5]. It isimportant to understand the
direct and indirect effects of a cohol use on energy balance and
obesity risk to develop relevant obesity prevention programs.

Researchers ability to delineate the direct and indirect
contributions of acohol intake on energy balance, however, is
limited by available measurement tools. Gold standard al cohol
assessments involve asking participants to self-report the total
number of drinksthey consumed each day in the past 3-6 months
[6]. While validity data indicate that this method may be
sufficient to identify number of drinks consumed [6], it does
not provide enough detail to reliably ascertain the precise
caloric, nutritional, and alcoholic content of drinks. Information
onthedrink type, sizein ounces, al alcoholic and nonal coholic
drink contents, and the amount consumed would be required to
determine caloric intake from alcoholic beverages [7]. All of
the aforementioned information is collected with the multiple
pass 24-hour diet recall method [7]. The 24-hour diet recall
method involves an iterative process through which individuals
are asked to identify, for all food and beverages consumed in
the past 24 hours, the food or drink type, the portion size, all
contents of the food/beverage, and the amount they consumed
[7]. Diet recalls have been applied to estimate caloric intake
from alcohol as a component of overall energy intake in the
genera population [8-11]. Using datafrom the National Health
and Nutrition Examination Survey (NHANES), researchers
found that alcohol intake estimates were similar between the
NHANES Alcohol Use Questionnaire, a standardized
guestionnaire that assesses typical quantity and frequency of
alcohol use, as compared to alcohol intake estimated using diet
recall data [12]. In addition, evidence suggested that 24-hour
diet recalls performed similarly in measuring low to moderate
levels of typical alcohol intake when compared to a 7-day
retrospective recall of alcohol use, and 7-day prospectively
recorded alcohol use with afood diary [13].

Degspite their utility, assessments that rely on self-report are
vulnerableto reporting biases due to memory inaccuraciesfrom
retrospective recall, social desirability, and inaccuracies in
portion size estimates [14-16]. For example, researchersrecently
found that NHANES participants underestimated their intake
in diet recalls by up to 800 calories per day [14], and Beasley
et a [17] found that approximately 50% of the error in
self-reported food intake was dueto the inability of participants

http://mhealth.jmir.org/2018/9/e10460/
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to accurately estimate portion size. Self-reported alcohol use
sufferssimilar problemsin underestimation [15]. A recent study
of daily alcohol usefound that alcoholic drink size and strength
were underreported by at least 20% compared to daily alcohol
use data recorded by transdermal alcohol sensors[15].

The Remote Food Photography Method (RFPM) was devel oped
to address concerns regarding food and drink portion size
estimation, to minimize participant burden, and to obtain
accurate estimates of food and beverage intake [18-20]. With
RFPM, participants capture photo images of their food selection
and plate and drink waste using amobile devicein near real-time
in their natural environments. Photos are analyzed by nutrition
experts to estimate energy and nutrient content using
standardized methods [20,21], eliminating the need for
participantsto accurately recall and report portion sizes. RFPM
has excellent evidence for validity in measuring energy intake
in the general adult population; RFPM estimates had only a
3.7% error rate when compared to energy expenditure estimates
from doubly labeled water in weight-stable adults [18]. RFPM
was developed prior to smartphones and has been used with
various forms of mobile technology as advances have become
avalable RFPM was origindly deployed using
cellular-connected personal digital assistants, followed by
camera-enabled flip phones, BlackBerry phones, and finally
smartphones. For the past few years, RFPM has been deployed
through a mobile phone app, Smartintake, which can be
downloaded directly onto participants’ personal mobile phones
and streamlines the RFPM data collection process. Figure 1
depicts the data collection process with the RFPM and
Smartlntake app.

The RFPM and Smartintake app can be adapted to measure
alcohol usein young adults to address potential inaccuraciesin
self-reported drink size and content. The purpose of this pilot
study, therefore, was to conduct feasibility testing of the RFPM
and Smartlntake app viathe following four aims:

1 Quantify the ability of Smartintake to capture drinking
behavior, defined as (1) the percent of total drinking
occasions captured with Smartintake, and (2) the percent
of participants who submitted alcoholic drink photos
through Smartintake. The total number of drinking
occasions was determined by adding the total number of
drinking occasions captured by Smartintake plus the total
number of drinking occasions participants self-reported that
they failed to capture through the app.

2. Useastandard technology usability questionnaireto collect
usability data for the RFPM/Smartlntake.

3. Conduct aqualitative interview to assess acceptability and
feasibility of using the Smartintake app during drinking
occasions.

4. Compare preference, usage, and alcohol use estimates per
drinking occasion between Smartintake and online diet
recalls, the latter of which were completed by participants
for a parent study. Usage was defined by the number of
days partici pants provided food/beverage photo datathrough
the app, and number of diet recalls completed.
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Figure 1. The Remote Food Photography Method (RFPM) applied using the Smartl ntake app.

When using RFPM, the Smartintake®

app captures images of participants’ foods and
beverages. A reference card is used for

scaling/portion size. A description is included.

Before image.

and strawberries”

Description: “Plain bagel

After image.

Methods

Ethics and Data Security

The research was approved by the Institution Review Boards
at the University of Kansas and Pennington Biomedical,
Louisiana State University System. All participants provided
written informed consent. Dueto the sensitive nature of the data
collected, participants were protected under a Certificate of
Confidentiality issued by the Nationa Institutes of Health. All
photos submitted through Smartintake were not linked with
participant-identifying information.

Participants

Participants in the current study were recruited from a larger
parent study. Below we first describe the parent study and then
describe participant recruitment and enrolIment into the current
study.

Parent Study

The parent study was designed to examine the effects of heavy
alcohol use and al cohol-related eating behavior on weight gain
in the first year of college. At the beginning of the academic
year, interested freshmen completed an online screening that
consisted of ademographics questionnaire and the Alcohol Use
Disorders ldentification Test—Consumption  questions
(AUDIT-C) to assess a pattern of heavy alcohol use [22]. A
random sample of study-eligible freshmen stratified by sex
(52% male), race/ethnicity (44% racial or ethnic minority), and
heavy drinking status (45% endorsing aheavy drinking pattern)
were enrolled (N=103).

http://mhealth.jmir.org/2018/9/e10460/
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Participants attended three study visits at the beginning, middle,
and end of the 2016-2017 academic year during which they
completed an alcohol assessment and provided anthropometric
measurements. Following each visit, participants completed a
series of three online diet recalls using the Automated
Self-Administered 24-Hour Diet Recall [23], the Web-based
version of the United States Department of Agriculture 5-step
diet recall [24], to report their dietary intake and alcohol
consumption. Diet recalls were completed on 3 days randomly
selected by study staff at each assessment point—one on a
weekday and two on weekend days. Participants were required
to complete all diet recalls within a 1-week window and could
complete recalls late if they were still within the assessment
window. Participants were compensated US $15 per completed
recall.

Study Sample

The current study enrolled a convenience sample of 15 students
selected from the parent study. When students attended a visit
for the parent study, they were invited to participate in the
current study if they endorsed a pattern of heavy drinking on
the AUDIT-C at baseline or if they reported multiple (3+) recent
heavy drinking episodes in the acohol assessment. This
procedure wasin placeto increase the likelihood that we would
capture drinking episodes during the Smartl ntake testing period
and diet recalls. Studentswere al so required to complete at |east
onediet recall (for the parent study) before starting the current
study—a criterion that was met by the vast majority of
participants in the parent sample. Most parent sample
participants completed 1+ recall at baseline (96/103, 93%), 83%
(85/103) completed 1+ recall at Visit 2, and 72% (74/103)
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completed 1+ recall at Visit 3. Students were consented only
for the current study when their 1-week window to complete
the diet recallsfor the parent study had passed (to avoid overlap
in assessment methods). Enrollment was conducted on arolling
basis until we reached our target (N=15).

Procedure

Students attended an initial visit during which they provided
informed consent and compl eted atraining session to learn how
to use the Smartlntake app. Participants were asked to use the
app to report their food and alcohol intake for 3 consecutive
days. Figure 2 depicts the RFPM and Smartlntake app process
applied to alcoholic beverages.

Smartlntake testing days consisted of one weekday (Thursday)
and two weekend days (Friday and Saturday). Participants
returned the following week to complete a standardized app
usability questionnaire and a qualitative interview about their
experience using Smartintake. Participants were not provided
feedback or information about the photos they submitted (eg,
alcohol calories consumed), asfeedback could have altered their
consumption and/or SmartIntake reporting behavior during the
study.

Participants could earn up to US $60 for participating in the
study. Participants were compensated US $15 per day for using
Smartintake, for atotal of US $45 possible over 3 testing days.
Independent of participants’ usage with app testing, participants

Fazzino et d

were compensated an additional US $15 for completing the
follow-up interview. The compensation structure was explained
to participants during the consent process. We matched
compensation for 3 days of app testing (US $15 per day; US
$45 total) directly to compensation for 3 recalls (US $15 per
recall; US $45 total) to facilitate comparisons between the
methods.

M easures

The Computer System Usability Questionnaire (CSUQ) is a
widely used standardized questionnaire that was originally
designed to measure computer program usability in field-testing
studies at IBM [25,26]. The CSUQ has since been applied to
studying the usability of websites[27] and mobile phone apps,
including mHealth apps for adults[28-30] and adolescents[31].
This 19-item questionnaire uses a 7-point Likert scale ranging
from 1 (strongly agree) to 7 (strongly disagree) and yields an
overall score representing overall satisfaction with the program
and three scale scores for System Usefulness, Information
Quality (quality of instructions in the program and utility of
error messages), and Interface Quality [32,33]. Items are
averaged to obtain scores, with lower scores indicating greater
usability. Evidence indicates the CSUQ has strong internal
consistency across scaleitems and areplicable structure across
tests of different types of computer programs (eg, computer,
voice activated programs, Web apps) [25,26,34].

Figure 2. The Remote Food Photography Method (RFPM) and Smartlntake app applied to measuring al cohol intake.

Application of RFPM and Smartintake® to
alcohol intake.

measuring

.

Before image.
Description: “Sangria

with lime”

After image.
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Table 1. Information used to calculate outcomes for Aims 1 and 4.
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Dependent variables Smartintake app testing (3 days)

Qualitative interview Diet recalls? (3 days)

Aim1

«  Percentage of drinking «  Number of total drinking occa-

occasions captured by sions captured with Smartin-
SmartIntake take
o Percentageof participants «  Number of participants who
who submitted al cohol submitted and did not submit
photos alcohol photos
Aim 4
o Preference « N/A
« Usage «  Number of days out of 3 that
each participant completed
Smartlntake testing
o Alcohol use estimates «  Alcohol consumptioningrams

«  Percentage of participants
who reported alcohol use

and calories per drinking occa-
sion; number of heavy drinking
episodes

o Number of participants who
submitted and did not submit
alcohol photos

o Number of total drinkingocca- «  njAP
sions not captured with Smart-
Intake (self-reported)

o Number of participantswho ~ «  N/A

preferred Smartlntake and
number who preferred diet re-
callsfor reporting alcohol and

food intake
« N/A o Number of recallsout of 3 that
each participant completed
« N/A o Alcohol consumptionin grams

and calories per drinking occa-
sion; number of heavy drinking
episodes

«  Number of participants who
reported and did not report al-
cohol use

@Diet recalls were completed during the parent study and used for comparisons with Smartintake in the current study, as described in the Parent Study

section of the Methods.
BN/A: not applicable.

The qualitativeinterview assessed participants’ likesand didikes
about using the app, the utility of the reminders sent from the
app (these remind participants to capture images), and their
experiences using Smartintake while drinking alcohol.
Participants were asked directly about instances during which
they forgot or aimost forgot to take photos of acohol or food
and to identify situations in which using Smartl ntake might be
difficult. Participantswere asked to describe any circumstances
during which they felt uncomfortable using the app. All
guestions were open-ended. Finally, participants were asked
about their preference for using Smartintake or the online diet
recalls to report their alcohol and food intake.

All interviews were conducted individually with participants
by the study’s principal investigator (Pl). To minimize the
potential for social desirability responding, the interview was
framed as an opportunity for the Pl to understand participants’
experiences using the app, with the purpose of working together
to identify things that worked and did not work, and to hear
their suggestions for improving the app and data collection
methods. Participants were asked to describe times they drank
alcohol and forgot to report it with the app, so that the PI could
understand the circumstances under which thistype of reporting
did not seem feasible. Similarly, when the Pl inquired about
participants’ preferred method for reporting alcohol and food
intake, participants were asked to explain what about the method
worked best for them, so that she could understand

http://mhealth.jmir.org/2018/9/e10460/

circumstancesin which one method might be preferred or work
better than the other.

Outcomes

Information used to calculate dependent variables (DV) for
Aims 1 and 4 was derived from multiple sources, as detailed in
Table 1. DV calculations for Aims 1-4 are presented following
Table 1.

Feasibility and usability outcomes were calculated using the
following metrics. For Aim 1), the percentage of total drinking
occasions captured with Smartintake was calculated as N
captured / N captured + N missed, as reported by participants.
For 1b), the percentage of participants who submitted al cohol
photos was calculated as N participants who submitted al cohol
photos/ N submitted + N who did not submit alcohol photos.
For Aim 2, the CSUQ overall satisfaction score was calculated
as the mean of all CSUQ items. Three scale scores for System
Usefulness, Information Quality, and Interface Quality were
determined by calculating the mean of itemsin each scale. For
Aim 3, common themes were identified regarding acceptability
and feasibility for using Smartlntake overall and during drinking
episodes. For Aim 4, we used a repeated-measures,
within-subjects design to compare preference, usage, and al cohol
use estimates per drinking occasion with Smartintake and diet
recalls. Usage was defined by the number of days participants
provided food/beverage photo data through the app, or number
of diet recalls submitted. Alcohol use estimates per drinking
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occasion were calculated for Smartintake and the diet recalls
because both provide grams of acohol consumed and caloric
contents of the alcoholic beverages. Heavy drinking occasions
captured through Smartlntake and the diet recallswere defined
as 4+ drinks for females or 5+ for males on one occasion, in
excess of low-risk drinking guidelines from the National
Ingtitute on Alcohol Abuseand Alcoholism (NIAAA) [35]. The
NIAAA defines a standard drink as 14 grams of pure alcohol
[35]. The total number of participants who submitted alcohol
photosthrough Smartintake and the total number of participants
who reported acohol use in the diet recalls were summed for
comparison.

Diet recalls from the parent study that were completed at the
same assessment point as Smartlntake testing were used for
comparison. Because the diet recallswere compl eted before the
current study, we did not inquire about whether participants
missed reporting alcohol usein therecalls; thus, we were unable
to calculate the percentage of total drinking occasions captured
in diet recalls as we were for Smartlntake.

Dependent t tests were used to compare usage and alcohol use
estimates per drinking occasion between Smartintake and the
diet recalls. Fisher exact tests were used to test the difference
between number of heavy drinking episodes reported between
Smartintake and the diet recalls, and the number of participants
who reported a cohol usein each method.

Results

Participant Characteristics

Participants (N=15) provided informed consent, tested the app,
and completed the follow-up visit. Participant characteristics
are presented in Table 2. On the AUDIT-C, 93% (14/15) of
participants endorsed drinking alcohol 2+ times per week and
one endorsed drinking 2-4 times per month. Most (13/15, 87%)
reported that they engaged in weekly heavy episodic drinking.

Table 2. Participant characteristics.

Fazzino et d

Aim 1: Quantifying the Ability of Smartintaketo
Capture Drinking Behavior

Smartlntake captured 87% of reported drinking occasions (Aim
1a; Figure 3). Participants submitted atotal of 15 al cohol photos
during 13 drinking episodes. Therewere two instancesin which
participants reported that they drank al cohol but forgot to submit
photos. Both missed occasions occurred among participants
who submitted other alcohol photos through Smartintake.

Sixty percent (9/15) of participants submitted a cohol use photos
through Smartintake (Aim 1b). Of the 40% (6/15) who did not
send alcohol photos through Smartintake, all reported that they
did not drink during the days they used Smartlntake.

Aim 2: Usability

Results of the CSUQ indicated that participants were highly
satisfied with Smartintake overall (mean 2.52 ona7-point scale,
SD 1.13) and that the app was highly usable (mean 2.28, SD
1.23), provided good quality information and instructions for

use (mean 2.36, SD 1.14), and had acceptable interface quality
(mean 3.10, SD 1.68).

Aim 3: Qualitative I nterview to Assess Acceptability
and Feasibility
Overall Feedback on Smartl ntake

Themesfrom thefollow-up interview largely mirrored responses
tothe CSUQ. Participants|iked that the app was quick and easy
to use and that they could report their food and beverage intake
inreal-time. The mgjority of participantsindicated the reminders
to submit photos were mistimed on weekends because their
eating schedules were less consistent and reliable than on
weekdays, despite the reminder system accommodating different
schedules on the weekends. Many participants also stated they
often did not notice the notifications because they were sent via
email and not text message, even though the notifications
showed up on their phones when their screens were locked.

Variable Value
Age (years), mean (SD) 18.1(0.3)
Male, n (%) 9 (60)
White, non-Hispanic, n (%) 13 (87)
AUDIT-C score™?, mean (SD)

Males 7.0(0.7)

Females 6.3(1.2)
Body Mass Index (BMI), mean (SD) 26.3 (6.5)
Weight class®, n (%)

Healthy weight 9 (60)

Overweight 3(20)

Obese 3(20)

3AUDIT-C: Alcohol Use Disorder I dentification Test-Consumption Questions.
BAUDIT-C score of 5+ for females or 7+ for malesindicates a pattern of heavy drinking in college students [22].
CHealthy weight: BM1<25 and >19; overweight: BM1=25-29.9; obese: BM1=30.
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Figure 3. Drinking occasions captured by Smartintake.

Fazzino et d

Captured

Not Captured

0 1 2 3 4 5 6 7 8 9 10 N 13 14 15
Number of Reported Drinking Occasions
Table 3. Alcohal use estimates from Smartintake and 24-hour online diet recalls.
Alcohol estimates Smartintake (N=13)2 Diet recalls (N=7)" Pvaue®  95%Cl
Alcohol grams per drinking occasion, mean (SD); range  40.0 (32.1); 11.2-95.4 40.2 (23.6); 14.0-74.9 25 -4.03t0 15.15
Alcohol calories per drinking occasion, mean (SD) 357.0 (254.0) 375.8 (228.3) .26 -35.4310 128.94
Heavy drinking episodes, n (%) 4(31) 2(29) 99 0.10t0 16.41

8Alcohoal reported by 60% of participants.
bAlcohol reported by 20% of participants.

P values for continuous outcomes refer to within-subjectst tests; P value for count of heavy drinking episodes refers to Fisher exact test.

dConsumption of 4+ drinks for females, 5+ for males on one occasion, in excess of low-risk drinking guidelines from the Nationa Institute on Alcohol
Abuse and Alcoholism, which considers 14 grams of acohol as one standard drink [35].

Acceptability and Feasibility of Using Smartl ntake
During Drinking Episodes

Most participants reported that it wasfeasibleto takeindividual
photos of alcohoalic beveragesif they were drinking with amesl.
Participants reported that when they were drinking at parties or
in social gatherings, it was more difficult to capture individual
drink photos due to low lighting and social distractions.
However, participants were trained to use the method flexibly
and this appeared to facilitate data completeness. For example,
during social events/parties, most participants sent summary
photos of the number of drinks they consumed in one or two
images. Some participantstook before and after photos of liquor
bottles to indicate how much they consumed. Others stacked
solo cups and sent photos of all of their empty cups in one
after-drinking image, along with a text description. In their
interviews, participants reported that these methods hel ped them
send data while minimizing the impact of sending photos on
their socia interactions.

Smartl ntake Usein Social Situations

When asked to describe a time in which they forgot or almost
forgot to take a food or drink photo, the vast maority of
participants reported this happened while they were distracted

http://mhealth.jmir.org/2018/9/e10460/

RenderX

in social situations and on weekends when they were not in
norma routine. Both drinking occasions that participants
reported they missed capturing with Smartintake occurred in
social drinking situations and were heavy drinking episodes. In
addition, one third of participants (5/15) reported forgetting to
submit afood photo while eating out with friends (n=4) or when
eating on the run (n=1). The majority of participants (12/15,
80%) reported that using the app to record their acohol and
food intake did not make them feel uncomfortable. Three
participants described feeling dlightly awkward in social
situations when they first started using the app due to taking
out thereference card for each photo, but all reported thisfeeling
diminished by the second or third day of app use.

Aim 4: Within-Subjects Comparisons of Smartlntake
and Diet Recalls

Usage, preference, and alcohol use estimates are presented in
Table 3 and Figure 4. Usage was significantly higher with
Smartintake versus diet recals (t,,=2.26, P=.04, 95% ClI
0.03-1.04; Figure 2). All but one participant preferred
Smartintake over the diet recalls because it was easier to use
and took less time to complete (Smartintake, 14/15 vs diet
recals, 1/15; odds ratio [OR] 121.78; P<.001, 95% ClI
8.67-8055.30; Figure 4). Estimates of grams and calories
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consumed from alcoholic drinkswere not significantly different
from Smartlntake estimates when alcohol was reported (Table
3). The number of participants who submitted alcohol photos
using Smartintake was triple compared to the number of
participants who reported alcohol intake in the diet recalls,
although the difference missed dtatistical significance

Fazzino et d

(Smartintake, 9/15 vs diet recalls, 3/15; OR 5.61; P=.06, 95%
Cl 0.94-44.93; Figure 4). Across al participants, total alcohol
gramsreported through Smartintake was nearly double thetotal
gramsreported in recalls (Smartlntake=520.4 g vsrecal|s=281.3

Q)

Figure 4. Within-subjects comparisons of Smartlntake and online diet recalls for usage, preference, and alcohol use reports. Significance test of
compliance refers to within-subjects t test. Significance test for method preference refers to Fisher exact test. A significance of P<.05 is indicated by

an asterisk.
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Discussion

Principal Considerations

The current study demonstrated that using the RFPM and
Smartlntake mobile app to measure al cohol intake wasfeasible
and well accepted by college students who endorse a pattern of
heavy alcohol use. This pilot was the first to measure a cohol
use via mobile photography in real-time, thus circumventing
the potential for biases in participant-estimated drink size and
content. Our findings indicated that Smartintake captured the
majority of reported drinking occasions. Additionaly,
participants preferred using Smartlntake compared to standard
24-hour diet recalls administered online due to the convenience
and immediacy in submitting alcohol and food data that
SmartIntake afforded. Usage with Smartlntake was significantly
higher than with the diet recalls, despite the procedural
advantage that existed for the diet recalls, in that they could be
completed later. Alcohol use estimates per drinking occasion
were similar between methods when alcohol was reported.
However, the number of participants who submitted alcohol
photos with Smartlntake was triple compared to the number of
participants who reported alcohol use in the diet recalls. Thus,
our findings suggest Smartl ntake assessment may be preferable
asaway to gather detailed alcohol use data from young adults.

While SmartIntake methods captured the majority of reported
drinking occasions, alcohol use, and heavy drinking episodes
occurred less frequently than expected, based on the drinking
patternsthat participants endorsed at screening. Thus, our ability
to test Smartintake for assessing a full range of drinking
behavior waslimited, likely in part dueto our brief 3-day testing
period, even though it spanned the weekend. For example, 40%
of participantsdid not drink on the daysthey tested Smartintake,
although most reported typically drinking multiple times per
week. In addition, while most participants endorsed a pattern
of weekly heavy episodic drinking, only four drinking occasions
captured through Smartintake were heavy drinking episodes
and both occasions in which participants forgot to report their
alcohol use via Smartintake were heavy drinking episodes.
Thus, further work and a longer testing period is needed to
comprehensively evaluate the utility of Smartintakein assessing
heavy drinking episodes and a broader range of drinking
behavior.

Although Smartlntake usage was high, qualitative interviews
indicated that participants did occasionally forget to send photos
of alcohol and food in socia situations when they were
distracted. In addition, participants indicated that reminder
prompts were easy to miss or disregard, even though they
showed on participants’ phone screens, because they were not
sent as text messages (this has been rectified in the more recent
version of the Smartintake app, version 3). However, our
findings did indicate that participants found that the flexible
approach to reporting alcohol use with the app was most
acceptable and less disruptive in social drinking situations.
Given that most drinking episodes among young adults do occur
insocial settings[36], our futurework will befocused on further
devel oping methods that facilitate participant responsein social
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situations and in times of heightened distraction, while
minimizing impact on their social interactions.

M obile photo-based assessment of alcohol and food intake may
be particularly well suited to young adults due to similarities
with young adults' use of mobile phones, socia media, and
food and drink photography. For example, the vast majority of
young adults (85/103, 83%) use photo-based social media apps
such as Instagram regularly [37,38], and they often use social
media—based apps to display their food and beverage intake
[39,40]. Further, young adults commonly use photo-based social
media apps during drinking episodes, including at parties and
festivals[41,42]. Thus, Smartl ntake assessment may be anatural
extension of young adults' existing behavior with mabile
photography of food and beverageintake. Inthisway, preference
for and higher usage with Smartintake as compared to diet
recalls may have been influenced by participants greater
familiarity with photographing alcohol and food intake using
their smartphones.

Strengthsand Limitations

The study had several limitations. First, participantswere college
students and it is unclear to what degree findings would
generalize to the general population or clinical populations.
Second, we asked participantsto self-report whether they missed
capturing drinking occasionswith Smartlntake, which could be
subject to retrospective recall bias. However, participants
attended the follow-up interview the day after they completed
Smartlntake testing; thus, their memories of drinking over the
past 3 days were likely sufficiently reliable for identifying
number of drinks consumed [6]. We also structured the
qualitative interview in a manner to limit socialy desirable
responding. In addition, we compared Smartlntaketo diet recalls
that were completed in the parent study, which resulted in all
participants completing the diet recalls first, followed by
Smartintake. Thus, it is possible that the differences in alcohol
report rates across the two methods may be dueto other factors,
such astiming in the semester. However, if semester timing did
contribute to differences in alcohol use estimates, we would
expect that the diet recalls would have captured more frequent
alcohal reports. Drinking among college students is usualy
higher early and mid-semester, and lower around final exams
[43]. Diet recalls were conducted earlier in the semester, while
Smartintake testing was conducted towards the end of the
semester. Additionally, we did not ask participants about
whether they missed reporting alcohol use in the recalls, so we
do not have this information to compare directly with
Smartlntake data on percentage of drinking episodes captured.
Finally, our requirement that potential participants completed
1+ diet recall in the parent study may limit the generalizability
of the findings to participants who did not complete recalls.
However, the vast majority of participants in the parent study
did complete 1+ recall at each time point (96/103, 93% at Visit
1; 85/103, 85% at Visit 2; 74/103, 72% at Visit 3); thus, our
findings should generalize to the majority of the parent study
sample. However, future research is needed to test the level of
Smartlntake usage among individuals who do not engage with
standard diet recall assessment methods.
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Strengths of the study included the use of asamplethat endorsed
a pattern of heavy drinking, assessment of app usability via a
standardized questionnaire specific to computer/app technol ogy,
and within-subjects comparison between Smartintake and
standardized assessment methodol ogy.

Conclusions
Photo-based mobile assessment of acohol use with the

Fazzino et d

drinking behavior that captures data in near real-time and can
beremotely delivered. Thismethodology providesfine-grained
data on caloric and nutritional content of alcoholic beverages,
which will afford future opportunities to assess caloric
contributionsfrom alcohol and a cohol-rel ated eating to weight
gain and obesity in young adults. This method could aso
facilitate the development of future interventions that rely on
real-time treatment delivery using Ecological Momentary

Smartintake app may provide a scalable, objective measure of  |ntervention and Just-In-Time Adaption Intervention principles.
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Abstract

Background: Mobile health (mHealth) apps have the potential to be a useful mode of delivering HIV prevention information,
particularly for young men (13-24 years) who account for 21% of new HIV diagnoses in the United States. We translated an
existing evidence-based, face-to-face HIV prevention curriculum into a portable platform and developed a mobile Web app:
MyPEEPS Mobile.

Objective: The purpose of thisstudy wasto assess the usability of MyPEEPS Mobilefrom both expert and end user perspectives.
Methods: We conducted a heuristic evaluation with five experts in informatics to identify violations of usability principles and

end user usability testing with 20 young men aged 15 to 18 yearsin New York, NY, Birmingham, AL, and Chicago, IL to identify
potential obstacles to their use of the app.

Results: Mean scores of the overall severity of theidentified heuristic violationsrated by expertsranged from 0.4 and 2.6 (0=no
usability problem to 4=usability catastrophe). Overall, our end users successfully completed the tasks associated with use case
scenarios and provided comments/recommendations on improving usability of MyPEEPS Mobile. The mean of the overall
Post-Study System Usability Questionnaire scores rated by the end users was 1.63 (SD 0.65), reflecting strong user acceptance
of the app.

Conclusions:. The comments made by experts and end users will be used to refine MyPEEPS Mobile prior to a pilot study
assessing the acceptability of the app across diverse sexual minority young men in their everyday lives.

(IMIR Mhealth Uhealth 2018;6(9):€11450) doi:10.2196/11450

KEYWORDS

mobile apps; mobile health; information technology; health information technology; usability evaluation; adolescents; HIV
prevention; men who have sex with men

: were available globally on Apple iTunes and Google Play in
Introduction 2017, and the number of mHealth apps continues to increase
Background [2]. The ubiquitous nature of mobile phones brings convenience

to everyday lives and creates opportunities to deliver health
interventions in a portable format with enhanced privacy,
increasing accessibility to the health interventions particularly
tailored for stigmatized and disenfranchised populations [3-5].

With the rapid proliferation of mobile phone ownership across
the world, use of mobile technologies in health care has
expanded [1]. More than 325,000 mobile health (mHealth) apps

http://mhealth.jmir.org/2018/9/€11450/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 |€11450 | p.33
(page number not for citation purposes)

RenderX


mailto:hc2787@columbia.edu
http://dx.doi.org/10.2196/11450
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Choet a

Figurel. Four YMSM (young men who have sex with men) avatars on the MyPEEPS Mobile app.

MyPEEPS

mHealth technology specifically hasthe potential to be auseful
delivery mode of health information because it alows for the
dissemination of information quickly and broadly [6-8].

For the success of health information technologies, usability
must be considered from the start of system development [9],
yet few mHealth apps have undergone rigorous usability
evaluation prior to their dissemination [10]. Usahility factors
remain one of the magjor obstacles to adoption of mHealth
technol ogi es because mHeal th apps produced with poor quality
aredifficult to use, or are misused, which can lead to unintended
consequences [11-13]. Therefore, usability evaluations are
necessary to identify usability violations, guide system
modification, and enhance technology acceptance by end users
[14]. To provide the most effective and thorough usability
evaluation results, a combination of usability evaluation
techniques, including both experts and intended end users,
during the evaluations is recommended [15,16].

Study Context: MyPEEPS Intervention

In 2016, of the 39,782 peoplein the United States newly infected
with HIV, 21% were youth ages 13 to 24 years and 81% of
incident cases among these youth were diagnosed in young men
who have sex with men (Y M SM), disproportionately occurring
in African-American/black and Latino/Hispanic men [17]. An
original Male Youth Pursuing Education, Empowerment &
Prevention around Sexuality (MyPEEPS) intervention is a
theory-driven (ie, social cognitivetheory) [18], manualized HIV
prevention curriculum developed for racially and ethnically
diverse YMSM to address the need for an evidence-based HIV
prevention intervention for this population [19]. The
group-based, in-person intervention was found to be efficacious
on reducing sexual risk, specifically sexua risk while under the
influence of alcohol or drugs, in a 12-week feasibility trial.
Nonetheless, participant engagement proved chalenging due
totravel distance and logistics around scheduling agroup-based
intervention.

The use of mobile apps has been a popular way, particularly for
YMSM, to get health information, connect with gay friends,
and seek sex partners [20]. With the great promise of mHealth
technology, we tranglated the existing face-to-face intervention
into amobile platform using an iterative design process[21,22].
The mobile Web app, MyPEEPS Mobile, was implemented by
software developers at Little Green Software. MyPEEPS Mobile
is guided by four YMSM avatars (ie, Philip aka P, Artemio,

http://mhealth.jmir.org/2018/9/€11450/
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Nico, and Tommy; Figure 1) who manage their sexual health
against a backdrop of personal, family-based, and relational
challenges, and deliver the HIV prevention information to the
end users. MyPEEPS Mobile consists of 21 activities divided
into four modules or “PEEPScapades.” The activities include
didactic content, graphical reports, videos, and true/false and
multiple-choice quizzes. A user is required to complete the
activitiesin consecutive order. On completing each activity, the
user receives a trophy as a reward to promote continued
participation. The purpose of this study was to assess the
usability of the mHealth intervention, MyPEEPS Mobile, from
the perspectives of experts and end users.

Methods

Overview

We conducted two types of rigorous usability evaluations of
MyPEEPS Mobile. First, we conducted a heuristic evaluation
with informatics experts to identify violations of usability
principles. Next, end user usability testing was conducted with
target users, young men who are attracted to other men, to
identify obstacles to their use of MyPEEPS Mobile. The
Ingtitutional Review Board (IRB) of Columbia University
Medical Center in New York, NY, served as the central IRB
for this study and approved all study activities.

Heuristic Evaluation

Sample Selection

Five informaticians were invited via email to participate in a
heuristic evaluation of MyPEEPS Mobile. The sample sizewas
chosen in accordance with Niel sen’srecommendation to include
three to five heuristic evaluators, as no additional information
islikely to be produced with alarger sample[23]. Qualifications
of the expertsincluded (1) at least aMaster'sdegreein thefield
of informatics and (2) training in human-computer interaction.
These qudlifications were essential since the quality of the
heuristic evaluation is dependent on the skills and experience
of the usability experts[24].

Procedures

Heuristic evaluators were given a description of the full
functionality of MyPEEPS Mobile. Each heuristic evaluator
completed each of the 21 activities within the app (Textbox 1)
at least once.
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Textbox 1. Summary of the 21 activities on MyPEEPS Mobile.

I.Intro

1. Welcome to MyPEEPS

« Introduction to the app explaining what the user is to expect. User inputs name, telephone number, email address, and how they prefer to get
notifications.

2. BottomLine

o Userisasked the farthest they will go with a one-time hookup in a number of sexua scenarios (when | give head, when | top, etc) and given a
selection of responses about what they will and won't do and how they will do it (always use acondom, won't use acondom, will never do this).

3. Underwear Personality Quiz

«  User completes a personality quiz and is introduced to the avatars that they will be seeing in the app. Avatars' personality traits and identities
are shared with “gossip.”

4. My Bulls-|

«  Userisasked to think about their important identity traits and create alist of their top five favorite or best identity traits after seeing an example
of the activity done by one of the app avatars, P.

I1. #realtalk

5. P's On-Again Off-Again BottomLine

«  Video of atext conversation between two avatars, P and Nico, about P's new relationship and P ignoring his BottomLine. The user is asked to
complete questions about why P should be concerned about his BottomLine with a new partner. There are two videos with two sets of questions
(video - questions - video — questions).

6. Sexy Settings

«  Useris presented with a setting in which sex could be taking place and is given one potential threat to a BottomLine and are asked to select
another potential threat for the given setting.

7. Goin’ Downhill Fast

o Useris presented with information about drugs and alcohol and how they can affect a BottomLine. Resources for additional information about
drugs and alcohol are provided. After reading through the information, users complete a set of questions about the potential impact of drugs and
alcohol on their BottomLine.

8. Step Up, Step Back

o Userisintroduced toidentity traitsthat may identify them asaVIP (privileged)/non-VIP (nonprivileged) and then asked a series of identity-rel ated
guestions. An avatar representing the user moves back and forth in a line for a night club, relative to the avatars in the app, as questions are
answered.

9. HIV True/False

o User completes a series of true/false questions related to HIV, with information following a correct answer.

10. Checking in on Your BottomLine

o  User is given the opportunity to review and make changes to their BottomLine, taking into consideration any information that they may have
learned from completing the activities prior to this check-in.

I11. Woke Up Like This

11. P Gets Woke About Safer Sex

«  Userispresented a scenario about P trying to make hisway to the clinic to get tested. P experiences difficulties and rude behavior, and the user
is presented with recommendations for managing anger and frustration.

12. Testing With Tommy

«  User watches avideo about a character’s (Tommy) experience with getting tested for HIV for the first time. The video presents a clinic scenario
and a discussion with the HIV testing and prevention counselor. Information about accessing HIV testing services is provided.

13. Well Hung

o Userisintroduced to the association of HIV transmission risk with different sexual behaviors categorized into no risk, low, medium, and high
risk. The user completes an activity dragging and dropping a given sexual activity onto the risk category associated with the sex act.
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14. Ordering Steps to Effective Condom Use

o Userispresented with 12 steps for effective condom use and must correctly order the steps by selecting them chronologically from alist of all
the steps.

15. Checking in on Your BottomLine Again

«  Userisagain given the opportunity to review and make changes to their BottomLine, taking into consideration any information that they may
have learned from completing the activities prior to this check-in.

IV. Making Tough Situations L1 Tuations

16. Peepin Love

«  Userispresented a scene where Piswith his partner and wanting to engage in sexual activity without protection, aviolation of P's BottomLine.
The user is then asked about possible feelings and emotions that P might be having in the scene. An overview of the feelingsis given at the end
so the user can see the possible “swirl of emotions’ from the scenario. User is then given information about how to communicate effectively

with sex partners so that they can maintain their BottomLine.

17. 4 Ways to Manage Stigma

«  Userispresented with four stigma management strategies, then a scene for each of the four app avatars and asked to answer which strategy each

character is using in the scene.

18. Rubber Mishap

o Userisasked to complete a series of questions relating to condom usage as the screen shakes to mimic being under the influence of drugs or

alcohal.

19. Get aClue!

« Jumbled scenarios are created using either a shake of the phone or press of a button. User answers from given options how they would act in the
scenario, keeping the BottomLine and communication strategiesin mind.

20. Last Time Checking in on Your BottomLine

« User isagain given the opportunity to review and make changes to their BottomLine, taking into consideration any information that they may

have learned from completing the activities prior to this check-in.

21. BottomLine Overview

«  Userispresented with alist of their BottomLine selections since theinitial activity and subsequent check-ins.

Experts were instructed to think-aloud as they evaluated the
app. The process was recorded using a TechSmith Morae
Recorder [25], which enables the researcher to record and
analyze the audio recording and screenshots captured during
the heuristic evaluation. Following completion of the tasks,
heuristic evaluators were asked to rate the severity of the
violations using an online version of the Heuristic Evaluation
Checklist developed by Bright et al [26], based on Nielsen's 10
heuristics [27]. Each heuristic was evaluated by one or more
items and the overall severity of the identified heuristic
violations were rated into five categories: no problem (0),
cosmetic problem only (1), minor problem (2), major problem
(3), and usability catastrophe (4). The evaluatorswere also asked
to provide additiona comments regarding the user interface.
After the surveyswere completed, evaluatorsreceived US $150
as compensation for their time.

Data Analysis

All experts comments about usability problems on the
evaluation form and from the Morae recordings were compiled
and reviewed by two research team members. Discrepanciesin
coding the data according to the usability factors of Nielsen's
10 heuristics were discussed until consensus was achieved.

http://mhealth.jmir.org/2018/9/€11450/

Mean severity scores were calculated for each heuristic
principle.

End User Usability Testing

Sample Selection

For end user usability testing, potential participants were
recruited from local community organizations through the use
of passive and active methods (ie, convenience sampling; flyers,
posting on social media, and direct outreach at community-based
organizations) in New York, NY; Birmingham, AL; and
Chicago, IL. Eligibility criteria were (1) between 13 and 18
years of age, (2) self-identified as male, (3) male sex assigned
at birth, (4) understand and read English, (5) living within the
metropolitan area of one of the three cities, (6) ownership of a
mobile phone, (7) sexual interest in men and having either kissed
another man or plans on having sex with aman in the next year,
and (8) self-reported HIV-negative or unknown status. A sample
of 20 participants was anticipated to be sufficient because prior
research suggests an increasing benefit with samples up to 20
in usability testing (ie, the minimum percentage of problems
identified rose from 82% up to 95% when the number of users
was increased from 10 to 20) [28].
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Procedures

All participants were given a brief explanation of MyPEEPS
Mobile. The first 10 participants were provided with use case
scenario version 1 (Textbox 2); once data saturation was
achieved, the remaining 10 participants were provided with use
case scenario version 2 (Textbox 3). Participants were asked to
complete tasks using MyPEEPS Mobile on an iOS simulator
for Windows computers. While participants were doing the
tasks, the computer screen was video recorded using iMotions
software (iMotions Biometric Research Platform 6.0, iMotions
A/S, Copenhagen), which enablesresearchersto present images
or screen/scene recordings and synchronize datafrom a variety
of hardware platforms, if needed (eg, eye-tracking data),
simultaneously. After the participants compl eted the tasks, they
were then asked to watch arecording of their task performance
on the computer screen. Participants were encouraged to

Textbox 2. Use case scenario version 1 (N=10).
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retrospectively think-aloud and asked to verbalize their thoughts
about the tasks they completed while watching areplay of the
screen recordings. The process, including participants' verbal
comments, was audio recorded using Morae [25]. As part of
the usability assessment, participants were asked to rate the
app’susability using the third version of the Post-Study System
Usability Questionnaire (PSSUQ) [29] administered via
Qualtrics (Provo, UT, USA) following the testing of MyPEEPS
Mobile. The third version of the PSSUQ is a 16-item survey
instrument to assess system usability on a scale ranging from
1 (strongly agree) to 7 (strongly disagree) including a neutral
midpoint. A lower score on the PSSUQ indicates higher
perceived usability of the app. The study visit took
approximately 2 hours and participants were compensated US
$40 to US $50 for their time. Interested individuals were
consented for participation with awaiver of parental permission
for minors.

1. Log in to the MyPEEPS Mobile

o  Click on activity #1 “Welcome to MyPEEPS!” to begin

«  Collect the trophy from activity #2, “BottomLine”

«  Collect the trophy from #3, “Underwear Personality Quiz’

«  Collect thetrophy from #4, “My Bulls-1”

«  Collect thetrophy from #5, “P's On-Again Off-Again BottomLine’
«  Collect the trophy from #7, “ Goin’ Downhill Fast”

«  Collect the trophy from #8, “ Step Up, Step Back”

«  Collect thetrophy from #9, “HIV True/False”

«  Collect the trophy from #10, “Checking in on Your BottomLine’
«  Collect the trophy from #13, “Well Hung??’

«  Collect the trophy from #18, “Rubber Mishap”

2. View Settings
3. Log Out

Textbox 3. Use case scenario version 2 (N=10).

1. Log in to the MyPEEPS Mobile

o  Click on activity #1 “Welcome to MyPEEPS!” to begin

«  Collect the trophy from activity #2, “BottomLine”

«  Collect the trophy from #6, “ Sexy Settings”

«  Collect the trophy from #10, “Checking in on Your BottomLine’
«  Collect the trophy from #13, “Well Hung??’

«  Collect thetrophy from #17, “4 Ways to Manage Stigma’
«  Collect the trophy from #19, “Get a Clue!”

o  Collect the trophy from #21, “ BottomLine Overview”

2. View Settings
3. Log Out

«  Collect the trophy from #15, Checking in on Your BottomLine Again”

«  Collect the trophy from #20, “Last Time Checking in on Your BottomLine”

http://mhealth.jmir.org/2018/9/€11450/
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Data Analysis

Dataanalysiswas based on the audio/video recordings collected
by Morae [25] and iMotions software. Participants
verbalizations from the audio recordings were transcribed
verbatim. Notesof critical incidents, characterized by comments,
silence, repetitive actions, and error messages, were compiled
from the recordings. Content analysis, a technique for making
replicative and valid inferences from data, was performed by
two research team members by reviewing the transcripts and
critical incidentsto identify common usability concerns. A third
reviewer consulted in instances of uncertainty or discrepancy
inthe content analysis. Resultsfrom the PSSUQ were analyzed
using Stata SE 14 (StataCorp LP, College Station, TX, USA)
to calculate the descriptive statistics to complement the findings
from the usability assessment.

Results

Heuristic Evaluation

The mean age of the heuristic evaluators was 46.2 (SD 8.9)
years, and mean years of experience in informatics that they
had was 13.0 (SD 4.5) years. All the heuristic evaluators were
female, 60% (n=3) were Asian, and 40% (n=2) were white.
M ean scores and sample comments from the heuristic evaluation
were organized into Nielsen’s 10 usability heuristics (Table 1)
[27,30]. The mean scores of the overall severity of theidentified
heuristic violations ranged from 0.4 and 2.6, in which scores
closest to 0 indicate a more usable app.

The heuristic principle identified as the most in need of
refinement was “user control and freedom” (mean 2.60, SD
1.14). Experts pointed out that MyPEEPS Mobile did not allow
users the ability to move forward and backward: the “Back to
Map” button only appears at the beginning of each activity. The
second heuristic most identified for improvement wasvisibility
of system status (mean 2.20, SD 0.45). A total of 21 activities
divided into four PEEPScapades (Textbox 1) were displayed
along avirtua “map” within MyPEEPS Mobile (Figure2). The

Choet a

heuristic evaluators indicated that it was unclear which
PEEPscapade they werein on the map, and the app should keep
users informed about what was going on. Moreover, heuristic
evaluators identified that the white navigation arrows used to
advance through the " Testing with Tommy” activity and related
comics (eg, illustrating what symptoms to look for when it
comes to getting tested and treated for sexually transmitted
diseases) were not clearly visible (Figure 3).

In response to the usability factor “help and documentation”
(mean 1.60, SD 0.89), one expert pointed to the lack of an
instruction manual on how to navigate the app as a major
concern. To improve “match between system and the real world”
(mean 1.40, SD 0.89), expertsrecommended that anindividua’s
five important identity traits in the “My Bulls-1" activity (ie,
move most important at the top followed by second through
fifth; Figure 4) and response options for risk level in the “Well
Hung” activity (ie, move no risk to far left side, followed by
greater levels of risk to the right; Figure 5) be listed in a
natural/logical order.

End User Usability Testing

The mean age of the end userswas 17.4 (SD 0.88, range 15-18)
years. Demographic characteristics including race, ethnicity,
current student status, and education level arereported in Table
2. Sexua orientation was characterized using a gradient scale
ranging from exclusively gay/homosexual to exclusively
heterosexual, to capture the fluidity of sexuality at the time of
the survey. Descriptive statistics on technology use, including
type of mobile phone, social mediasites, and apps are reported
in Table 3. The mgjority of participants (85%, n=17) reported
almost constant internet use (more than several times a day).
The same percentage (85%, n=17) of participantsreported using
mobile devices (eg, mobile phone, tablet, and cell phone) as
opposed to using laptop/desktop (15%, n=3) to access the
internet in the past month. The mean duration of participants
use of mobile apps on a mobile phone per day was 9.40 (SD
5.52) hours.

Table 1. Mean severity scores® and sample comments from the heuristic evaluation.

Nielsen’s 10 usability heuristics Mean (SD)  Sample comments

Visibility of system status 2.20(0.45)  Unclear where | am on the map

Match between system and the real world 1.40(0.89)  Fiveidentity traits should belisted from top-most important to bottom-least important
User control and freedom 2.60(1.14) Unavailable “Back to Map” (only available at the beginning of each activity)
Consistency and standards 0.40(0.89)  Hints should be consistently provided for both incorrect/correct answers

Help usersrecognize, diagnose, and recover ~ 1.00 (1.00)  Error messages should provide with additional information of incorrect answers
from errors

Error prevention 1.00(1.41) Dataentry boxes should contain default values (eg, email address/phone number)
Recognition rather than recall 1.00(1.00)  Needinstructions on how to answer; vertical compression to see buttons
Flexibility and efficiency of use 0.80(1.30) Havean option of directly texting alink to friends

Esthetic and minimalist design 0.80(0.84)  Visua layout of “BottomLine Overview” should be redesigned for simplicity
Help and documentation 1.60(0.89) No manua on how to navigate the app

8Rating score from O=best to 5=worst; no usability problem (0), cosmetic problem only (1), minor usability problem (2), major usability problem (3),

and usability catastrophe (4).
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Figure2. Map on MyPEEPS Mohile.

Set Up MyPEEPS Profile
[(— W = '

P’s On-Again Off-Agai
BottomLine

Figure 3. Comics with unclear navigation.
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BottomLine Overview

HEY T. LISTEN. NICO SAID | SHOULD REACH OUT ABOUT
GETTING TESTED. BUT I'M TOTALLY NERVOUS. |

| FEEL YOU. | WAS SUPER
NERVOUS THE FIRST TIME
| GOT TESTED TOO.

Positive Comments

Overdl, our end users successfully completed the tasks
associated with the use case scenarios (Textboxes 2 and 3) and
provided positive comments regarding the use of MyPEEPS
Mobile. For example, participants liked the design and layout
of MyPEEPS Mobile. One participant stated:

The basic structure is that there's pretty much an
outline and you have four boys/men who are kind of
the charactersthat kind of take you along thisjourney
to HIV prevention and sexual health for MSM. This
issort of likefun. | like cartoons, videos, and quizzes.

Also, participants liked the ease of the overal app use. One
participant stated:

| think it was pretty easy once | got the hang of
moving to the side. | would just click the number and
then| would start the quiz. It wassimple. It was pretty
quick.

http://mhealth.jmir.org/2018/9/e11450/
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RenderX

Recommendations

General App Use

Participants provided recommendations to improve usability
by expressing their frustrations in general use of the app. For
example, severa participants commented that receiving error
messages over and over frustrated them. They suggested that
error messages may be more helpful if an explanation is
provided for wrong answers, and they preferred to be provided
with a correct answer after two wrong attempts. Moreover,
participants identified several terms might be difficult to
understand for younger participants (eg, ages 13-15 years). They
suggested that explanations be provided for potentially
unfamiliar terms (eg, related to sex work, such as
“client/tricks”). In addition to the supplementary explanation,
participants recommended that the key sexua heath
terms/keywords (eg, give head/get head/top/bottom) be bolded
for emphasis. Several participants reported an issue with the
“Previous’ button at the end of an activity; instead of taking
them to the previous page, it would erroneously take them back
to the beginning of the activity.
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Figure4. My Bulls-| activity.

Great! Here's your Bulls-1!

You will also be able to find it again under
Settings (top right corner)! Feel free to
take a2 screen-shot of it if yvou want to
share it later.

Figure5. Well Hung activity.

Rimming (licking
someaone's ass)

~
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Table 2. Demographic characteristics of participants (N=20).
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Characteristic n (%) New York (n=9), n (%) Chicago (n=7), n (%) Birmingham (n=4), n (%)
Gender identity

Male 20 (100) 9 (100) 7 (100) 4 (100)
Sexual orientation

Only gay/homosexual 14 (70) 7(78) 5(71) 2 (50)

Mostly gay/homosexual 2(10) 2(22) 0(0) 0(0)

Bisexual 3(15) 0(0) 2(29) 1(25)

Something else 1(5) 0(0) 0(0) 1(25)
Race

White 9 (45) 2(22) 4(57) 3(75)

Black or African-American 4(20) 2(22) 1(14) 1(25)

Hispanic or Latino/Latinx 4(20) 2(22) 2(29) 0(0)

Asian or Asian American 2(10) 2(22) 0(0) 0(0)

Multiracial 1(5) 1(11) 0(0) 0(0)
Ethnicity

Hispanic 9 (45) 6 (67) 3(43) 0(0)

Non-Hispanic 11 (55) 3(33) 4(57) 4 (100)
Current student status

Currently a student 16 (80) 8(89) 5(71) 3(75)
Highest level of education completed

Grade 8 2(10) 2(22) 0(0) 0(0)

Some high school 7(35) 3(33 3(43) 1(25)

High school diploma (GED?) 6 (30) 1(12) 3(43) 2 (50)

Some college 5(25) 3(33 1(14) 1(25)

8GED: General Equivalency Diploma.

Specific Activities Within the App

Participants a so provided comments on specific activitieswithin
MyPEEPS Mobile. For instance, several participants noted an
issue with the features and functions on an activity, Underwear
Personality Quiz, in which participants were introduced to four
YMSM avatars, and the four avatars personality traits were
shared with a“gossip” link (Figure 6). Participants had difficulty
recalling if they had viewed each avatar's gossip page. They
recommended that an indication mark (eg, checkmark) on the
top right corner of each avatar be shown when the avatar's
gossip has been viewed.

A running theme of the app was sexua risk reduction and
goal-setting through an activity called the BottomLine. In this
activity, participants were challenged to articulate how much
risk they were willing to accept for different sexual acts. They
were asked to continually reconsider these limits as they
progressed through the app (Textbox 1; the activity appears
four times throughout the app). At the end, participants were
presented with the activity #21, BottomLine Overview, which
shows them a chronological overview of how their BottomLine
changed as they progressed through the app. The participants
were then encouraged to continue to stick to their sexual health

http://mhealth.jmir.org/2018/9/€11450/

goals. Many participantsfelt that the activity required too much
reading (ie, full history of the end user’s BottomLine changes
for each sexua act), and/or they did not recognize that the
display reflected their own changes (ie, sel ected responseswhen
they previously completed thefour BottomLine activities). One
participant commented, “It was like a receipt. It was so long!
Oh, | thought it was other people s[BottomLines].” Rather than
afull report, participants suggested that we show only the most
current BottomLine responses and highlight where they made
changes. One participant stated:

I need only the most current bottom line. | feel like if
you click on the bottom line link, you should show
like the most current one, and then bel ow that maybe
like a link to see the previous ones.

Another participant commented:

Just divideit. Put like all of what | first answered my
bottom like, and have it separate in the first square,
and then, read it down in a different square, like point
out some changes I’ ve made to my bottom line since
thelast time. So, | can compare to the ones on top to
see how different they are so they're not all like
mixed.
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Table 3. Technology use by participants (N=20).
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Question Participants
Frequency of internet use, n (%)
Almost constantly 17 (85)
Severa times aday 3(15)
Devices used in the past month to accesstheinternet, n (%)
M obile phone/smartphone/mobile handheld device 17 (85)
L aptop/desktop 3(15)
M odel/type of mobile phone used, n (%)
iPhone 16 (80)
Android phone 2(10)
Windows phone 1(5)
Other (unknown) 1(5)
Freguency of using social media sitesin the past month, n (%)
Several times aday 17 (85)
About once aday 2(10)
Once every few weeks 1(5)
Top sitesor appsused for social networking, n (%)
Snapchat 18 (90)
Instagram 17 (85)
Facebook 9 (45)
Twitter 6(30)
YouTube 2(10)
Tumblr 2(10)
Linkedin 1(5)
Daily text messages sent and received on cell phones, mean (SD) 183.05 (204.03)
App use on mobile phones (hours/day), mean (SD) 9.40 (5.52)
Figure 6. Underwear Personality Quiz.
He identifies as pansexual or just “pan.
e is currently sin
hook-ups on Snapcha
nstagram.
PHILIP
Pre
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Table 4. Post-Study System Usability Questionnaire (PSSUQ) scores? (N=20).

Construct Mean (SD)
System quality 1.48 (0.59)
Information quality 1.87 (0.86)
Interface quality 1.55(0.77)
PSSUQ overall 1.63 (0.65)

8Rating score from 1=best to 7=worst (16 items).

Participants' perceived usability scoresrated using PSSUQ [29]
arereported in Table 4. Mean of the overall PSSUQ score was
1.63 (SD 0.65), reflecting strong user acceptance of MyPEEPS
Mobile.

Discussion

Principal Findings

Despite the proliferative use of mobile technologies in health
care, few mHealth apps have been released with consideration
of their quality through comprehensive and rigorous usability
evaluations. Given alack of evidence-based mHealth apps for
HIV risk reduction in high-risk populations, we developed a
mobile HIV prevention app for young men ages 13 to 18 years
and assessed the app’s usability through a heuristic evaluation
with informatics experts and end user testing to identify potential
usability issues.

Usahility factors remain obstacles to mobile technology
adoption. Usahility evaluations are foundational to the success
of achieving systems that meet human-computer interaction
principles and in many cases improve their application in a
real-world setting [31]. In the context of rigorous usability
testing of the systems, it is critica to choose the most
appropriate evaluation methods that meet the study aims and
ultimately achieve the goals of the systems. We employed two
usability evaluation methods most commonly used in usability
studies (ie, aheuristic evaluation and end user testing) to capture
different usability perspectivesfrom expertsand end users[32].
Similar to prior research, usability experts were more likely to
identify usability problemsrelated to general interface features
working in a natural and logical order [33,34], whereas end
users identified those related to impact on task performance
interacting with the app [ 16]. For example, contrary to feedback
received from experts in the heuristic evaluation regarding the
usability factor “match between system and thereal world,” our
end users did not identify the natural/logical order of response
options as a problem. Given the natural/logical order matched
to the real world, no risk (0) should start on the left ending with
higher risk (3) on the right in the Well Hung activity (Figure
5). An example of the attitude of end users regarding the
ordering issues was expressed by one participant, who stated,
“It was something that | didn’t really pay attention to. | would
say likel don’'t mind it. It doesn’t matter.” Inclusion of intended
end users in the usability testing, in addition to the heuristic
experts, enabled us to identify both logic and flow issues as
well as functionality most important to end users to support
overall engagement with the app [35].

http://mhealth.jmir.org/2018/9/€11450/

Use case scenarios play an important role in usability
eval uations, impacting the quality of usability testing [36]. The
use case scenarios should be formulated to facilitate
determination of system usability by researchers. Guided by
the objectives of usability testing, use case scenarios should
include key tasks that can provide valid usability data related
to users' experience with the app use. In this study, we utilized
two versions of use case scenarios to capture specific aspects
of representative tasks aswell as “big picture’ issuesrelated to
the goals of the app. For example, in the first version of use
case scenarios we included tasks that examine end users
performance on every type of learning activity including comics,
animated videos, and games. Given that the running theme
throughout the app was sexual risk reduction and goal-setting
via the BottomLine activity, in the next version of use case
scenarios we included all tasks to test end users engagement
in BottomLine activities in addition to the learning activities
we included in the first version. Using these different versions
of robust use case scenariosin end user usability testing enabled
usto identify areaswhere usability was a potential concern and
to obtain users’ valuable comments on their overall app use (ie,
version 1) as well as specific task performance (ie, version 2),
which is a strength of our usability study.

Although findings from our usability eval uationsyiel ded specific
feedback regarding ways to improve users experience, the
overall usahility scores rated by the PSSUQ were high, which
indicated that our app was perceived as highly usable. The
results support the potential for high acceptability of MyPEEPS
Mobile. The promising usability of the app provides a
foundation for user satisfaction in the planned randomized
controlled trial which aims to reduce sexual risk behavior in a
high-risk population.

Limitations

The generalizability of the results may be limited by the study
sample, settings, and inclusion/exclusion criteria. Our targeted
population was diverse YMSM living within the metropolitan
area in New York, Chicago, and Birmingham, and those who
had either kissed another man or planned on having sex with a
man in the next year. Results may differ in transgender groups,
other groupswho livein rural areas, or those who have more/less
experience in sexual activities. Although the age range for
inclusion in this study was between 13 and 18 years, our
participants were between 15 and 18 years of age, which may
differ in younger adolescent MSM (eg, 13-14 years of age). A
limitation of this study was related to the participants
self-reported data such as end users’ perceived usability scores,
which may be influenced and could bias the results.
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A limitation of this study was that we conducted the usability
evaluations on a computer as opposed to a mobile device. We
chose to conduct the eval uations on acomputer so that wewould
be able to analyze the data more effectively using Morae and
iMotions. Understanding that there may be differences in
computer and mobile device user interactions, we employed an
iOS simulator on the computer so that the app can be utilized
in the same manner as on a mobile phone. Although still a
limitation, the use of the iOS simulator minimized its impact.

Conclusions

We tested the usability for an evidence-based HIV prevention
mobile app intended for diverse YMSM through a heuristic
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Abstract

Background: Disease-related malnutrition is acommon challenge among hospitalized patients. There seemsto be alack of an
effective system to follow-up nutritional monitoring and treatment of patients at nutritional risk after risk assessment. We identify
aneed for amore standardized system to prevent and treat disease-related malnutrition.

Objective: We aimed to develop adietary assessment app for tabletsfor usein ahospital setting and to evaluate the app’s ability
to measure individual intake of energy, protein, liquid, and food and beverage items among hospitalized patients for two days.
We also aimed to measure patients’ experiences using the app.

Methods: We have developed the MyFood app, which consists of three modules: 1) collection of information about the patient,
2) dietary assessment function, and 3) evaluation of recorded intake compared to individual needs. We used observations from
digital photography of the meals, combined with partial weighing of the meal components, as a reference method to evaluate the
app’s dietary assessment system for two days. Differences in the intake estimations of energy, protein, liquid, and food and
beverage items between MyFood and the photograph method were analyzed on both group and individual level.

Results. Thirty-two patients hospitalized at Oslo University Hospital were included in the study. The data collection period ran
from March to May 2017. About half of the patients had 290% agreement between MyFood and the photograph method for
energy, protein, and liquid intake on both recording days. Dinner was the meal with the lowest percent agreement between
methods. MyFood overestimated patients' intake of bread and cereal s and underestimated fruit consumption. Agreement between
methods increased from day 1 to day 2 for bread and cereals, spreads, egg, yogurt, soup, hot dishes, and desserts. Ninety percent
of participants reported that MyFood was easy to use, and 97% found the app easy to navigate.

Conclusions: We developed the MyFood app as atool to monitor dietary intake among hospitalized patients at nutritional risk.
The recorded intake of energy, protein, and liquid using MyFood showed good agreement with the photograph method for the
majority of participants. The app’s ability to estimate intake within food groups was good, except for bread and cereals which
were overestimated and fruits which were underestimated. The app was well accepted among study participants and has the
potential to be a dietary assessment tool for use among patientsin clinical practice.

(JMIR Mhealth Uhealth 2018;6(9):€175) doi:10.2196/mhealth.9953
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Introduction

Disease-rel ated malnutrition isacommon challenge in patients
with chronic or severe diseases [1] with a prevalence of
30%-50% in hospitals [1-7]. Manutrition has several
health-related consequencesfor patients. It increases morbidity
and mortality [1,2,8-10], length of stay [2,3,9,11,12], and
readmission rates [2]. Disease-related malnutrition has
significant economic consequences for the health care system
[8,12-13].

According tothe Norwegian “ National guidelinesfor prevention
and treatment of malnutrition” [14] and European guidelines
recommended by the European Society of Clinical Nutrition
and Metabolism [15], all patients should be screened for
nutritional risk upon admission to hospital and weekly thereafter.
Information on the patient’s nutritional status and treatment
should be documented in medical records and communicated
to the next level of care. All patients at nutritional risk should
have an individual nutrition plan including documentation of
nutritional status, needs, dietary intake, and recommended
actions. Hospitals, nursing homes, and home care services are
responsible for integrating nutrition in the care and treatment
of al patients [14].

European data from the nutritionDay survey indicates that
dietary assessment is only performed for a small number of
patientsat nutritional risk and that documentation of food intake
israrely done[16]. Norwegian studies have reported that about
half [17] or fewer than half [7] of patients identified to be at
nutritional risk receive nutritional treatment. A barrier to
adequate nutritional care for malnourished patientsin hospitals
isthe absence of routines, asdemonstrated in qualitative studies
among nursesin Norway and Sweden [18,19]. Nurses report a
lack of tools to estimate patients' needs and the content of
energy and protein in hospital menus [11]. They aso report
insufficient knowledge and skills to identify and treat
mal nourished patients [18,20].

In the next decade, the need for healthcare will increase and,
there will be ashortage of labor. This should be met with more
effective, less people-demanding services and increased use of
welfaretechnology [21]. There seemsto bealack of an effective
system to follow up nutritional treatment in the healthcare
system. We have identified a need for a more standardized
system for prevention and treatment of disease-related
mal nutrition. To the best of our knowledge, no studiesregarding
development of an electronic decision support system for
prevention and treatment of disease-rel ated mal nutrition among
hospitalized patients at nutritional risk have been performed.

We developed an app, MyFood (MinMat), for mini tablet
computers as part of a decision support system to prevent and
treat disease-related mal nutrition. Assessment in the app isbased
on self-reported dietary intake where the patient (or a nurse)
records consumption of food and beverages. The memory of
intake, ability to estimate portion sizes, and perceptions of
socially desirable responses are well-known challenges
associated with self-reported dietary intake [22]. Self-reported

http://mhealth.jmir.org/2018/9/e175/
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methods for assessment of dietary intake have been found to
underestimate energy intake by approximately 20% when
compared to doubly labeled water [23-25]; dietary assessment
methods should always be validated because of these
methodological challenges [22]. Therefore, evaluation of
MyFood's ability to track the patients' dietary intakeisof crucial
importance.

The aim of this study was to develop a dietary assessment app
for tabletsfor use in ahospital setting and to evaluate the app’s
ability to measure individual intake of energy, protein, liquid,
and food and beverages for two days compared to photograph
observations combined with partial weighing as the reference
method. We also aimed to measure the patients' experiences
using the app.

Methods

Development of the MyFood App

My Food was developed by researchers at the University of
Odlo and Oslo University Hospital (OUH) and by interaction
designers and developers a the University Center for
Information Technology (USIT).

Nurses and patients were involved in the design process. Paper
sketches of MyFood were developed and explored with three
nurses and three patients at the Department of Gastrointestinal
Surgery at OUH, Rikshospitalet. The feedback we received was
used to modify the design and content of the app before the
technical development process began. A prototype of MyFood
was then devel oped and tested by four patients and two nurses.
Their feedback was used for additional modifications of MyFood
before the evaluation study was performed.

MyFood consisted of the following three modules:

Module 1: Collection of I nformation About the Patient

In the first module, the nurse, or other healthcare professional,
recorded information about the patient. This information
included: Norwegian patient registry (NPR) number, gender,
date of birth, height (in centimeters), weight (in kilograms),
whether the patient had a fever (and, if so, the number of
degrees, and whether the patient was following a special diet
or had any special preferenceswith regard to food or beverages.

Module 2: Dietary Assessment Function

Figure 1 showsthe main menuin the dietary assessment function
in MyFood.

Recording of food intake was done by first selecting the relevant
meal category and then selecting the category for the food or
beverage item. The food and beverage categories included
pictures of the different items. Pictures could also be found
using freetext search. After selecting thefood or beverageitem
consumed, the item amount was recorded. Portion size could
be selected with aprecision of ahalf unit. Figure 2 isaflowchart
of dietary recording in the app. Multimedia Appendix 1 shows
some selected print screens from MyFood.
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Figure 1. The main menu of dietary recording in the MyFood app.
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&
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&

Beverages

Today's intake

Figure 2. Flowchart on the dietary recording function in module 2.

Meal category

(Eg, Breakfast,
Dinner, Snacks)

Food/beverage
item category

Intake of energy, protein, and liquid was calculated based on
information of the nutrient content in standard units (eg, 1 slice
of bread, 1/2 glass of milk). The app included prompting
questions (eg, regarding the use of spreads when recording
intake of bread or regarding intake of beverages together with
meals). Hot disheswere recorded by selecting anicon depicting
the portion consumed (full, three quarters, half, one quarter;
Figure 2). If only components of the meal were consumed (eg,
1 potato) this could be recorded by choosing the “ate only
components’ function shown in Figure 3. Portion sizes for
beverages were recorded by selecting anicon depicting sections
of a glass/cup (full, three quarters, half, one quarter) or by
inputting the number of deciliters consumed.

The app included pictures of al food and beverages served at
OUH, Rikshospitalet. It also included pictures of different
groceries, food, and beverages that may be brought by relatives
or friendsfrom outside the hospital aswell as advanced medical
nutrition products. Nutritional information inthe app wasgiven
for the intake of energy (kcal), protein (grams), and liquid
(milliliters). Nutritional data were retrieved from an in-house
data program (KBS version 7.0), based on the Norwegian food
composition table [26], and from manufacturers.

Module 3: Evaluation of Recorded | ntake Compared to
Individual Needs

The third module automatically compared dietary intake with
individual requirements for energy, protein, and liquids. This
module was developed by including several algorithms in the
app. The algorithms estimated the patients’ daily reguirements
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for energy, protein, and liquids and were based on

recommendations from the Norwegian Directorate of Health
[14,27].

Technological Features

The data flow in the app used a Web form and secure storage
in“Servicesfor sensitivedata’ (or TSD, Tjenester for Sensitive
Data) [28] hosted by USIT (Figure 4). TSD meetsthe stringent
requirementsfor the processing and storage of sensitiveresearch
data and is included in NorStore, the Norwegian national
infrastructure for handling and storage of scientific data[29].
All recorded data were sent to TSD continuously during the
datacollection period. Therecorded datawere al so stored locally
on the iPad and visible in the app until 3 am the following day.
Thismadeit possiblefor the respondentsto edit their recordings
of dietary intake and the app was abl e to give the users feedback
on their intake of energy, protein, and liquid during the current
day. If the iPad was not able to send the data to TSD (eg,
missing internet connection), the data were encrypted,
temporarily queued, and resent as soon as the iPad was online
again. All iPadswere*“ clean” every morning and could possibly
be given to a new patient. The data were later retrieved from
TSD for data analysisin the evaluation study.

The Mobile Device Management System, AirWatch, was used
to control the iPads during the data collection period. If tablets
disappeared, we were able to clean the disappeared tablet
remotely and make it impossible to use until reopened via
AirWatch. It was possible to maintain total control of sensitive
data stored on the tablets using this system.
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Figure 3. Recording of hot dishesin MyFood.
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Figure 4. Dataflow inthe MyFood app. TSD: services for sensitive data.

MyFood
app

Evaluation of the MyFood App

Information on patient
dietary needs and intake

Participants

The evaluation study was performed at OUH, Rikshospitalet in
the Departments of Gastrointestinal Surgery and Hematol ogy.

Inclusion criteriawere:

- 218yearsof age
« 22 days of expected stay

Exclusion criteriawere:

*  Pregnancy

»  Specid infection precautions

»  Psychiatric patients

«  Criticaly ill patients

«  Patients not able to read the Norwegian language

Even though MyFood is designed to be used by patients at
nutritional risk, thiswas not an inclusion criterion as we wanted

to include patients eating various amounts of food to evaluate
the app. Based on a power of 0.8, asignificance level of P=.05
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and a calculated standardized difference of 1.0, 32 patientswere
included in the evaluation study.

Ethics

The study was performed in accordance with the Helsinki
declaration and was acknowledged by the Norwegian Regional
ethical committee (2016/1464), the Data protection officer at
OUH, and the Chief Information Security Officer at the
University of Oslo. Informed written consent was collected
from all participating patients.

Performance

Information about the study, including the nurses

responsibilities in the data collection period, was sent to all

nurses via e-mail. In the Department of Hematology, a
ten-minute presentation by the project workerswas held for the
nurses during the morning meetings of thefirst two days of the
datacollection period. The responsible nursein each department
identified patientswho met all of theinclusion criteriaand none
of the exclusion criteria.

The patients were registered in the app by a nurse or by one of
the project workers before breakfast. Information including the
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NPR number, height, weight, presence of fever, special diet, or
special preferenceswasregistered in the app before patient use.

Written instructions on how to record dietary intakein MyFood
were given to the patients and the nurses. Onceincluded in the
study, patients answered a form with information about
education, living conditions, and level of experience with apps
and tablets or smartphones.

Included patients were given a tablet (iPad mini 32GB) and
were asked to use MyFood for two days to record their intake
of food and beveragesfor the breakfast, lunch, and dinner meals.
If patientswere not ableto or did not want to record information
themselves, a nurse performed the dietary recording for them.
The patients were instructed to record dietary intake as soon as
possible after the mealsin order to get as precise recordings as
possible. They were a so informed both verbally and in writing
to record the intake for the breakfast, lunch, and dinner meals
only, not snacks or beverages consumed between the respective
meals. If patients did not find exactly what they had consumed
in the app, they were instructed to record something similar.

After two days of using MyFood, participants were asked to
answer a form regarding assumptions about comprehension,
content, and perceived value and usability of the app.

Reference Method

We used observations from digital photography of the meals
combined with partial weighing of meal components as the
reference method to evaluate the dietary assessment function
in MyFood. The reference method is further described as the
photograph method. A digital system camera (Sony
A500/16-50mm PZ objective) was mounted to a removable
trolley (85 cm * 50 cm) on an adjustable and pivotable tripod.
The camera lens was approximately 0.6 m above the trolley. A
researcher photographed the trayswith the patients’ meal before
and after consumption. The trays were marked with the study
participant nhumber. The numbered trays were placed on a
marked area on the trolley and a 30-cm ruler was placed on the
tray asareference size. The photographswere taken at an angle
of 45° to the trays so that in-depth images could be taken for
more convenient meal content estimation. In addition to the
observations from photographs, partia weighing of meal
components was performed by the researchers. Plates, glasses,
cups, and food items in separate packaging were weighed on
an electronic scale before and after the meal. In cases where
determining the type of food or beverage from the photographs
were chalenging (eg, whole fat or skimmed milk,
sugar-sweetened or light soft drinks, butter or margarine), the
patients were asked about what specific type of foods or
beverages they included in the meal.

Training of Project Workers

Two project workers underwent practice in photographing and
estimating portion sizes before the data collection, to secure a
standardized method and higher level of agreement. Thirteen
meals (both bread-based meals and hot dishes) were prepared
by a third person. The meals were prepared to illustrate the
portion size before consumption and after consumption, by
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removing all or parts of thefood. The mealswere photographed
before and after some or all the food were removed from the
tray. Glasses, plates, cups, and food itemsin separate packaging
were weighed. Both project workers observed the photographs
and cal culated the weights to estimate the consumption of food
and beverages. The interobserver reliability (IOR) between the
two project workers was calculated to be 0.92 for energy
content. The project workers' estimations of energy content
matched with the known energy content by 0.94. This was
considered satisfactory, based on criteriain other studies [30].

Data Handling and Statistical Analyses

The food and beverage intake observed from the photographs
and estimated from partly weighing in the evaluation study were
compared with the intake recorded in MyFood. Observed and
weighed intake was estimated separately by the two project
workers, before recording the datain an in-house diet calculation
system (KBS version 7.0). The project workers estimations
were compared with the requirement of an IOR above 0.85 for
energy, protein, and liquidsin each meal. If IOR was <0.85 the
calculations were repeated and recompared. In cases with
obvious typing mistakes, this was corrected by the respective
project worker. If the project workers had estimated different
amounts, the pictureswere re-eval uated, and the project workers
agreed on where to adjust the estimated amounts (in grams).
After corrections, the total IOR was 0.97 for energy, 0.98 for
protein, and 0.98 for liquid. A fina data file with estimated
consumption based on the photograph method was created by
averaging the estimations of the two project workers.

Statistical analyseswere performed using the statistical software
package IBM SPSS Statistics 24. All tests were two-sided with
a 5% level of significance. The data were analyzed on both
group and individual level. Differencesin theintake estimations
of energy, protein, liquid, and food groups, between MyFood
and the photograph method, were analyzed with Wilcoxon
Signed Ranks Test due to nonnormally distributed variables.
Multiple scatter plotsof consumption of energy, protein, liquid,
and selected food groups were used to illustrate the difference
between the estimated intake in MyFood and from the
photograph method for each individual subject. The differences
between the methods were assessed in total and divided into
the breakfast, lunch, and dinner mealsfor recording days 1 and
2 separately. To calculate omitted food items, one omission was
counted as an item observed from photographs in a meal but
not recorded in MyFood.

Results

Participants

The study sample consisted of 32 patients a OUH,
Rikshospitalet; 18 from the Department of Gastrointestinal
Surgery and 14 from the Department of Hematology. The data
collection period ran from March to May 2017, and the
participants were recruited continuously during the period. A
flowchart describing the recruitment process is illustrated in
Figure 5.
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Figure5. Flowchart of the recruitment process of study participants.
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Characteristics of the study participants areillustrated in Table
1. More than two-thirds were men and the age distribution was
from 17 to 77 years. About 40 percent of the participants were
characterized as normal weight, according to body mass index
(BM1) and more than half as overweight or obese. The majority
of the participants had some or alot of experience with apps
and smartphones or tablets.

Estimations of Energy, Protein, and Liquid
Consumption in MyFood Compared tothe Photogr aph
Method on Group Level

Table 2 shows the intake of energy, protein, and liquids
estimated in MyFood and the photograph method. The results
are presented for the total of breakfast, lunch, and dinner, and
separately for each meal.

The median intake of energy was not significantly different
between the methods the first day, except for lunch where
median recorded intake in MyFood was significantly higher
compared to the photograph method. The second day a
significantly lower median total energy intake was found in
MyFood compared to the photograph method. The opposite
was observed for the lunch and dinner meal.

Therecorded median protein intakein MyFood was significantly
lower for total intake, breakfast, and lunch, compared to the
photograph method on day 1. The second day the median intake
of protein for breakfast was significantly lower in MyFood,
compared to the photograph method. No other statistically
significant differences were found for median proteinintake on
day 2.

The median liquid intake showed relatively good agreement
between the methods on the group level. Only for breakfast the
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first day the median recorded intake was significantly lower in
MyFood compared to the photograph method.

Estimations of Energy, Protein, and Liquid
Consumption in MyFood Compared tothe Photogr aph
Method on Individual Level

Table 3 shows the percentage of the patients who had 90 and
80 percent agreement between their recordings in MyFood
compared to the photograph method, in total and separately for
the breakfast, lunch, and dinner meal.

About half of the patients had =90% agreement in total for
energy, protein, and liquid intake, somewhat lower for protein
and higher for liquids both recording days. The breakfast meal
had the highest proportion of participantswith 280% agreement
between the methods for al nutrient components both days,
except for protein intake thefirst recording day. The agreement
between the methods was lowest for the dinner meal.

Energy intake

Recorded individual energy intake in MyFood and intake
estimated from the photograph method areillustrated in Figure
6, which shows individual drop-plots from the first and second
recording days.

MyFood estimated the energy consumption relatively accurate
for the mgjority of the patients. On average for the two days,
approximately 70% of the participants had less than 20%
disagreement between the two methods, and approximately
50% had less than 10% disagreement (Table 3). For some
participants, theintake was overestimated in MyFood compared
to photograph observations (Figure 6). This overestimation was
more pronounced on day 1 than day 2. Thelargest discrepancies
with regard to energy consumption at the individual level were
found for the dinner meal thefirst day (Table 3).
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Table 1. Characteristics of participants (n=32) in the evaluation study of MyFood.

Characteristic n (%)
Hospital department
Gastrointestinal surgery 18 (56)
Hematol ogy 14 (44)
Gender
Men 22 (69)
Women 10 (31)
Age (years)?
<30 3(10)
30-39 3(10)
40-49 7(29)
50-59 8(26)
60-69 8(26)
70-80 2(7)
Body massindex (kg/m?)
<185 1(3)
185-24.9 13 (41)
25-29.9 14 (44)
>30 4(13)
Education
Primary and secondary schools 4(13)
Comprehensive school/high school 16 (50)
College/university <4 years 6 (19)
College/university >4 years 6 (19)
Earlier experienceswith apps and smartphones/tablets
None/little 3(9)
Some (use sometimes) 9(28)
A lot (use often/daily) 20 (63)

3Mlissing n=1.

Protein I ntake

The individual protein consumption recorded in MyFood,
compared to the photograph method showed relatively
coinciding agreement. The agreement was most coinciding on
day 2 (Multimedia Appendix 2). On average for the two days,
about 70% of the participants had less than 20% disagreement
between the two methods, and just below half of the participants
had less than 10% disagreement (Table 3). The discrepancy
between the methods was largest for the dinner meal (Table 3).

Liquid Intake

The agreement between the methods for low and medium liquid
intake was good, with a tendency to increased deviations for
higher intakes. This was seen on both recording days
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(Multimedia Appendix 3). On average for the two days, about
60%-70% of the participants had less than 20% disagreement
in liquid intake between the two methods, and about 50% had
less than 10% disagreement (Table 3).

Estimations of Food | ntake in MyFood Compared to
the Photograph Method on Group Level

The consumption (grams) within food groups are shown in
Table 4. No satistically significant differences were seen
between the methods, except for bread and cereadls, and fruits.
The median recorded intake of bread and cereds was
significantly higher in MyFood compared to the photograph
method, both recording days. Median fruit intake was
significantly lower in MyFood the first recording day.
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Table 2. Energy, protein, and liquid consumption recorded in MyFood compared to the photograph method. The data are presented as a total of the
breakfast, lunch, and dinner meals, and separately for each meal.

Energy, protein and liquid Mean Median (25-75 percentile) P value
Energy
Day 1
Breakfast (n=28) 732
MyFood 471 398 (244-616)
Photograph method 458 373 (222-373)
Lunch (n=27) 042
MyFood 408 389 (262-494)
Photograph method 382 308 (201-308)
Dinner (n=27) 582
MyFood 476 468 (210-711)
Photograph method 461 477 (226-575)
Total (n=32) 112
MyFood 1157 1039 (556-1541)
Photograph method 1102 951 (446-1495)
Day 2
Breakfast (n=29) 742
MyFood 400 374 (223-527)
Photograph method 407 367 (175-630)
Lunch (n=20) .022
MyFood 454 501 (258-608)
Photograph method 394 418 (245-514)
Dinner (n=20) 012
MyFood 489 413 (134-820)
Photograph method 425 368 (105-696)
Total (n=29) 0092
MyFood 1050 928 (380-1876)
Photograph method 972 957 (308-1720)
Protein (g)
Day 1
Breakfast (n=28) .02
MyFood 16.2 13.5 (6.4-23.5)
Photograph method 18.2 14.3(6.9-27.7)
Lunch (n=27) .001
MyFood 13.0 10.0 (8.0-18.0)
Photograph method 14.6 13.1(7.8-20.2)
Dinner (n=27) 22
MyFood 15.2 14.5 (3.0-20.5)
Photograph method 16.8 14.3(6.1-22.8)
Total (n=32) .046
MyFood 38.0 35.0 (17.4-45.6)
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Energy, protein and liquid Mean Median (25-75 percentile) P value
Photograph method 422 38.4(14.0-62.1)
Day 2
Breakfast (n=29) <.001
MyFood 14.1 11.0 (5.0-19.8)
Photograph method 16.1 15.8 (5.7-22.0)
Lunch (n=20) 31
MyFood 14.2 13.3(5.9-20.3)
Photograph method 12.9 11.5(7.8-16.7)
Dinner (n=20) .97
MyFood 17.6 15.3 (5.3-30.4)
Photograph method 17.6 16.5(3.9-28.7)
Total (n=29) 15
MyFood 36.1 28.0 (8.5-61.5)
Photograph method 37.1 34.6 (9.1-61.4)
Liquid (ml)
Day 1
Breakfast (n=28) .02
MyFood 292 272 (158-412)
Photograph method 339 320 (202-466)
Lunch (n=27) 72
MyFood 287 256 (194-409)
Photograph method 285 257 (159-374)
Dinner (n=27) .33
MyFood 336 304 (189-304)
Photograph method 332 326 (222-445)
Total (n=32) 71
MyFood 781 696 (479-1047)
Photograph method 808 643 (461-1227)
Day 2
Breakfast (n=29) 97
MyFood 301 287 (169-429)
Photograph method 303 312 (162-435)
Lunch (n=20) .87
MyFood 275 251 (142-405)
Photograph method 260 256 (154-345)
Dinner (n=20) .06
MyFood 311 269 (84-540)
Photograph method 273 245 (58-487)
Total (n=29) A1
MyFood 706 587 (313-1077)
Photograph method 670 559 (318-1029)

Djfferences between MyFood and the photograph method for the breakfast, lunch and dinner meal. The totals of these meal's are tested with Wilcoxon
Signed Rank test separately for each recording day.
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Table 3. Proportions with 90% and 80% agreement between MyFood and the photograph method in estimated intake of energy, protein, and liquids.

Energy, protein and liquid Percent agreement
90% 80%
Day 1
Energy
Total (n=32) 47 69
Breakfast (n=28) 46 79
Lunch (n=27) 48 59
Dinner (n=27) 30 52
Protein
Total (n=32) 44 66
Breakfast (n=28) 32 64
Lunch (n=27) 44 74
Dinner (n=27) 19 41
Liquids
Total (n=32) 53 63
Breakfast (n=28) 39 68
Lunch (n=27) 48 63
Dinner (n=27) 26 44
Day 2
Energy
Total (n=29) 55 76
Breakfast (n=29) 45 66
Lunch (n=20) 40 55
Dinner (n=20) 25 50
Protein
Total (n=29) 48 83
Breakfast (n=29) 52 69
Lunch (n=20) 35 55
Dinner (n=20) 40 50
Liquids
Total (n=29) 59 72
Breakfast (n=29) 52 69
Lunch (n=20) 45 65
Dinner (n=20) 45 55
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Figure 6. Drop plotsillustrating individual intake of energy recording day 1 (n=32) and recording day 2 (n=29). Y-axis represents energy intake (kcal).
X-axis represents participant number ranged with increasing energy intake according to the photograph method. Equal energy intake from app and

photograph observations is presented with only black dots.
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Estimations of Food | ntake in MyFood Compared to
the Photograph Method on I ndividual L evel

Table 5 shows the percentage of the participants who had 90
and 80 percent agreement between their recordingsin MyFood
compared to the photograph method within food groups. Egg
was the food group with the best agreement between MyFood
and the photograph method with the majority of the estimations
>90% agreement. The food groups with the lowest agreement
were fruit and vegetabl es. The agreement between the methods
increased from day 1 to day 2 for bread and cereals, spreads,
€gg, yogurt, soup, hot dishes, and desserts.

Estimated bread and cereal consumption was, in most cases,
higher in MyFood compared to estimati onsfrom the photograph
method (M ultimedia Appendix 4). On average for thetwo days,
about 60% of the participants had less than 20% disagreement
in estimated bread and cereal intake between the two methods,
and about 25% had less than 10% disagreement (Table 5).

Recordings of spreadstended to be lower in MyFood compared
to the photograph method when the intake increased
(Multimedia Appendix 4). About 70% of the participants had
less than 20% disagreement between MyFood and the
photograph method in estimated intake of spreads on day 2,
compared to 50% on day 1 (Table 5).

Thefood group with the largest deviations between the methods
was hot dishes. The discrepancies were highest the first day
(Multimedia Appendix 5). About 30%-40% of the participants
had =80% agreement between the methods (Table 5).

On average for the two days, about 70% of the participants had
less than 20% disagreement in estimated intake of cold
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beverages between the two methods, and about 50% had less
than 10% disagreement (Table 5). No particular pattern in
discrepancies of cold beverages between the methods was seen
(Multimedia Appendix 5).

Omitted Food Itemsin MyFood Recor dings Compar ed
to the Photograph M ethod

The number of food and beverage items recorded in MyFood
and observed from photographs was calculated (Multimedia
Appendices 6 and 7). The first day the number of medical
nutrition drinks, cheese, fish-based spreads, and meat-based
spreads recorded had 100% matches between the methods
(Multimedia Appendix 6). The second day 100% matcheswere
found for the recordings of hot dishes, medical nutrition drinks,
vegetables, and meat-based spreads (M ultimedia Appendix 7).
Butter, margarine, and mayonnaise (27% omissions both days),
fruit (27% omissions on day 1), vegetables (28% omissions on
day 1), yogurt (27% omissions on day 2) and meal condiments
(29% omissions on day 1, 33% omissions on day 2) were the
food groups most often omitted among participants (Multimedia
Appendices 6 and 7). Five participants had duplicate recordings
of some meal components the first day and one participant the
second day.

Patients Experiences Using the MyFood App

Ninety percent of the participants reported that MyFood was
easy to use. All but one (97%) of the participating patientsfound
the app easy to navigate in. Most of the patients (87%)
experienced to record correct amount of foods and beverages.
Thirteen percent had to acquire new knowledge to use the app.
Seventy-one percent reported to be become more aware of the
amount of foods and beverages needed, after using MyFood.
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Table 4. Food and beverage intake (grams) recorded in MyFood and estimated in the photograph method. Significant P values (<.05) arein italics.

Food and beverages MyFood (grams) Photograph methods (grams) P value®
Median (25-75 Mean (SD) Median (25-75 Mean (SD)
percentile) percentile)

Day 1
Bread and cereals (n=23) 110 (50-180) 134 (106) 93 (44-150) 110 (80) <.001
Spreads? (n=22) 72 (22-120) 77 (59) 89 (20-135) 90 (74) A7
Egg (n=11) 56 (56-72) 61 (34) 56 (56-96) 68 (29) 18
Yogurt (n=9) 150 (100-223) 154 (81) 190 (101-292) 186 (94) .09
Cold beverages (n=30) 350 (200-463) 360 (216) 400 (203-534) 383 (185) 35
Hot beverages (n=9) 200 (149-350) 244 (147) 200 (145-394) 261 (175) 24
Oral nutritional supplements (n=3) 200 (0-400) 200 (200) 200 (150-400) 250 (132) 32
Soup (n=9) 225 (225-270) 235 (114) 202 (147-307) 219 (119) 37
Hot dishes (n=20) 217 (0-419) 222 (212) 238 (80-344) 245 (165) 58
Desserts (n=12) 58 (10-80) 49 (32) 57 (27-78) 63 (50) 86
Fruit (n=10) 30 (0-94) 44 (49) 91 (57-148) 101 (47) 04
Vegetables® (n=10) 35 (5-60) 51 (64) 60 (38-103) 76 (50) 18

Day 2
Bread and cereals (n=24) 83 (40-159) 100 (67) 72 (30-137) 86 (62) <.001
Spreads® (n=17) 44 (23-60) 56 (47) 54 (24-81) 64 (50) 13
Egg (n=8) 56 (50-56) 67 (60) 56 (50-56) 68 (59) 32
Yogurt (n=8) 150 (75-150) 118 (63) 145 (90-170) 131 (50) 78
Cold beverages (n=25) 300 (200-600) 362 (247) 335 (183-559) 358 (239) .88
Hot beverages (n=9) 200 (170-300) 221 (133) 182 (112-282) 192 (124) 16
Oral nutritional supplements (n=3) 125 (50-225) 135 (96) 200 (220-225) 210 (22) A1
Soup (n=5) 135 (0-225) 117 (113) 111 (79-226) 144 (80) 35
Hot dishes (n=14) 390 (74-425) 296 (221) 329 (150-384) 296 (142) 62
Desserts (n=11) 80 (55-80) 75 (42) 55 (45-126) 80 (54) 77
Fruit (n=6) 13 (0-98) 43 (61) 63 (55-104) 80 (46) .09
Vegetables® (n=10) 13 (0-71) 36 (47) 13 (0-71) 36 (18) .88

Djfferences between the methods are tested with Wilcoxon Signed Rank test.
BIncludes butter/margarine/mayonnai se, sugary-based spreads, meat-based spreads, mayonnaise-based spreads, fish-based spreads, and cheese.

®Does not include vegetables as part of hot dishes.
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Table 5. Proportions with 90% and 80% agreement between MyFood and the photograph method in estimated intake within food groups.

Food and beverage items

Percent agreement

90% 80%

Day 1
Bread and cereals (n=23)
Spreads? (n=22)
Egg (n=11)
Yogurt (n=9)
Cold beverages (n=30)
Hot beverages (n=9)
Oral nutritional supplements (n=3)
Soup (n=9)
Hot dishes (n=20)
Desserts (n=12)
Fruit (n=10)
Vegetables? (n=10)

Day 2
Bread and cereals (n=24)
Spreads® (n=17)
Egg (n=8)
Yogurt (n=8)
Cold beverages (n=25)
Hot beverages (n=9)
Oral nutritional supplements (n=3)
Soup (n=5)
Hot dishes (n=14)
Desserts (n=11)
Fruit (n=6)

Vegetables® (n=10)

22 57
23 50
82 82
33 67
57 77
44 67
67 67
22 56
15 30
8 42
10 20
20 40
29 63
53 71
88 88
50 75
44 68
44 67
67 67
40 60
14 36
27 55
0 17
10 20

8 ncludes butter/margarine/mayonnaise, sugary-based spreads, meat-based spreads, mayonnaise-based spreads, fish-based spreads, and cheese

PDoes not include vegetables as part of hot dishes.

Discussion

Principal Findings

The MyFood app is developed for use among hospitalized
patients at nutritional risk. According to the Norwegian Safety
Program: “In Safe Hands’ [31] all patients at nutritional risk
should have anutritional assessment, including dietary recording
to compare intake against individual needs of energy, protein,
and liquids. Further, nutrition-related measures should be
performed and an individual nutrition plan created, before
performing a reassessment after 3 days [31]. We found that
60%-80% of the participants had less than 20% disagreement
between estimated intake of energy, protein, and liquids in
MyFood and the photograph method. The agreement between
the methods was higher the second recording day, compared to

http://mhealth.jmir.org/2018/9/e175/

the first, and for the breakfast and lunch meal compared to the
dinner. Recorded consumption of bread and cereal s was higher
in MyFood compared to the photograph method both days.
Spreads; particularly butter, margarine, and mayonnaise, fruit,
vegetables, and mea condiments were the food groups most
often omitted by the patients. The majority of the patients rated
MyFood as easy to use.

To our knowledge, no similar study has been conducted in
patients to allow direct comparison of results.

The Accuracy of MyFood’s Estimations of Energy,
Protein, and Liquid on Group L evel

Even though the main objective of the study was to evaluate
recorded intake in MyFood on the individual level, estimated
intake on the group level was analyzed to investigate if overall
disagreement was present. The median total energy intake was
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not different between the methods the first recording day,
however, a lower median intake in MyFood compared to the
photograph method was found the second day. Underestimation
of energy intake is often seen in validation studies of
self-reporting dietary assessment tools among healthy adults
[32] and among hospitalized patients [33]. This is also found
for technology-based records [34,35]. MyFood's target
population ispatientsat nutritional risk who often have reduced
food intake compared to needs[16]. Intentional underreporting
of food intake may not be as relevant for our target population
compared to healthy populations.

Median recorded protein intake was|ower in MyFood compared
to estimations from the photograph method in total, for
breakfast, and for lunch recording day 1, and for breakfast
recording day 2. This deviates from resultsin other validation
studies on electronic dietary assessment tools. Raatz and
coworkers [36] and Fukuo and colleagues [37] did not find a
different recording of protein intake among healthy subjectsin
apersonal digital assistant and a\Web app, compared to 24-hour
dietary recall and paper-based food records, respectively. Sliced
bread with different types of spreads typicaly constitutes
Norwegian breakfast and lunch meals, also in hospitals. Half
of the participants had up to 20% disagreement in consumption
of spreads between MyFood and the photograph method, and
the individual drop-plots demonstrated that MyFood estimated
lower intake of spreads compared to the photograph method for
several participantson day 1. Spreads are often a protein source
in bread-based meals. The agreement between the methods in
intake of spreads was better the second day.

Recorded liquid intake in MyFood showed generally good
agreement with the photograph method. However, recorded
intaketo the breakfast meal thefirst day was significantly lower
compared to the photograph method. Several of the participants
consumed both cold and hot beverages for the breakfast meal.
This may have increased the chance of not remember to record
all types of beverages consumed.

The Accuracy of MyFood's Estimations of Energy,
Protein, and Liquid on Individual Level

The main aim of the present study was to evaluate MyFood's
ability to estimate the patients' dietary intake on an individual
level. This contrasts most other validation studies which focus
on mean intake on group level and cross-classification, but not
on absolute intakes. We evaluated MyFood compared to the
photograph method for two separate days. A comparison of
one-day and three-day calorie countsto estimate dietary intake
by Breslow and Sorkin [38] suggested that 1-day cal orie counts
may be a valid alternative to the more labor-intensive 3-day
count commonly performed in hospitalized patients. Farli and
coworkers argue, however, that one day may be too short to
estimate dietary intake among hospitalized patients [33]. The
MyFood app isintended for use over several days, to follow-up
dietary intake. Thisisin linewith the common recommendation
a Odo University Hospita of using paper-based dietary
assessment formson adaily basisfor patients at nutritional risk.
The dietary recording in MyFood is more detailed than the
paper-based forms used today by including a higher
differentiation between type of meals and meal items. MyFood
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also includes more alternatives for portion sizes and provides
the possibility to only record components of composite dishes.
By these means there are reasons to assume that MyFood will
provide a higher accuracy of the patient’s diet than the
paper-based forms, if used correctly.

Theindividual drop-plots presented in the present study showed
an overestimation of energy intake in MyFood, compared to
the photograph method for some participants and
underestimation for others. An explanation may be that both
duplicate recordings and omissions of food itemswere observed.
Five participants had duplicate recordings of some meal
components the first day and one participant the second day.
Thelargest discrepanciesin energy intake between the methods
on theindividual level were found for the dinner meal the first
day. Thismay be explained by inaccurate estimation of portion
sizesfor hot dishes. We found that several participants selected
afull portion, even though not consuming a whole plate. The
discrepanciesin individual energy intake between the methods
were wider the first recording day, and more coinciding the
second day. We also observed fewer duplicate recordingsin the
app the second, compared to the first recording day. This may
be due to a learning effect where the patients became more
familiar with the app after one day of recording. A tendency to
such alearning effect was observed in general in the evaluation
study. A potential learning effect with the repeated use of a
computerized dietary assessment tool was also found in a
validation study among 41 adults with type 2 diabetes mellitus.
The authors argued that the patients became more familiar with
the website with repeated use [39].

We found a tendency to lower recorded protein intake in
MyFood compared to the photograph method for participants
with higher protein intake. This may be explained by the
omission of typical protein-rich spreadswith higher intakes due
to recall bias. Cheese was omitted by three participants, ham
by two participants, and egg by one participant. The second
recording day the recorded protein intake in MyFood was more
coinciding with the estimated protein intake in the photograph
method.

Liquid consumption on individual level showed a tendency to
increased deviations between MyFood and the photograph
method among participantswith ahigher liquid intake. Thefirst
day the patient with the largest deviation had omitted both coffee
and milk from the app recordings. The second day the intake
recorded in MyFood was higher compared to the photograph
method for some of the participants due to the recording of a
full glass in the app, even though only consuming half or
three-quarters of afull glass size.

The proportion of participants having less than 20%
disagreement in MyFood and the photograph method was 69%
for energy intake, 66% for protein intake, and 63% for liquid
intake thefirst day, whereasthe corresponding proportionswere
76% for energy, 83% for protein and 72% for liquid intake the
second day. This may be due to alearning effect as discussed
above.
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The Accuracy of MyFood's Estimation Within Food
Groups

The magjority of the food groups showed good agreement
between MyFood and the photograph method on the group level.
Good agreement in recording of food groups is consistent with
findings from a validation study on a dietary assessment app
for smartphones compared to repeated 24 h recall interviews
[40] and Foodbook24; a Web-based dietary assessment tool
[41]. The median intake of bread and cereals was higher in
MyFood compared to the photograph method both recording
days. Based on photograph observations and partial weighing
this was found to be due to too large portion sizes of diced
bread and bread rolls in the app compared to the actual sizes
served at the hospital. Recorded fruit intake was significantly
lower in MyFood than consumption observed from photographs
thefirst recording day. A possible explanation isthat fruit intake
was omitted by 27% of the participants on day 1. Medin and
coworkers aso found a high omission rate of fruits in a
validation study among school children[30]. About 80% of the
participants had more than 20% di sagreement between estimated
fruit consumption in MyFood and the photograph method both
recording days. The majority of the participants fruit
consumption was preprepared fruit boxes with diced fruits.
Based on the photograph method including observations and
partial weighing we found the fruit boxes in the app to be
disproportionately lower than the size most often observed and
weighed. Revision of portion sizes for bread and cereals, and
fruit cups, will probably lead to more accurate recordings of
these food groups in the MyFood app.

In the present study, some of the standard portion sizes of hot
dishes included in MyFood seemed to be too large compared
to actual size served to the patients. A full portion size in
MyFood was based on information from the hospital kitchen at
OUH, Rikshospitalet on how standard portion sizes should be
constituted when served. The visibility and description of what
congtitutes a full portion size in MyFood (Figure 2) may not
have been clear enough for the patient. Several patients may
have assumed eating a whole standard portion if the plates
seemed full. In addition, studies have shown that small portion
sizes tend to be overestimated and large portion sizes to be
underestimated [42,43], and the former may have occurred in
our study.

Twelve percent of foods and beverageswere omitted in MyFood
the first day, and 11% the second day. The food group most
often omitted both recording days was butter, margarine, and
mayonnaise. When recording severa types of spreads, butter
and margarine are typically easy to forget. Spreads were found
to be among the food items most often omitted in a validation
study of aWeb-based dietary assessment tool among 117 school
children [30]. The omission of food items in meals consisting
of several secondary ingredients, like sandwiches, has been
argued to be more common than in less composite meals [44].
Frequent omission of margarine was aso found by Ferli and
colleagues [33] in a validation study of a self-administered
dietary assessment form among 45 patients at OUH,
Rikshospitalet. Prompting of questions related to the use of
butter/margarine will be included in the further development
of MyFood.

http://mhealth.jmir.org/2018/9/e175/
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Acceptance of Use by the Patients

The majority of the patients found MyFood easy to use and
more than 70% became more aware of own nutritional needs.
Electronic dietary assessment tools are generally well accepted
and preferred over conventional methods among healthy subjects
[46]. Our study population included patients ranging from 17
to 77 years with amean age of 51 years. It is possible that use
of an app for tablets is a larger barrier among older patients.
However, qualitative studies among older persons have
demonstrated that elderly persons often are positive to using
tabletsand eager to learn, even though cognitive deficitsincrease
by age and low self-efficacy may limit the potential for use
[47,48].

Strengthsand Limitations

The development process of the MyFood app involved nurses
and patients, which is considered an important strength. The
evaluation of recorded dietary intakein MyFood was compared
to observations from meal photographs. The photograph method
is avalidated tool for assessment of dietary intake, compared
to weighed records [45,49]. In addition, we combined the
photograph observations with partial weighing of meal
components which probably strengthened the method. Our
photograph method is associated with different measurement
errors than the dietary assessment functionality in MyFood,
which is also considered an important strength. In addition to
validate the MyFood app with regard to the accuracy of dietary
recording we also investigated the users' experiences with the
tool. A recent scoping review on the use of technology in
identifying hospital malnutrition highlighted the importance of
establishing usability rating to determine the app’s actual
usefulnessin practical settings [50].

A limitation of the study isthat only dietary intake to breakfast,
lunch, and dinner was evaluated. Energy consumption for the
breakfast, lunch, and dinner meals together have been reported
to account for 85% of patients total intake [33]. By not
including the total intake we do not know how accurate the
dietary assessment functionin MyFood estimate intake to snack
meals, evening meals, and beverage intake in-between meals.
Another potential limitation is that the patients knew that the
researchers were taking photographs of their meals before and
after consumption. This may have influenced their recording
in the app by acting as a reminder. The evaluation study was
performed among patients at ahematol ogy and agastrointestinal
surgery department. We do not know whether our findings are
representative for other groups of patients. Theincluded patients
were al sick, some quite severe. The presence of disease and
fatigue may have influenced the precision of the recordings.
MyFood is intended for use among patients at nutritional risk.
Nutritional risk was, however, not an inclusion criterion in the
present study, aswe wanted to evaluate the app for patientswith
both small and larger food intake. Only patients with a certain
food intake orally wereincluded and we, therefore, do not know
how the dietary assessment function in MyFood measures the
intake for patients with tube feeding or parenteral nutrition.
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MyFood's Potential for Use asa Dietary Assessment
Tool Among Hospitalized Patientsat Nutritional Risk

Based on the resultsin the present eval uation study, we consider
MyFood as having good potentia for use asadietary assessment
tool among hospitalized patients at nutritional risk. MyFood
may provide support to health care workersin their tasksrel ated
to the nutritional treatment of patients at nutritional risk. This
support may contribute to prevent development of
disease-related mal nutrition among at-risk patients. Corrections
of some of the portion sizes in the app and prompting related
to use of butter/margarine and portion size of dinner may
increase the accuracy of the app further. An evaluation study
among other patient groups may be valuable to amplify the
potential for use of MyFood in the hospital setting.
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We have developed an app for tabletsfor use among hospitalized
patients at nutritional risk. The app includes dietary assessment
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agreement with the photograph method for the majority of the
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potential to be adietary assessment tool for use among patients
in clinical practice.
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Multimedia Appendix 1
Selected screenshots from the MyFood app.

[MP4 File (MP4 Video), 4MB - mhealth v6i9el75 appl.mp4 ]

Multimedia Appendix 2

Drop plotsillustrating individual intake of protein recording day 1 (n=32) and recording day 2 (n=29). Y-axis represents protein
intake (grams). X-axis represents participant number ranged with increasing protein intake according to the photograph method.
Equal protein intake from app and photograph observations is presented with only black dots.

[PNG File, 177KB - mhealth_v6i9e175_app2.png |

Multimedia Appendix 3

Drop plots illustrating individual intake of liquid recording day 1 (n=32) and recording day 2 (n=29). Y-axis represents liquid
intake (grams). X-axis represents participant number ranged with increasing liquid intake according to the photograph method.
Equal liquid intake from app and photograph observations is presented with only black dots.

[PNG File, 190K B - mhealth_v6i9e175_app3.png ]

Multimedia Appendix 4

Drop plots illustrating individual intake of bread and cereals, and spreads recording day 1 and recording day 2. The Y-axis
represents grams of food item. X-axis represents participant number ranged with increasing intake according to the photograph
method. Equal food intake from app and photograph observations is presented with only white dots.

[PNG File, 316KB - mhealth_v6i9e175_appd.png |

Multimedia Appendix 5

Drop plots illustrating individual intake of hot dishes and cold beverages recording day 1 and recording day 2. The Y-axis
represents grams of food or beverage item. X-axis represents participant number ranged with increasing intake according to
photograph observations. Equal food intake from app and photograph observations is presented with only white dots.

[PNG File, 308KB - mhealth_v6i9175_app5.png ]
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Multimedia Appendix 6

Number of food and beverage items observed from photographs and recorded in MyFood thefirst recording day. Oneitem means
one type of food or beverage in each meal.

[PNG File, 63KB - mhealth v6i9e175_app6.png ]

Multimedia Appendix 7

Number of food and beverage items observed from photographs and recorded in MyFood the second recording day. One item
means one type of food or beverage in each meal.
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Abstract

Background: Improved medical practice efficiency has been demonstrated by physicians using mobile device (mobile phones,
tablets) electronic medical record (EMR) systems. However, the quantitative effects of these systems have not been adequately
measured.

Objective: This study aimed to determine the effectiveness of near-field communication (NFC) integrated with amobile EMR
system regarding physician turnaround time in a hospital emergency department (ED).

Methods: A simulation study was performed in a hospital ED. Twenty-five physicians working in the ED participated in 2
scenarios, using either a mobile device or personal computer (PC). Scenario A involved randomly locating designated patients
in the ED. Scenario B consisted of accessing laboratory results of an ED patient at the bedside. After completing the scenarios,
participants responded to 10 questionsthat were scored using asystem usability scale (SUS). The primary metric wasthe turnaround
time for each scenario. The secondary metric was the usability of the system, graded by the study participants.

Results. Locating patients from the ED entrance took a mean of 93.0 seconds (SD 34.4) using the mobile scenario. In contrast,
it only required amean of 57.3 seconds (SD 10.5) using the PC scenario (P<.001). Searching for laboratory results of the patients
at the bedside required a mean of only 25.2 seconds (SD 5.3) with the mobile scenario, and a mean of 61.5 seconds (SD 11.6)
using the PC scenario (P<.001). Sensitivity analysis comparing only the time for login and accessing the relevant information
also determined mobile devices to be significantly faster. The mean SUS score of NFC-mobile EMR was 71.90 points.

Conclusions: NFC integrated with mobile EMR provided for a more efficient physician practice with good usability.

(IMIR Mhealth Uhealth 2018;6(9):€11187) doi:10.2196/11187
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Introduction

Background

An emergency department (ED) is often characterized by chaos
andinefficiency [1]. It iswherethe severity of apatient’sinjury
or distress varies and changes unpredictably. The location of
patients also changes based on their clinical process or test
results, which may become available at different times.
Physicians need to check changed locations and laboratory
results frequently by walking back and forth between personal
computer (PC) stations and patients’ beds. In a fast-paced ED,
such interruptions cause physicians to waste a substantial
amount of time and ultimately result in patient dissatisfaction
[2]. As the installation of PCs to al bedsides is costly and
ineffective regarding space utilization, better alternatives must
be considered.

Related Technologies

The ED providers strive to improve the efficiency of the
workflow by exploiting advanced technologies. With the
emergence of electronic medical records (EMR), mobile EMR
systems are receiving increasing attention as mobile devices
(ie, mobile phones, tabl ets), and mobil e apps are becoming more
common [3,4]. The portability and near ubiquity of mobileEMR
allow health care providers to access patient records wherever
they are needed [5].

Near-field communication (NFC) is widely used in various
communication apps. Inthefield of health care, usage scenarios
including patient identification [6], blood transfusion [7], drug
administration [8], medical staff tracking [9], and medical record
access [10] have already been proven. The wave of NFC
technology in the health care field has been combined with the
internet of things technologies [11]. Through a combination of
mobile EMR systems, NFC technology can improve workflow
using bedside technology [12].

Study Objectives

Numerous studies have investigated the qualitative and
quantitative benefits of each technology separately [12-14].
However, the efficacy of the combined technologies for
improved physician productivity in health care has not been
investigated to date. More rigorous quantitative studies
investigating usability estimates are required to develop and
eventually adopt such systems in practice. Additionaly, it is
essential to determine a system’s effectiveness in clinical
settings. This study aims to determine the effectiveness of an
NFC-integrated mobile EMR system regarding physician
turnaround timein an ED.

Methods

Study Setting

This simulation study took place in an academic ED in Seoul,
South Korea. The study was reviewed and approved by the
Samsung Medical Center Institutional Review Board (IRB no.
SMC 2018-01-144-001).

http://mhealth.jmir.org/2018/9/€11187/
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The ED is part of atertiary academic teaching hospital with
approximately 9000 daily outpatients and 2000 inpatient beds
[15]. The ED holds 69 treating beds. The number of annual
visits is approximately 79,000. Although the ED is heavily
equipped with PCs at each station (84 PCs total), there are no
PCs at the bedsides. Most of the beds are not in private rooms
but are open to stations except isolation beds.

The hospital developed the proposed mobile EMR system. It
operates on the ingtitution's EMR system, which was aso
developedinternally. The overall system had asignificant update
in July 2016. Figure 1 shows a schematic of the architecture of
the EMR system.

The mobile EMR uses an Android app that gives physicians
access to inpatient, outpatient, and emergency department
information. Users can log into the system with their fingerprint
and search for locations, clinical notes, vital signs, |aboratory
results, and medical images. The NFC function was
implemented in April 2017. When a physician links the EMR
mobile device to an NFC tag which contains information about
its location, the mobile app is automatically initiated. Using
fingerprint authentication, physicians can log in and view the
EMR of patients at the | ocation that correspondswith their NFC
location. When tagging NFC tags at the entrance of a specific
zone, the list of patients at the tagged NFC zone who are in
charge of mobile device usersis popped up. Figure 2 showsthe
aCCess process.

Study Participants

Physicians who worked in the ED during the study were asked
to participate. Physician participants were recruited between
April 1 to April 20, 2018. Among the 35 ED physicians, 25
(71%) agreed to participate in this study.

Study Scenarios and Sensitivity Analysis

After a brief introduction, the physicians went through 2
sequential scenarios. The first scenario (scenario A) involved
locating patients in the ED from the ED gate. Physicians were
given the name of a patient and were required to locate them
using either a PC EMR at the nearest site in the ED gate or
mobile EMR. After locating the patient, the participant was
guided to reach their bedside. The second scenario (scenario B)
involved looking up a laboratory result from the bedside.
Physicianswere brought to a patient’s bedside and were required
to determine a specific laboratory result using either a mobile
device or PC interface. As there were no PCs at the bedside,
physicians had to perform afew stepsto identify available PCs
and return with areport. The steps in each scenario are shown
in Figure 3, and the flow of each scenario is shown in Figure
4.

Physicianswere randomly assigned to follow either scenario A
or B using either a mobile device (mobile case) or a PC (PC
case) as described in Multimedia Appendix 1. An independent
observer recorded the activities with a camera and completed
acase report form with time stamps during the process. Patients
were not simulated. Real patients were accessed in the
emergency department. However, since we used only partial
patient data such as name, location, and laboratory data which
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was aready available, the clinical condition did not influence  the study’s outcome.

Figure 1. Overall schematic description of the hospital information system architecture relationship at the Samsung Medical Center. DARWIN: data
analytics and research window for integrated knowledge; CPOE: computerized physician order entry; MIS: management information system; MDM:
master data management; CRM: customer relationship management.
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Figure 2. Usage scene when the mobile electronic medical records (EMR) communicate with the near-field communication (NFC) system and the
display of the mobile EMR progression after tagging NFC. V/S: vital sign.
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Figure3. Schematic view of simulation scenarios. (a) Locating the patient. (b) Looking up laboratory resultsfor the patient. ED: emergency department;

PC: personal computer.
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Figure4. Theflow of locating the patient and the scenario place in the emergency department. CT: computed tomography; NFC: near-field communication;

PC: personal computer.
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We performed a sensitivity analysis using the data without
considering movement intervals. This test was performed to
determine whether or not there was a consistent outcome if the
condition allowed for more available PCs, which are at the gate
and the bedside.

Survey

After completing all scenarios, physician participants responded
to 10 questions using the system usability scale (SUS). The SUS
is composed of a 5-point Likert scale rated from 1 (strongly
disagree) to 5 (strongly agree) that investigates the usability of
the NFC-integrated mobile EMR system [16]. The SUS score
calculation formulais as follows:

]

M easurement and Outcome

The primary metric was the length of turnaround time for each
scenario. The secondary metric was the usability of the system,
as graded by the study physician participants. We collected
demographic data from each participant and recorded the time
intervals of each step of the processfor both scenarios. We aso
analyzed time intervals among groups sorted by age, gender,

http://mhealth.jmir.org/2018/9/€11187/

RenderX

and occupation. Afterward, the SUS questionnaires were
collected and analyzed.

Statistical Analysis

Continuous variables are expressed in terms of mean and
standard deviations (SD), whereas categorical variables are
expressed in frequencies and percentages. The time mean
difference was examined using apaired t-test. A value of P<.05
was considered to be statistically significant. As descriptive
statistics could not confirm anormal distribution of participants
between the 2 dependent groups divided by age, gender, and
occupation, the Mann-Whitney U test was applied for time
interval difference analysis.

Results

Main Outcome

Among 25 physician participants, 14 (56%) were male, and 11
(44%) were female. The general characteristics of the
participants are shown in Table 1.

It required amean of 93.0 seconds (SD 34.4) to locate the patient
from the entrance of the ED in the PC case but only a mean of
57.3 seconds (SD 10.5) in the mobile case, which was
significantly faster (P<.001). Accessing laboratory results at
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the patient’s bedside required amean of only 25.2 seconds (SD
5.3) in the mobile case compared to a mean of 61.5 seconds
(SD 11.6) in the PC case. These data were statistically
significant (P<.001). A schematic comparisonisshownin Figure
5.

Sensitivity Analysis

We compared the time required for login with the time for
finding relevant information. Login using the mobile device
EMR required a mean of 13.1 seconds (SD 2.9) for scenario A
and amean of 12.5 seconds (SD 2.1) for scenario B. Login by
PC took longer with a mean of 36.2 seconds (SD 15.2) for
scenario A and a mean of 30.5 seconds (SD 7.7) for scenario

Table 1. Characteristics of the physician participants.

Jung et a

B. Thedifferencesin timewere statistically significant (P<.001).
Finding the location of patients after login required a mean of
only 6.8 seconds (SD 3.6) using the mobile device, whereas it
took a mean of 18.9 seconds (SD 16.9) using a PC. Accessing
aspecific laboratory test result required amean of 12.8 seconds
(SD 5.3) using the mobile device and a mean of 26.5 seconds
(SD 8.0) using a PC. These data were statistically significant
(P<.001). The results are shown in Table 2.

Survey

The mean SUS score of NFC-mobile EMR was 71.90 points.
The results are shown in Table 3.

Participant characteristic Vaue
Age (years), mean (SD) 30.6 (4.9)
Agegroups (years), n (%)

>30 12 (48)

<30 13 (52)
Gender, n (%)

Male 14 (56)

Female 11 (44)
Occupation, n (%)

Intern 4 (16)

Resident 15 (60)

Specialist 6 (24)
Time worked at hospital (years), mean (SD) 4.6 (4.0)

Figure 5. Graphical view of main results. (a) Locating the patient. (b) Looking up laboratory results for the patient. NFC: near-field communication;

PC: personal computer.
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Table 2. A comparison between the 2 scenarios of time spent on specific tasks.

Task Time (seconds), mean (SD) P value
Mobile case Personal computer case

Scenario A
Login 13.1(2.9) 36.2 (15.2) <.001
Accessing relevant information 6.8 (3.6) 18.9 (16.9) <.001
Total 19.8 (4.7) 55.2 (29.0) <.001

Scenario B
Login 12.5(2.1) 30.5(7.7) <.001
Accessing relevant information 12.8(5.3) 26.5(8.0) <.001
Total 252 (5.3) 57.0 (11.6) <.001

Table 3. Score results (n=25) from the system usability scale (SUS) to assess the near-field communication mobile emergency medical record

(NFC-mobile EMR).

Question Mean (SD)
1. 1 think that | would like to use this NFC-mobile EMR frequently. 3.92(0.95)
2. | found the NFC-mobile EMR unnecessarily complex. 1.76 (0.83)
3. | thought the NFC-mobile EMR was easy to use. 4.40 (0.50)
4. 1 think that | would need the support of atechnical person to be able to use the NFC-mobile EMR. 2.72 (1.10)
5. | found that the various functions in the NFC-mobile EMR were well-integrated. 4.24(0.72)
6. | thought there was too much inconsistency in the NFC-mobile EMR. 4.20 (0.64)
7. 1 would imagine that most people would learn to use the NFC-mobile EMR very quickly. 4.48 (0.59)
8. | found the NFC-mobile EMR very cumbersome to use. 1.56 (0.51)
9. | felt very confident using the NFC-mobile EMR. 3.88(0.78)
10. I needed to learn alot of things before | could get going with the NFC-mobile EMR. 1.92 (0.57)
Total score 71.90 (7.61)
Discussion We also evaluated usability with the SUS questionnaire. The

Principal Findings

This study aimed to improve physician efficiency by reducing
the time spent walking to check patient information with the
aid of the technological integration between NFC and maobile
device EMR. To the best of our knowledge, thisisthefirst study
to examine the efficiency of this system and comparing it with
the PC EMR. The mobile total turnaround time for performing
tasks was significantly reduced in both scenarios. Sensitivity
analysis showed that mobile device EMR incorporated with
NFC was significantly faster than PC-integrated EMR regarding
login time and accessing laboratory results.

Asthefamiliarity of mobile device use could be different among
the demographic groups, we compared the total time interval
difference between PC and mobile cases. Multimedia A ppendix
2 shows that the mobile case was consistently faster for all
groups. However, there were significant differencesin thetime
interval between age and occupation during scenario B. These
findings are contrary to the general belief that the younger
generation is more familiar with newer technology [17]. A
further study on mobile device familiarity is needed because
the simulation was done with a small sample size.

http://mhealth.jmir.org/2018/9/€11187/

SUSwas used after the physician participant had an opportunity
to use the system being evaluated. A score over 70 on the
guestionnaire (range 0-100) indicated that the NFC-integrated
mobile device EMR was “acceptable,” and the adjective rating
was “good” [18]. There was no significant statistical difference
among groups based on age, gender, and occupation.

Advantages and Disadvantages

Various measures have been implemented to address ED
inadequacies. Improving the ED work efficiency is one crucial
in-hospital factor. Ideal physical structuresfor work have aready
been demonstrated [ 19]. Severa studies have shown the positive
effect of developing clinical guidelines and protocols for
effective evaluation of efficiency [20,21]. Newer technologies
such as radio frequency identification-integrated point-of-care
testing [22], triage kiosks [23], and dashboards [24] have been
well studied. Ubiquitous near patient accessto EMR via NFC
isdetermined to be useful in thisregard. Compared toinstalling
new structuresin an aready heavily equipped ED, implementing
an NFC tag systemisarelatively easy way to improve workflow
regarding cost and space utilization.
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As most mobile EMR functions are more readily accessible
with PCs, our study paid attention to superiority only available
in mobile EMR. Mobile device systems outperform PC systems
concerning mobility and personalization (at the provider level,
and patient level). We have measured the turnaround time as
the primary outcome of these merits. Thus, we have shown that
physicians can gain access to information without physically
moving the location of their patients.

Portability of mobile EMR could beimproved by incorporating
accessibility through NFC. Our study revealed a statistically
significant difference in login time which was more effective
by mobile EMR than by PC EMR (Table 2). A previous study
by Holden [25] demonstrated that the issue of accessibility to
EMR such as system login and system response time could
negatively impact the usability of mobile EMR. NFC integrated
response and fingerprint login at the location of interest using
a mobile device could be beneficial because the process is
simplified and less time-consuming. This system also appears
to reduce security concerns from failed logouts or departure
without logging out, by using the individual’s mobile device.

Anincreasein thelength of time physicians spend at the bedside
islikely to increase patient satisfaction [26]. With this bedside
technology, the physician can show radiologic results or
laboratory results to patients who cannot ambul ate.

Inconsi stent loading time dueto varying network coverage could
be a disadvantage for this technology. For example, mobile
deviceswithout NFC function cannot be used. Physicians might
routinely tend to use PC EMR because PC EMR covers mobile
EMR. A previous study by Duhm et al [14] demonstrated that
a physician usually underestimates actual time savings during
their professional capacity. The results of this study make a
compelling argument and provide preliminary evidence in
support of adequately addressing this tendency, particularly
concerning reduced workflow using mobile EMR with NFC
functionality.

However, to enhance emergency physician performance, a
multidimensional approach isrequired, rather than asingletool.
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ED processes are complicated, with multiple steps from various
providers often originating from outside the ED.

Limitations

First among the limitations of this study isthat thisinvestigation
was conducted at a single center. Additional studies conducted
a multiple centers or EDs are needed to improve the
generalizability of our conclusions.

Secondly, participants had different levels of familiarity with
mobile devices and NFC tags. Only some participants were
familiar with NFC because the system was built over a year
ago, which might cause hias.

Thirdly, each participant encountered various encumbrances
because this study was conducted in an actual emergency room.
For example, when attempting to locate a patient in the middle
of ascenario, the nearest PC may have been occupied by another
staff member, which led to the physician being forced to use a
PC that was further away. Also, while moving to a patient’s
bedside, there was an occasion when a participant was forced
to stop because amoving stretcher cart or medical staff member
blocked the aisle. In addition, some of the PCs used were
comparatively slow. As mentioned above, unpredictable
circumstances might influence the overall time measured for
each scenario. As shown in Multimedia Appendix 3, the
variability of turnaround time fluctuated. However important,
these events could not be systemically quantified.

Finally, the usability assessment for NFC-mobile EMR viaSUS
could be overrated because responses were filled out
immediately after performing scenarios, which in most cases,
resulted in the superiority of NFC-mobile EMR. Further studies
could investigate usability over a more extended period of the
physician’s working practice.

Conclusion

NFC-integrated mobile EMR is effective for reducing the
turnaround time of physicians when practicing in the field and
has excellent usability.
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Multimedia Appendix 1

Randomly allocated scenario quest for each participant. PC: personal computer.

[PDE File (Adobe PDF File), 19KB - mhealth_v6i9e11187_appl.pdf ]

Multimedia Appendix 2

Comparison of time spent among age, gender, and occupation for each scenario.
[PDF File (Adobe PDF File), 24KB - mhealth v6i9e11187 app2.pdf ]
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Multimedia Appendix 3
Graphica comparison between mobile and personal computer scenario time of all participants.
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Abstract

Background: Using smartphones to enroll, obtain consent, and gather self-reported data from patients has the potentia to
enhance our understanding of disease burden and quantify physiological impact in the real world. It may also be possible to
harness integral smartphone sensors to facilitate remote collection of clinically relevant data.

Objective:  We conducted the Patient Rheumatoid Arthritis Data From the Real World (PARADE) observationa study using
a customized ResearchKit app with a bring-your-own-device approach. Our objective was to assess the feasibility of using an
entirely digital approach (social mediaand smartphone app) to conduct areal-world observational study of patientswith rheumatoid
arthritis.

Methods: We conducted this observational study using a customized ResearchKit app with a bring-your-own-device approach.
To recruit patients, the PARADE app, designed to guide patients through a series of tasks, was publicized via social media
platforms and made avail able for patientsin the United Statesto download from the Apple App Store. We collected patient-reported
data, such asmedical history, rheumatoid arthritis-related medications (past and present), and arange of patient-reported outcome
measures. Weincluded in the assessment ajoint-pain map and anovel objective assessment of wrist range of movement, measured
by the smartphone-embedded gyroscope and accel erometer.

Results: Within 1 month of recruitment via social mediacampaigns, 399 participants self-enrolled, self-consented, and provided
complete demographic data. Joint pain was the most frequently reported rheumatoid arthritis symptom to bother study participants
(344/393, 87.5%). Severe patient-reported wrist pain appeared to be inversely linked with the range of wrist movement measured
objectively by the app. At study entry, 292 of 399 participants (73.2%) indicated a preference for participating in a mobile
app-based study. The number of participantsin the study declined to 45 of 399 (11.3%) at week 12.

Conclusions: Despite the declining number of participants over time, the combination of social mediaand smartphone app with
sensor integration was a feasible and cost-effective approach for the collection of patient-reported data in rheumatoid arthritis.
Integral sensors within smartphones can be harnessed to provide novel end points, and the novel wrist range of movement test
warrants further clinical validation.

(JMIR Mhealth Uhealth 2018;6(9):€177) doi:10.2196/mhealth.9656
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Introduction

The Need for Novel Data Collection M ethods

Traditionaly, clinical research and data collection is primarily
conducted through a site-based approach. Patients are screened
and recruited by clinical research centers, followed by a series
of clinical visits scheduled for procedures and clinical
assessments. Other methods include data collection via
telephone, mail, or electronic surveys. These site-based
approaches can be complex, costly, and time consuming;
limitations associated with these approachesinclude investigator
bias [1], parking lot syndrome [2], and white coat syndrome
[3]. Since hedlth status involves multiple dimensions and is a
continuum, clinicians' assessments during infrequent clinical
visitsmay not be sufficient to fully evaluate health status. Novel
data collection methods to capture continuous data from the
patient perspective are needed.

M obile phone ownership isbecoming morewidespread globally,
with the number of people using mobile phones in 2017
estimated to be 4.8 billion worldwide [4]. Following the decline
in the popularity of other forms of communication (postal mail
and landline phones) the mobile phone has recently emerged
as a potentially useful and successful technology for health
measurement and health management [5-7], a clear shift that
appears to be welcomed by patients [8]. When paired with
specialized apps, designed to provide standardization of the
captured data, mobile phones may be easily used to both engage
the patient with their treatment and provide a conduit through
which patient-reported data can be gathered and transmitted
[9]. The use of smartphones to collect real-world data directly
from patients has been shown to be cost effective and fast, and,
importantly, it empowers the patients [5,7,10]. Although
smartphones have been shown to be effective at gathering data,
high rates of attrition have been reported in studies using
smartphones aone [5,11,12], highlighting a need to improve
and optimize current methods of promoting participant retention.

Rheumatoid Arthritis as a Case Study

Patients with long-term chronic and physically disabling
conditions, such as rheumatoid arthritis (RA), who need to
manage daily care activities and fluctuations in their RA
symptoms at home, may be a population for whom electronic
data collection could be of particular use. RA is a chronic,
progressive autoimmune disease affecting the mobile joints of
the body, which may result in substantial and irreversible
disability; symptoms include joint pain or tenderness, joint
swelling, morning stiffness, reduction in joint range of
movement (ROM), muscle pain, and fatigue [9,13]. Various
chronic and progressive autoimmune conditions, including RA,
are typically characterized by periodic disease flares followed
by periods of relative quiescence that are unpredictable.
Assessment of disease status during prescheduled physician
visits, whether for routine purposes or for gathering data for
clinical research purposes, can easily miss these periods of
disease exacerbation, leading to an incorrect interpretation of
the patient’s disease status. The use of smartphone apps in
clinical research means that medical data can be efficiently
collected at a greater number of time points, compared with
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more traditional research methods[12]. Thus, the ability of the
patient to self-report data relating to the subjective signs and
symptoms of their disease may pave the way for more holistic
clinical research datasets, able to better capture the experience
of patients living with chronic conditions, and may provide
immediate feedback to their health care providers, ultimately
improving clinical benefit overall [11].

Data Capture Using Resear chKit

ResearchKit (AppleInc, Cupertino, CA, USA) isan iOS-based,
open source framework for mobile medical research released
in2015. It isan app composed of preconstructed modules, which
can be adapted according to the research requirements. To date,
ResearchKit has been used in observational, real-world studies
of cardiovascular health, asthma, Parkinson disease, type 2
diabetes, and cancer [5,7,11,12]. So far, to our knowledge, it
has not been used to conduct an entire scientific research study
in patients with RA enrolled remotely, including obtaining
patients' consent and data capture.

Several observational studies have assessed the use of
smartphones to measure subjective RA disease activity through
adoption of validated questionnaire-based patient-reported
outcome (PRO) measures [14-16]. Additionally, creative use
of the integrated sensor platforms present within most
smartphones could facilitate collection of a large number of
objective variables relevant to RA. For example, monitoring
the impact of physical activity on cardiovascular health, by
gathering objective datarelating to patient mobility and activity
levels through the use of the integral smartphone global
positioning system, was shown to be successful [12]. An attempt
to capture data relating to gait analysisin patients with RA has
been reported, but this method awaits full validation [15,17].
Objectives

The Patient Rheumatoid Arthritis Data From the Real World
(PARADE) study was a siteless, prospective, real-world
observational study in which patientswith RA could self-recruit,
provide consent, enroll, and report their medical data entirely
via a customized ResearchKit app downloaded to their own
smartphone. The key objectives were to assess the feasibility
of using ResearchKit to enroll patients into a study and of
collecting patient data using this app, including subjective
assessments (ie, self-reported symptoms, validated hedlth-related
quality of life surveys, and ajoint-pain map), aswell asanovel,
objective wrist ROM test. To determine the feasibility of the
app and siteless approach to recruitment, the aims of the study
were to enroll a minimum of 300 participants in 1 month,
demonstrate participant demographics similar to those of an
existing RA registry, and evaluate algorithms developed to
support the objective measurement of RA symptoms via the

app.
Methods

App Design and Testing

The PARADE app was created and developed by
GlaxoSmithKlein (GSK; Brentford, UK) and Possible Mobile
(Denver, CO, USA) using the ResearchKit platform, which is
open source and available on GitHub [18]. Two sets of user
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acceptance testing were performed during the app’'s
development. During user acceptance testing, users tested the
software to ensure that it could handle required tasks in
real-world scenarios. The first user acceptance testing was
performed with 3 volunteers with RA who provided feedback
on screen functionality and the electronic PROs. The second
user acceptance testing was performed with study team members
1 month before the app launch as the final approval testing.
Multimedia Appendix 1 provides screenshots from the app.

Recruitment Process and Ethics

Thisstudy (study number 205718) was approved by the Quorum
institutional review board (Quorum Review Inc, Seattle, WA,
USA). The study was an observational platform pilot; it was
not registered within the clinical trial registry. The app was
made available in the United States via the Apple App Store.
We identified California, Texas, New York, Pennsylvania, and
Florida as the top 5 states with a high prevalence of RA;
therefore, we launched targeted digital patient recruitment
campaigns via social media platforms, such as Facebook
(Facebook, Inc, Menlo Park, CA, USA) and Twitter (Twitter,
Inc, San Francisco, CA, USA), in those states. We al so targeted
HealthUnlocked (HealthUnlocked, London, UK), Inspire
(Inspire, Arlington, VA, USA), and users on Facebook who
were followers of the Arthritis Foundation [19] and Creaky
Joints[20] to increase awareness and driveinterest to download
the PARADE app. Prospective parti cipants downloaded the app
using their own App Store credential s and self-navigated through
elements of the app, including a study video, eligibility screen,
electronic informed consent screen, and data collection screen,
via the smartphone touchscreen interface. The involvement of
GSK was made clear on the Welcome screen of the app and in
the informed consent process.

We set the recruitment time frame for 1 month with a target
enrollment of 300 patients. The consenting process was
compliant with Title 21 of the Code of Federal Regulations Part
11 (21CP11) to ensure that it was trustworthy, reliable, and
equivalent to paper records according to the US Food and Drug
Administration.

Once prospective participants had downloaded and opened the
app, they were presented with information about the study and
an inclusion and exclusion criteria questionnaire. Inclusion
criteria were being 21 years of age or over, being English
speaking, living in the United States, and having a physician’'s
diagnosis of RA. Participants who met the eligibility criteria
proceeded to electronic informed consent. Once they compl eted
this, they could receive acopy of the consent form by email for
their records. Collection of personaly identifiable information
(including email address) was restricted to the consent process
and was housed separately from the study data on secure servers
(Medidata Solutions Inc, New York, NY, USA). Throughout,
participants navigated the app using the smartphone touchscreen.

Study Design

We conducted the study entirely via the app with no human
interaction, medical intervention, or financial incentives.

Possible M obile programmed the app to automatically randomly
allocate participants, without stratification, into 2 groups with
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differing degrees of access provided to their persona data.
Group A could access their personal symptom data dashboard
every day, whereas group B could access it only at the end of
the study after 12 weeks of data collection. The informed
consent form notified participants that they would be assigned
by chance into 1 of 2 study groups; however, participants were
not informed about the purpose of the randomization.

Assessments

Data captured at enrollment (week 1) were baseline
demographics, health history information, retention, and
medications. Participants were encouraged to compl ete several
subjective and objective study tasks at different time points, as
described below.

Subjective Study Tasks

Each week, participants received a reminder via the app to
complete a variety of tasks accessed via their personalized
dashboard and designed to evaluate their disease status. Weekly
reported outcome measures were the Rheumatoid Arthritis
Severity Scale (patient global assessment) [21] and a series of
semiquantitative scales, including apain scale, morning stiffness
scale, and mood scale (not reported here). In addition,
participants were encouraged to complete a weekly survey to
monitor their satisfaction with the app. At weeks 1, 4, 8, and
12, participants were encouraged to complete additional
validated PRO measures: a health status survey (5-level version
of the EuroQoL, 5 dimensions) [22], a physical function
assessment (Health Assessment Questionnaire-Disability Index)
[23] and a fatigue scale (Functional Assessment of Chronic
I1Iness Therapy-Fatigue) [24].

An interactive joint-pain map was designed specifically for the
app to record the number and severity of painful joints (from
55 prespecified joints). At weeks 1 and 8, participants were
asked to score the pain in each joint (joints were presented in a
body map) as 0 (no pain), 1 (mild pain), 2 (moderate pain), or
3 (severepain). At thefinal assessment (week 12), a participant
satisfaction survey was deployed.

Objective Study Task: Wrist Range of Movement Test

Given the shortage of validated techniques available to assess
wrist ROM and the lack of areference standard comparator, we
developed a novel objective wrist ROM exercise for this study.
The exercise was to be completed at weeks 1 and 12
(Multimedia Appendix 1). Briefly, participants were instructed
to sit down and, in turn, to place their forearm at the edge of a
standard-sized table, holding the smartphone in their hand, and
to flex and extend their wrist joint to its maximum ROM (Figure
1, part A). We used raw sensor data from the smartphone
gyroscope and accelerometers, captured by the app during this
exercise, to assess the extent of flexo-extension ROM of each
wrist joint as an objective measure of disease activity. We
developed mathematical algorithms in Matlab 2016 (The
Mathworks Inc) to convert the raw sensor datainto ROM data.
Figure 1 parts B and Cillustrate the processfor ROM extraction
based on the phone's orientation computed by the algorithm.
Images from experimental data acquisition are also displayed
for reference.
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Figure 1. Wrist range of movement (ROM) exercise. (A) Instructions for the wrist ROM exercise provided to participants via the app. (B, C) Wrist
ROM preliminary validation based on experimental test data. (B) Relative change in phone orientation (blue arrow) at full wrist extension with respect
to initial orientation (black arrow). (C) Relative change in phone orientation at full wrist flexion. In both examples, the video frame from the task
performance at the moment of measurement is displayed as a reference for visual inspection. Green dots correspond to phone orientation at previous

measurements.
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Data Handling and Analysis

Data collected from the PARADE app were stored in secure
21CP11-compliant serverswithin the Medidataclinical research
platform. Data were converted into JavaScript Object Notation
files. Completed questionnaire data were subsequently converted
into statistical analysis system datasets. All study data were
anonymized, and no personally identifying information was
obtained as part of the study data. The study was primarily a
feasibility study of the Apple ResearchKit app, and the data
analyses focused on descriptive information. We included data
from participants who discontinued the study when analyzable.
No missing dataimputation was performed. Asthiswas a pilot
study to investigate the feasibility of using a smartphone app

http://mhealth.jmir.org/2018/9/€177/
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to conduct an observational study, we anticipated no specific
results.

Results

Study Enrollment and Data Collection

We conducted the PARADE real-world observational study in
the United States between July and November 2016. Within 1
month of launch, 1170 downloads of the PARADE app were
completed, the majority in responseto Facebook advertisements
(1018/1170, 87.01%). Of these, 428 proceeded to consent;
however, 29 individuals consented outside the 1-month window
and therefore we did not include their data in the evaluation.
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Figure 2. Patient Rheumatoid Arthritis Data From the Real World (PARADE) app study recruitment. * Defined as those completing al demographic

guestions.
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Table 1. Demographics and baseline clinical characteristics.

Characteristics Group A (n=197) Group B (n=202) Total (N=399)
Female, n (%) 158 (80.2) 164 (81.2) 322 (80.7)
Age (years), mean (SD) 49.2 (12.48) 46.8 (12.00) 47.9 (12.28)
Ethnicity, n (%)

White 154 (78.2) 168 (83.2) 322 (80.7)

African American 5(2.5) 11 (5.4) 16 (4.0)

Hispanic 27 (13.7) 13 (6.4) 40 (10.0)

Asian 7(3.6) 4(2.0) 11 (2.8)

Other 4(2.0 6(3.0) 10 (2.5)
Body massindex (kg/m?), mean (SD) 29.3(7.03) 29.7 (7.55) 29.5(7.29)
Education, n (%)

Middle school or below 4(2.0) 1(0.5) 5(1.3)

High school 44 (22.3) 42 (20.8) 86 (21.6)

College 91 (46.2) 111 (55.0) 202 (50.6)

Graduate school 58 (29.4) 48 (23.8) 106 (26.6)
Smoking history, n (%)

Current 18(9.1) 19 (9.9) 37(9.3)

Previous 61 (31.0) 60 (29.7) 121 (30.3)

Never 118 (59.9) 123 (60.9) 241 (60.4)
Duration (years) since diagnosis, n (%)

<2 60 (30.5) 62 (30.7) 122 (30.6)

2-5 44.(22.3) 47 (23.3) 91 (22.8)

5-10 45 (22.8) 46 (22.8) 91 (22.8)

>10 48 (24.4) 47 (23.3) 95 (23.8)
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The remaining 399 (34.10%) of the 1170 participants enrolled,
consented, and provided complete demographic data, and hence
we considered them to have contributed analyzable data (Figure
2).

Table 1 |lists participant demographics and clinica
characteristics. Table 2 lists the participants current
medications. The study population was predominately female
(322/399, 80.7%) and white (322/399, 80.7%) with amean age
of 47.9 (SD 12.28) years; 77.2% (308/399) of participantswere
educated to college or graduate school level (Table 1). Disease
duration was less than 2 years in 30.6% (122/399) of
participants, between 2 and 5 yearsin 22.8% (91/399), between
5 and 10 yearsin 22.8% (91/399), and over 10 yearsin 23.8%
(95/399). Differences between group A and group B were
minimal, suggesting that the app-programmed randomization
worked effectively. Patients were enrolled from a wide
geographic distribution acrossthe United States (Figure 3[25]).
Consistent with our geotargeting approach, California, Texas,
Pennsylvania, New York, and Florida were among the states
with the highest number of downloads.

Table 2. Current rheumatoid arthritis medications.

Crouthamel et al

Subjective Study Tasks

Joint pain was the most frequently reported RA symptom to
bother study participants (344/393, 87.5%). Consistent with RA
symptoms, painkillers, nonsteroidal anti-inflammatory drugs,
corticosteroids, and methotrexate were the most commonly used
medications (Table 2). Participant self-reported joint pain from
the joint-pain map assessment was completed by 83.7%
(334/399) of participants at week 1. Responses included
identification of painful joints and the severity of pain in each
individual joint scored on ascale of 0to 3. At week 1, theright
wrist (195/336, 58.0%) and left knee (194/336, 57.7%) were
the most frequently cited locations of mild, moderate, or severe
joint pain (Figure 4). Joint pain was most commonly reported
to be mild and was similar for the left and right joints.

Data from PRO measures collected via the app showed no
substantial changes in any of the scales throughout the study;
however, the number of participants decreased throughout the
study (Multimedia Appendix 2).

Medication Study population, n (%)

Group A (n=194) Group B (n=194) Total (n=388)
Painkillers 89 (45.9) 81 (41.8) 170 (43.8)
NSAIDs? 111 (57.2) 83 (42.8) 194 (50.0)
Corticosteroids 57 (29.4) 60 (30.9) 117 (30.2)
Methotrexate 76 (39.2) 79 (40.7) 155 (39.9)
Azathioprine 3(15) 2(1.0) 5(1.3)
Auranofin 1(0.5) 0 1(0.3)
Chloroquine 1(0.5) 0 1(0.3)
Hydroxychloroquine 46 (23.7) 61 (31.4) 107 (27.6)
Leflunomide 13(6.7) 17 (8.8) 30(7.7)
Mycophenolate 3(1.5 0 3(0.8)
Sulfasalazine 11 (5.7) 18(9.3) 29 (7.5)
Abatacept 14(7.2) 15 (7.7) 29(7.5)
Adalimumab 23(11.9) 19 (19.8) 42 (10.8)
Certolizumab 7(36) 3(15) 10 (2.6)
Etanercept 14(7.2) 20 (10.3) 34(8.8)
Golimumab 4(2.1) 7(3.6) 11(2.8)
Infliximab 6(3.1) 10 (5.2) 16 (4.1)
Rituximab 4(2.1) 7(3.6) 11 (2.8)
Tocilizumab 7(3.6) 6(3.1) 13(3.4)
Tofacitinib 9 (4.6) 9 (4.6) 18 (4.6)
Others 19 (9.8) 21(10.8) 40 (10.3)

3NSAID: nonsteroidal anti-inflammatory drug.
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Figure 3. Geographic distribution of participants within the United States.
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Objective Study Task: Wrist Range of M ovement Test

We developed a novel tool to objectively evaluate the
participants’ wrist joint ROM and tested it for the first timein
this study. The novel wrist ROM task was carried out by 71.4%
(285/399) of participants at week 1. To evaluate potential
associations between this objective test and patient-reported
joint pain, we compared thewrist ROM datawith thewristjoint
pain scores from the joint-pain map assessment of each
participant. Severe patient-reported wrist pain appeared to be
inversely linked with the wrist ROM measured by the app
(Figure5).

App Evaluation and Participant Retention

At the beginning of the study, we asked participants whether
they would prefer to participate in astudy conducted at aclinic

http://mhealth.jmir.org/2018/9/€177/
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or using amobile app; 73.2% (292/399) expressed a preference
for amobile app, 3.0% (12/399) preferred aclinic-based study,
and 13.8% (55/399) answered both, with the remainder having
no preference.

At week 2, 162 of 399 (40.6%) participants completed at |east
one study assessment; this decreased to 45 of 399 (11.3%)
participants at week 12. We did not collect reasonsfor attrition.
The percentage of participants remaining in the study was
dightly greater among those who had daily accessto their data
than among those who did not (26/197, 13.2% vs 19/202, 9.4%,
respectively; Figure 6); however, the number of participants
remaining in both groups was low. We did not statistically
compare retention rates due to the high rate of attrition.
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Figure 4. Joint pain map. Percentage of patients reporting any pain in each of 55 joints at week 1 (n=336).
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Figure 6. Proportion of patients retained within the study over 12 weeks.
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Principal Findings

The PARADE study was, to our knowledge, the first
industry-sponsored study in which patients with RA could
self-recruit, consent, enroll, and report data entirely via their
iPhone using a ResearchKit app. This study demonstrated the
feasibility of using smartphones to conduct areal-world study.
In particular, the enrollment approach was successful in
obtai ning participants from awide geographic distribution across
the United States, as well as a wide ethnic diversity and a
demography representative of patientswith RA. Within 30 days,
we exceeded our enrollment target of 300, demonstrating that
the use of digital platforms to reach alarge RA population can
result in rapid study enrollment. The use of a smartphone was
well received by the participants, with 73.2% (292/399)
reporting a preference for participating in a mobile app—based
study over asite-based study; however, thisfinding may not be
representative of the general RA population.

To reduce any inherent enrollment bias and to ensurethe validity
of future studies using smartphones for data collection, it is
particularly important to ensure that a representative sampl e of
patients can access and enroll in the study. The PARADE study
popul ation was comparable with an RA population from astudy
that used more traditional methods of data collection, the

(CORRONA) RA registry, believed to be representative of the
US RA population [25]. Similarly, high proportions of women
participated, consistent with the higher prevalence of RA in
women; however, we found that the PARADE study population
were younger and were more educated than those in the
CORRONA registry (Table 3). Presumably this reflects the
increasing likelihood of a younger and more highly educated
demographic owning a smartphone [26]. Participants in the
PARADE study had a greater ethnic diversity (19% other
ethnicities) compared with those represented in the CORRONA
registry (11%), suggesting that using downl oadable smartphone
appsto engage patients may be effective in recruiting abroadly
representative ethnic popul ation but may favor participation by
individuals with higher education and younger age.

The app enabled collection of a range of RA-related data,
including medications, symptoms, quality of life, joint-pain
map data, and wrist ROM measures. The app has the potential
for data collection at a higher frequency (eg, multiple points
per day) than would be logistically possible in standard clinical
studies; therefore, it can provide amore holistic view of disease
exacerbation and remission. Furthermore, a previous study
demonstrated that capture of Disease Activity Scorein 28joints
data using a dedicated smartphone app correlated well with
monthly clinical assessments of RA disease activity [15].

Table 3. Demographic profile of Patient Rheumatoid Arthritis Data From the Real World (PARADE) participants compared with representative data
from the Consortium of Rheumatology Researchers of North America (CORRONA) registry of US patients with rheumatoid arthritis [25].

Demographic PARADE CORRONA
Age (years), mean (SD) 47.9 (12.3) 58.9 (13.4)
Female, n (%) 322 (81) 19,242 (77)
White, n (%) 322 (81) 22,240 (89)
Other ethnicities, n (%) 77 (19) 2749 (11)
College/graduate school educated, n (%) 308 (77) 13,744 (55)
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Whereas other studies have reported issues with storage and
transmission of data files from the phone, due to file size [14],
we encountered no such challenges or difficulties in this study.

Thedesign of studiesin which patients self-report viaelectronic
interfaces hasthe potential to revol utionize how clinical research
isconducted [27] but islimited by arelative lack of ssmple and
validated objective measuresthat can be captured el ectronically.
This has led to a predominance of subjective assessments,
typically patient questionnaires or PRO measures. Some studies
have observed that such self-reporting can be proneto bias, with
patients over- or underestimating the true situation [12].
Development of methods that can provide objective as well as
subjective data are needed to improve the breadth and quality
of results. However, some previous attemptsto obtain objective
measures remotely (eg, by connecting a hand dynamometer to
a smartphone) have required additional instrumentation [28].
We explored the use of a smartphone app to capture objective
data directly relevant to disease activity via the
smartphone-embedded sensors to record ROM in the wrist.
Validated tools to evaluate wrist ROM are lacking, and there
is no reference standard comparator available. Previous work,
however, has demonstrated the reliability of smartphone apps
for the goniometric evaluation of joint ROM [29,30]. In our
study, we saw alink between participants' subjective assessment
of severe wrist pain and functional assessment of wrist ROM,
suggesting that combining the use of questionnaires and
sensor-based recordings from the smartphone may provide a
valuable combination to monitor and quantify patient symptoms
and diseaseimpacts. Further research isrequired to validate the
extent to which wrist ROM correlates with RA management
and remission.

One common trend observed with the use of smartphones in
clinical research isthat, while engagement may beinitially high,
the rate of attrition is also high [31,32]. Although only 41% of
our participants provided data at week 2, overall, retention was
dightly better among participants who could view their data
throughout the study than among those who could view it only
at the final assessment (88/197, 44.7% vs 74/202, 36.6%,
respectively), athough we did not statisticaly evaluate these
results and did not monitor whether participants actually
accessed their data. Thisis in line with the findings of other
studies (eg, [14]) where the ability to access personalized data
could act as an incentive for patients to continue engagement.
For example, in a study using computer-based technology to
support a weight-loss program, patients who frequently used
smartphone technology to view their progress|ost more weight
than those who did not [31]. For personalized data to provide

Crouthamel et al

an incentive to boost participation, the data provided must be
meaningful and valuableto the patient, for example, by tracking
improvement or progress toward goals, or flagging potential
issues. Previous studies have explored various forms of
incentivization to boost engagement, most notably the ability
to visualizeamedical benefit and payment [32,33]. Other ideas
include data sharing, participation in an online participant forum,
and a strong initial understanding and belief in the objective of
the study [14]. It is likely that a combination of different
incentives, tailored to suit each specific population, may be
required to obtain maximal engagement.

Limitations

Our study had several limitations. The proportion of participants
completing the study was low, and few people completed the
evaluation of the app. Given that there was no medical
intervention or other variables introduced that might drive a
change in PRO measures over time, we expected little change
in data from the PROs over the course of the study. However,
thehigh level of attrition precludesthe possibility of longitudinal
assessments. Differences in retention rates between groups
should be considered with caution. The results from this study
are descriptive only, and we did not collect data on whether
those patients who were able to access their personal data
actually did so. A separate study would be required to further
investigate retention rates. The app relied on participants
self-motivation and accurate self-reporting with no way to
authenticate the data. It isimportant to ensurethat, in the design
of future studies, data shared with patients must add real value,
including clinical value, so that any smartphone data that
patients share with their physicians will facilitate clinical
decisions, not just exacerbate clinician information overload
[33].

Conclusion

This study successfully demonstrated the feasibility of using a
smartphone coupled with ResearchKit to obtain patient-reported
datain RA from areal-world perspective. It reportsthefirst use
of the smartphone gyroscope to measure wrist joint ROM, which
was linked with patient-reported joint pain. We created a
bespoke algorithm to derive clinically meaningful information
on wrist ROM from raw sensor data. Further details on the
methodology and accuracy assessment may be presented in a
separate publication. This may lead to development and
validation of other novel objective end points using
smartphone-integrated sensors and may lead to an expansion
of the objective data that can be captured from electronic
patient-reported clinical research.
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Abstract

Background: With the popularity of mobile phones, mobile apps have great potential for the management of diabetes, but the
effectiveness of current diabetes apps for type 1 diabetes mellitus (T1DM) is poor. No study has explored the reasons for this
deficiency from the users’ perspective.

Objective: Theaims of this study were to explore the perspectives and needs of T1DM patients and diabetes experts concerning
a diabetes app and to design anew T1DM management mobile app.

Methods: A mixed-methods design combining quantitative surveys and qualitative interviews was used to explore users needs
and perspectives. Experts were surveyed at 2 diabetes conferences using paper questionnaires. TIDM patients were surveyed
using Sojump (Changsha ran Xing InfoTech Ltd) on a network. We conducted semistructured, in-depth interviews with adult
T1DM patients or parents of child patients who had ever used diabetes apps. The interviews were audio-recorded, transcribed,
and coded for theme identification.

Results. The expert response rate was 63.5% (127/200). The respondents thought that the reasons for app invalidity were that
patients did not continue using the app (76.4%, 97/127), little guidance was received from health care professionals (HCPs;
73.2%, 93/127), diabetes education knowledge was unsystematic (52.8%, 67/127), and the app functions wereincomplete (44.1%,
56/127). A totd of 245 T1DM patient questionnaireswere collected, of which 21.2% (52/245) of the respondents had used diabetes
apps. The reasons for their reluctance to use an app were limited time (39%, 20/52), complicated operations (25%, 13/52),
usel essness (25%, 13/52), and cost (25%, 13/52). Both the experts and patients thought that the most important functions of the
app were patient-doctor communication and the availability of adiabetes diary. Two themes that were useful for app design were
identified from the interviews: (1) problems with patients diabetes self-management and (2) problems with current apps. In
addition, needs and suggestionsfor adiabetes app were obtained. Patient-doctor communication, diabetes diary, diabetes education,
and peer support were all considered important by the patients, which informed the development of a prototype multifunctional
app.

Conclusions: Patient-doctor communication is the most important function of a diabetes app. Apps should be integrated with
HCPs rather than stand-alone. We advocate that doctors follow up with their patients using a diabetes app. Our user-centered
method explored comprehensively and deeply why the effectiveness of current diabetes appsfor TIDM was poor and what TADM
patients needed for a diabetes app and provided meaningful guidance for app design.
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Introduction

Background

The incidence of type 1 diabetes mellitus (T1DM) has been
increasing worldwide [1,2]. An estimated 13,000 new T1DM
cases occur every year in China [3]. Failure of islet beta-cell
function occursinthe early stage of TIDM [4]; thus, controlling
blood glucose is difficult. Despite the development of
therapeutic drugs and treatment techniques, the blood sugar of
T1DM patients is still poorly controlled [5]. The 3C study in
Chinashowed that the average glycosylated hemoglobin (HbA ;)
of TIDM patients in Beijing and Shantou was 8.5% [6], far
higher than the guideline recommendations[7], and aclear gap
existed between Chinaand devel oped countries. Poor glycemic
control can cause various complications [8] and place heavy
financia burdens on the country and patients.

For T1DM patients, self-management ability is very important
[9]. Increasing communication with doctors and strengthening
blood sugar monitoring are beneficial for glycemic control
[10,11]. The following challenges are present in outpatient
clinics: inconvenience because of time and space limitations;
limited ability to gain diabetes self-management knowledge in
ashort period of time; and compliance with adiabetes diary is
often poor, which prevents doctors from providing effective
treatment guidance [12]. Due to the imbalance of medical
resources in China [13], patients flock to tertiary hospitals in
large cities to seek medical resources, but they receive an
outpatient consultation lasting just a few minutes. Continuity
of careisachallengein traditional outpatient settingsas T1DM
patients usually do not return to the same hospital or at regular
intervals [6]. Mobile apps can record, transmit, and receive
feedback anytime and anywhere. Mobile phones have been
integrated into individuals persona lives because of their
popularity [14]. Thus, an app has great potential for the
management of diabetes[15], especially for patientsfrom remote
aress.

However, people do not continue using health apps because of
data entry burden and loss of interest [16]. Pernille’'s study
revealed that the use of a diabetes self-management app by
young T1DM patients decreased gradually after the first few
weeks [17]. The majority of diabetes apps contain only a few
functions [18]. The number of functions offered by apps
influences HbA ;. levels [19]. Diabetes apps achieve different
resultsinterms of glycemic control [15,20]; the effectsin TIDM
patients are poor [21].

App development must be closely integrated with clinical
guidelines, and they must work closely with heath care
professionals (HCPs) and patients[22]. Most apps are devel oped
by software engineers without medical backgrounds[21]. Thus,
the devel oped apps are not well integrated with guidelines and
clinical needs [21,23]. For example, despite the emphasis by
diabetes guidelines for the need for ongoing patient education
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[24], very few studies used mobile apps that have education as
a functionality [23]. Personadlized education is an
under-represented feature in diabetes mobile apps[25], and the
role of HCPsis missing in most apps [15].

T1DM is different from type 2 diabetes mellitus (T2DM) in
many aspects [26]. For example, TIDM patients are younger.
They are insulin-dependent, whereas most T2DM patients do
not require insulin treatment. Insulin dose and carbohydrate
calculation and self-monitoring of blood sugar are more
important for TIDM patients. However, although numerous
diabetes apps have been devel oped, few are specific for TIDM
[27]; thus, the devel oped apps might not be suitable for TADM
patients.

Few diabetes apps have been introduced with the methodology
of their development [23]. Gaining adeep understanding of the
perspectives of patientsisimportant when developing amobile
app for their use [28,29]. Qualitative research methodology has
become more recognized and valued in diabetes behavioral
research. By exploring patients' motivations, perspectives, and
expectations, this approach can answer questions that cannot
be addressed using aquantitative study. A mixed-methods study
can combine qualitative and quantitative results to provide a
more comprehensive and deeper understanding of user
perspectives [30].

Objectives

No study has explored the reasons for poor effects of current
diabetes apps in TIDM patients from the users' perspectives.
To improve glycemic control in Chinese TIDM patients, we
used a mixed-methods study to explore users’ perspectives and
needs and cooperated with a software team to devel op amobile
app for TIDM management.

Methods
Part 1. Questionnaire Survey

Questionnaire Design

An expert panel consisting of 3 diabetologists (YZ, SL, and
XL) and a diabetes education nurse (FL) from our hospital
designed the questionnaires according to the functions of current
diabetes apps[18,21,25,31-33], the problems they encountered
during clinical practice, and diabetes guidelines [26]. The
guestions were presented in a choice format. If responders did
not agree with the listed options, they could select the option
“other” and write their answers in the remarks column. The
expert questions covered their use of and perspectives about
diabetes apps. The patient questions covered their use of,
perspectives about, and needs for diabetes apps; demographic
information; and basic disease information. Before the
guestionnaires were administered, we performed pilot testswith
10 diabetologists in our hospital and 20 diabetes patients from
our outpatient department.
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Samples and Survey Methods

The expert questionnaires (Multimedia Appendix 1) were
administered using a paper format at 2 national diabetes
conferences held in October 2017 and December 2017, with a
total of 200 diabetol ogists attending. From 23rd January to 1st
March 2018, the T1IDM patient questionnaires (Multimedia
Appendix 2) were administered using the Web-based
guestionnaire tool Sojump on the WeChat network [34]. The
guestionnaire linkswere spread among the first author’s WeChat
friends circle and WeChat groups of diabetes patients. The
guestionswere answered by adult patients or the parents of child
patients. No compensation was given for participation in the
study.

Data Analysis

Descriptive statistics were used to characterize the samples.
Frequencies and percentages were used to describe categorical
variables. Incomplete responses were included in the analysis.

Part 2: Qualitative Study

Data Collection

After administering the questionnaire surveys, semistructured
one-on-one in-depth interviews were conducted by a
diabetologist (YZ). TIDM patients who had previously used
diabetes appswere contacted. First, weintroduced the objective
of the study to establish trust. Adult patients or the parents of
child patients were invited for a one-on-one interview. The
interview environments were quiet, and interruptions were
minimized. An interview guideline (Multimedia Appendix 3)
was created by the expert panel and covered questions about
the patients daily diabetes management behavior, problems
with apps they had used in the past, and their needs and
suggestions for an app. The questions were open-ended. Each
interview lasted approximately 30 to 60 min. Data collection
ended when data saturation was achieved [35]. All interviews
were audio-recorded, and al participants gave written informed
consent.

Data Analysis

The data analysiswas ongoing during the data collection process
to ensure data saturation. Records were transcribed verbatim
by the interviewer (Y Z) and were verified by the interviewees.
Data analysis was managed using NVivo 11.0 (QSR
International Pty Ltd). Using inductive thematic analysis[36],
the transcripts were independently read and coded by 2
investigators (Y Z and XL ). Disagreements and emerging themes
were discussed with the expert panel.

Part 3: App Prototype Design and Development

On the basis of the results of the questionnaires and interviews,
the expert panel combined their clinical experiencesand clinical
guidelines [9,24,26] to determine the modules and contents of
the app and held discussions with the software team at least
once a week in the form of workshops. The software team
developed the app iteratively using an agile software
devel opment methodol ogy. During each workshop, the software
team introduced their app design and the prototype devel oped
in the last iteration. The expert panel operated the prototype
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and proposed some modifications and new requirementsfor the
app according to their expertise. One patient was invited to
share their user experience in each workshop. The workshop
members discussed the layout, design, and contents of the app.
Brainstorming was adopted in this process. The software team
developed the app accordingly in the next iteration.

Ethical Approval

The study was approved by the ethics committee of the Second
Xiangya Hospital, Central South University.

Results

Part 1. Questionnaire Survey
Expert Survey

Factors Influencing Experts’ Use and Recommendation of
Diabetes M anagement Apps

The response rate for the expert survey was 63.5% (127/200).
Overadll, 52.8% (67/127) of the experts had recommended
diabetes apps to their patients. Figure 1 shows the factors
influencing their recommendations for a diabetes app. A total
of 34.6% (44/127) of the experts had used diabetes apps to
manage diabetes patients. These expertsthought that the biggest
obstacle to their use of apps to manage diabetes patients was
limited time (57.6%, 68/118; see Figure 2). A total of 57.5%
(73/127) of the experts did not know whether using an app to
manage patients was legal, 26.7% (34/127) thought that using
an app for this purpose was legal, and 15.0% (19/127) thought
that it wasillegal.

Experts Perceptions of Diabetes M anagement Apps

The experts' proposed reasons for app invalidity were that
patients did not continue using them (76.4%, 97/127), patients
received little guidance from HCPs (73.2%, 93/127), diabetes
knowledge on the app was unsystematic (52.8%, 67/127), and
the apps functions were incomplete (44.1%, 56/127). The
experts thought that the most important functions of an app
were patient-doctor communication (42.4%, 53/125), the
diabetes diary (39.2%, 49/125), diabetes education (10.4%,
13/125), and abnormal blood sugar reminders (6.4%, 8/125).
Most experts did not recommend or were opposed to insulin
calculators (62.0%, 75/121) because 78.2% (97/124) thought
that these tools were dangerous or very dangerous. Overall,
82.5% (104/126) of the experts thought that the prospect for
diabetes apps was good or very good.

Patient Survey

Factors Influencing Patients' Use of Diabetes App

A total of 245 T1DM patient questionnaires were collected.
Table 1 shows the characteristics of the respondents. Overall,
61.2% (150/245) of the responders did not know about the
existence of diabetes apps, and only 21.2% (52/245) had ever
used diabetes apps. Only 8% (4/52) of the apps were
recommended by HCPs. Most of the apps were recommended
by patients (38%, 20/52) or selected randomly (37%, 19/52)
because the respondents did not know which app was the best.
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Figure 1. Factorsinfluencing experts' recommendation of diabetes apps (n=127).
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Figure 2. The biggest obstacles to experts’ use of apps to manage diabetes patients (n=118).
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Table 1. Characteristics of patients responding to the surveys.
Characteristics Total (N=245) Adolescent (n=115) Adults (n=130)
Gender, n (%)
Male 98 (40.0) 49 (42.6) 49 (37.7)
Female 147 (60.0) 66 (57.4) 81(62.3)
Agein years, median (IQR? 18 (11-30) 11 (8-14) 29 (23-35.3)
Disease duration in years, median (IQR) 3(1-9) 2(1-4) 5(1.75-15)
Treatment type, n (%)
Insulin pump 65 (26.5) 27 (23.5) 38(29.2)
Insulin injection 280 (73.5) 88 (76.5) 92 (70.8)

3 QR: interquartile range.

Thereasonsfor their reluctance to use an app were limited time
(39%, 20/52), complicated operations (25%, 13/52), usel essness
(25%, 13/52), and cost (25%, 13/52). The most common
functions of their apps were diabetes knowledge (92%, 48/52)
and blood sugar record (90%, 47/52; see Figure 3). A total of
70% (33/47) of the patients thought manual input of blood sugar
wastroublesome or alittle troublesome. A total of 58% (30/52)
of the apps could consult HCPs, but only 30% (9/30) of the
patients had ever used this function.
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Patients Needsfor a Diabetes App

The patients thought the most important functions of the apps
were consulting HCPs (33.9%, 83/245), the diabetes diary
(24.4%, 55/245), diabetes knowledge (12.7%, 31/245), the
insulin calculator (11.8%, 29/245), abnorma blood sugar
reminders (10.6%, 26/245), peer support (2.9%, 7/245), and
blood sugar test reminders (1.2%, 3/245). Almost all patients
thought the above functions were important or very important
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(seeFigure4). A total of 65.3% (160/245) of the patientsthought
that they were in need or in great need (32.7%, 80/245) of a
good app to manage their diabetes.

Part 2: Qualitative Study

Participants

Thefinal sample consisted of 18 participants (12 adult patients
and 6 parents of young patients; see Table 2).

Themes

Two themes including 10 subthemes that were helpful for our
app design were identified.

Theme 1: Problemsin Patients Diabetes Self-M anagement
Conduct

Diabetes self-management education (DSME), diet, exercise,
and self-monitoring of blood sugar are 4 important parts of
diabetes self-management. Understanding the problems with
self-management hel ped refine the design of our app.

Zhang et a

Diabetes Self-Management Education

Most patients did not receive DSME programs in the hospital.
DSME in the hospital had many shortcomings, including
inconvenience, reluctance of young peopleto go to the hospital,
lack of individualization, and low efficiency. Compared with
receiving DSME in the hospital, receiving information on mobile
appswas preferable. The patients could select subjectsthat they
were interested in, learn repeatedly, and learn when they had
time. Additionally, the time and economic costs were |ower.

Two patients stated the following:

From Monday to Friday, there is no time. Secondly,
| think sometimeswe will select contentsto learn after
we have mastered some knowledge. Because we have
mastered some basic knowledge, if lectures are about
such contents, we will not go to learn. [P5,
30-year-old femal€]

Both arefine. But if | go to the hospital, | feel | have
no time. Because if | learn on a mobile app, videos
can be saved; | can learn when | have time. | think
the app is better. [P10, 24-year-old femal€]

Figure 3. Proportions of different functions of patients’ diabetes apps (n=52). HCP: health care professional.
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Table 2. Characteristics of the interviewees.
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Characteristics

Adult patients (n=12) Parents of young patients (n=6)

Gender, n (%)

Male

Female
Petients' age in years, mean (range)
Patients’ disease duration in years, mean (range)
Treatment type, n (%)

Insulin pump

Insulin injection
Education, n (%)

Postgraduate

University

High school

Junior middle school
Residence, n (%)

Urban

Rural

1(8) 3 (50)
11(92) 3 (50)
26.8 (20-33) 10.5 (6-16)
40 (1-12) 3.3(0-9)
3(25) 3 (50)

9 (75) 3 (50)
1(8) —

8 (67) 4 (67)
3(25) 1(17)
— 1(17)

9 (75) 5 (83)
3(25) 1(17)

Self-Monitoring of Blood Sugar

Space, time, economy, and pain were all factorsthat influenced
blood sugar tests. Some patients forgot to test because they did
not form ahabit of testing their blood sugar, or they were doing
other things. Some patients did not know when they needed to
test, and some were not aware of theimportance of testing. One
patient stated the following:

Itisnot asimportant asinsulin injection. If you don’t
inject insulin, your blood sugar will surely be high.
But if you pay attention to your food, you have a sense
of your blood sugar level, so you don't attach much
importance to it... [P11, 31-year-old femal€]

Diet

Some patients had incorrect diet conceptions. Calculating
carbohydratesand cal oriesisimportant for blood sugar control,
but most patients do not perform these calculations for their

daily diets. They thought that the calculation process was
complicated and troublesome. One patient stated thefollowing:

| don't know. At the beginning, they told me to
calculate. Itiscomplicated. In aWeChat group, some
people told me how to calculate, and when | came to
the nutrition department, they told me how to
calculate. But after that | will say, | try to eat
vegetables as much as possible. [P15, 27-year-old
female]

Exercise

Most patients knew the importance of exercise for glycemic
control, but many of them lacked the time and will. Some
patients sel ected the wrong time to exercise. Some were afraid
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to exercise because they were worried about hypoglycemia, as
illustrated in the following quote:

Blood sugars fluctuate greatly. | dare not exercise.
I’d rather have higher blood sugar. I'd rather give a
bolus. I'm not willing to exercise. [P12, 26-year-old
male]

Theme 2: Problems With the Functions of Current Apps
and Patients’ Needs and Suggestionsfor a New App

Diabetes Diary

Although they thought a mobile diabetes diary was more
convenient than a paper diary, most of them thought manual
input was burdensome (see Table 3 for the problemswith current
diabetes app). The patientswanted glucose datato be transmitted
to the apps automatically. Diet and exercise records were even
more troublesome. Some of the patientsthought that these types
of recordswere useless and that their display was not asintuitive
asthat of apaper diary. Most of the patients only recorded blood
sugar.

One patient stated the following:

If input manually, when you are outside, testing blood
sugar is inconvenient, but you have to record...you
will think it doesn’'t matter. They are just in the
glucose meter. It's very burdensome. But if it can be
transmitted to app automatically, it is convenient.
[P7, 33-year-old femal €]
Most patients reported that the greatest problem with diabetes
diaries was the lack of feedback from HCPs. As the diary was
useless for glycemic control, they did not continue to use the
apps. They hoped to obtain feedback after recording and to have
adoctor analyze their data.
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Table 3. Problems with current diabetes apps and needs for a new app.

Zhang et a

Modules of current app

Problems and needs

Patient-doctor communication

Diabetes diary

Diabetes education knowledge

Peer-support

Psychological module

Electronic health records

Distrust

Responses are not timely
Inconvenient

Cost

Burdensome

Lack of feedback

Display is not as intuitive as a paper diary
Food database is needed

Unsystematic

Unprofessional

Avoid irrelevant knowledge interference
Find materials of interest easily

Update in atimely manner

Interaction is needed

Tend to learn pop-up knowledge
Different learning habits

Inconvenient

Avoid excessive information interference
Peer leader is needed

Privacy protection

«  Most appslack this module

o Accessto hospital electronic medical records

One parent stated the following:

Itismeaninglessif you record there. But if these data,
I think, let methink, if after these data are submitted,
an onlinedoctor analyzesthemfor you, | think people
will like it. [P6, mother of a 10-year-old patient]

Patient-Doctor Communication

Some diabetes apps had a function for consulting HCPs.
However, most users did not consult HCPs using the app
because they did not trust unfamiliar doctors. App
communication in the form of typing words was inconvenient,
and the communication efficiency was low. Consultations
needed to be charged, feedback was not timely, and the
consultation effect was low. These factors hampered
consultations with doctors by the patients using the apps.

Two patients stated the following:

| tried once to make an appointment with a doctor in
the weltang app. But for his few minutes he needed
to charge, so | exited. An unfamiliar doctor, you
consult him, but you need to pay. Maybe you have a
sense of... [P11, 31-year-old femal €]

| consulted once. Because the doctor was busy, the
response was not timely. Describing our condition
by typing words, maybe it is not so good to meet the
needs of patients. After all, they are not our familiar
doctors, they don't know our condition. | hope to
communicate directly with the doctor. [P4,
30-year-old femal €]

http://mhealth.jmir.org/2018/9/€11400/

Most patients want to consult doctors on the app. However,
doctors approached via the internet are not familiar with the
patients' conditions. The patientswanted their outpatient doctors
to continue to follow them up. Doctors from primary hospitals
lack experience with managing TIDM. Moreover, the patients
do not trust doctors from primary hospitalsand only trust doctors
from large tertiary hospitals. One patient stated the following:

Yes, unless heisyour outpatient doctor. | think it can
be set on that app, for example, you consult your
outpatient doctor and have good effects. [P7,
33-year-old femal€]

One parent stated the following:

There are only two type 1 diabetes patients in our
county. When | went to the county hospital to ask the
doctors, they never heard of thisdisease... [ P8, father
of a12-year-old patient]

Diabetes Education

Most patients hoped to gain diabetes knowledge on the app.
They were most concerned about the latest progressin diabetes,
knowledge about complications, nutrition, exercise, andinsulin
dose calculation. Some patients thought diabetes knowledge on
apps was unsystematic and unprofessional. Patients did not
know whether the diabetes knowledge was accurate. Patients
hoped for theinclusion of authoritative and practical knowledge.
One patient stated the following:

It's too miscellaneous. You can't tell which isright.
Because now most of us get information through the
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internet, | think accuracy isimportant for information
about disease. [P7, 33-year-old femal €]

The patients liked different modes of educational materials.
Some liked to watch videos, whereas others liked to read
articles. They hoped diabetes knowledge could be classified
according to categories and that knowledge about T1DM could
be separated from that about T2DM, which would enable the
patients to learn pertinent information and avoid excessive
information interference, asillustrated in the following quote:

Because I'mtype 1, soitismoretargeted...we areall
type 1. It isnot mixed with type 2. Because other apps
were mixed with type 2 diabetes, gestational diabetes,
and so on, it's really very chactic. There is lots of
information. You need to screen which isuseful, which
isusdess. [P7, 33-year-old femal€]

Peer Support

Almost all the patients wanted to communicate with similar
diabetes patients. Some patients said they had no way to find
such patients after the onset of diabetes. They thought peer
support could help them exchange glycemic control strategies
and emotional experiences. Some of them even thought that
patient experienceswere moreimportant than consulting doctors
because patient experiences were person-specific and practical,
asillustrated in the following quote:

There are a lot of these patients in our group. Their
disease durations are many years. Their own
experiences may be better than that of doctors
because they are more practical. What the doctor
said is theoretical. Some diabetic friends, based on
their own experiences, may be more practical. [P6,
mother of a 10-year-old patient]

Many patients believed that having a peer leader was very
important. Patients with a long disease duration and rich
experience in glycemic control can act as peer leaders. Peer
leaders can play a leading, interactive, and cohesive role and
drive the atmosphere of a peer support module, asillustrated in
the following quote:

For example, the key is, like a family, there is no
backbone. There is no person with comprehensive
knowledge. His knowledge is comprehensive;
whatever questions you put forward, he can help you
to solve it. Like that teacher, his prestige is high. He
iswilling to listen to others, and then heiswilling to
help others. [P8, father of a 12-year-old patient]

The patients hoped to have different types of peer support
modes. However, all peer communicationsin the diabetes apps
took place in the form of forums. Most patients thought that
communicating in that way wasinconvenient and that responses
were not timely. Very few patients chatted in the diabetes apps,
asillustrated in the following quote:

[WeChat] Group chat is timely. Questions you ask
can be answered immediately. But on the forum, you
will wait a few days. | think feedback in group chat
is more timely. It is better. | don’t use forums now...
[P5, 30-year-old femal €]

http://mhealth.jmir.org/2018/9/€11400/
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Psychological Module

Mental health specialists are recommended as a part of diabetes
management by diabetes guidelines. Almost all patients said
diabetes brought negative emotions to them to varying degrees.
Some patients indicated that the apps had no psychological
module, and they hoped we could pay attention to their mental
health, asillustrated in the following quote:

Another ispsychological, a psychological modulefor
patients. | have lots of apps on my mobile phone.
Almost all are about knowledge, how to control blood
sugar. Attention to children's mental health, a
psychological module doesn’t exist. [P8, father of a
12-year-old patient]

Electronic Medical Records

The patients hoped to access their hospital electronic medical
records (EMRs) through the app (eg, to view their test results
and their diagnostic and treatment records and to register for
outpatient visits). This possibility would be convenient, allow
them to build health records in the app, and motivate them to
continue using the app. One patient stated the following:

Connect to hospital health records systems directly.
You can register for outpatient visits, and whenever
you have praoblems, you can consult your outpatient
doctor. Maybe these can beincluded. [P5, 30-year-old
female]

Part 3. App Prototype

Thefina solution consists of a patient-end app and adoctor-end
app. Both of them are based on theiOS and Android platforms.
Modules of the patient app are shown in Figure 5.

All the following functions are included: patient-doctor
communication, diabetesdiary (blood sugar, diet, exercise, and
medication records), diabetes education, peer support, blood
sugar test reminder, and abnormal blood sugar reminder.
According to the expert panel’s clinical experiences, it is
important to know patients' former diagnosis and laboratory
resultsif they are to give treatment recommendations for their
patients, and the qualitative results suggested that access to
EMRs would motivate patients to continue using the app. This
function is also included in our app.

The qualitative results suggested that inconvenience and lack
of atimely response were problems with the patient-doctor
communication function of current apps, and according to our
expert panel’s clinical experience, it is difficult for patients to
describe their condition clearly just by typing words. Thus,
patient-doctor communication in our app employs varioustypes
of communication modes to ensure this convenience: typing
words, sending pictures, video chat, and phone calls. Doctors
can view their patients' diabetes diaries, diagnosis, treatment
records, and laboratory results in their EMRs and the lengths
of patients’ study times with the diabetes education materials
through their own app and can give tailored feedback or send
tailored education materials to them. Notifications are
automatically sent to patients or their doctors if there are new
messages for them.
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Figure 5. Homepage screenshot of the patient app. EMR: electronic medical record.
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Data entry burden, lack of feedback, and a display that is not
asintuitive asapaper diary discourage patientsfrom maintaining
diabetes diaries. According to our solution, patients can link
the app with their glucose meter, and blood sugar results can
automatically be transferred from glucose meters to the app by
Bluetooth or General Packet Radio Service. Our app obtains
daily step count data from step counter software in mobile
phones and recordsthe daily step counts automatically. Patients
can take photos of foods to record their diet using the built-in
camera. Dueto thelimitation of the mobile phone page, displays
of blood sugar, diet, exercise, and medication records in most
apps are scattered across different pages, and it isinconvenient
to combine them together. By brainstorming, we constructed a
design that enables specific diet, exercise, and medication
information to be viewed on the blood sugar display page, thus
alowing acomprehensive analysis of the causes of blood sugar
changes. Blood sugar history graphs and statistics make blood
sugar clear at a glance. For feedback on the diabetes diary, we
included the following solutions: (1) blood sugar targets can be
established collaboratively by patients and their doctors; (2)
patients are al erted to off-target blood sugar with warning colors
and messages; (3) if blood sugar levels are dangerous (lower
than 3.9 mmol/L or higher than 20 mmol/L ), areminder message
will be sent automatically to the patient’s doctor’s app; and (4)
apatient’s doctor can view the patient’s diabetes diary and give
tailored feedback.

Moreinformation about our app functions and design based on
quantitative and qualitative results is shown in Multimedia
Appendix 4.

Discussion

Principal Findings
Our study established the reasons that the effects of current

diabetes apps for TIDM are poor and investigated patient
requirements from the users’ perspective.
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The questionnaire surveys suggested that patient-doctor
communication and the availability of adiabetesdiary werethe
most important functions of a diabetes app. Detailed records of
blood sugar, diet, exercise, and medication can help doctors
analyze the factors influencing blood sugar. The blood sugar
record was the most used function of the apps[37], but the users
did not continue to use this feature. The in-depth interviews
reveal ed that the greatest problem with the diabetes diaries was
the absence of feedback from HCPs. Automatic feedback could
not meet patients’ needs. Patients thought that the diary was
useless; thus, they gradualy stopped using it. Most experts
thought 1 important reason for app invalidity was that patients
received little guidance from HCPs. Our study suggeststhat the
role of the doctor is central for a diabetes app. A recent
meta-analysis revealed that the effects of diabetes apps were
explained by the frequency of HCP feedback. HCP functionality
is important for achieving clinical effectiveness [38], but few
apps offer an integrated function for communication and
feedback from HCPs [39]. The questionnaire surveys showed
that some diabetes apps had an HCP consultation function, but
only asmall number of patients had used thisfunction. Through
in-depth interviews, we identified the reasons for patients not
using this function. One important reason was that patients did
not trust unfamiliar doctors on the app, and doctorsfrom primary
hospitals in China lacked experience in managing T1DM
patients.

We advocate that doctors follow up with their outpatients or
inpatients using this app. Internet hospitals are developing
rapidly in China. A cross-sectiona survey determined that 43
internet hospitalswere established in 2017, and patients accessed
outpatient service delivery via app in 43% of these hospitals
[40]. However, doctors from primary hospitals in China need
training to enhance their expertise [41]. Many doctors did not
know whether using an app to guide patients’ medication was
legal, and doctors in China are overloaded [42]. These issues
discourage doctorsfrom using an app to manage patients. Health
insurance coverage and charge systems are also needed to
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encourage HCPs to use an app to manage their patients in the
long term. Fortunately, standardization of residents training
and the hierarchical medical systemisunderway in China, which
will reduce the burden of doctors from tertiary hospitals and
will enhance the expertise of doctors from primary hospitals.
The Chinese Government is energetically advocating internet
medical treatment [43], which will enable doctorsto follow up
with their patients using an app.

DSME is an important part of diabetes management according
to diabetes guidelines. Several studies have shown the benefits
of DSME [24]. However, few patients in Chinareceive DSME
programs in hospitals [6]. Our in-depth interview found some
problems in patients’ self-management conduct and suggested
that a mobile app was preferable to education in a hospital for
DSME. Digital health interventions can help overcome some
of the barriers to self-management posed by the limitations of
existing health care systems [44]. The questionnaire surveys
suggested that both experts and patients thought DSME was
very important for a diabetes app. The experts believed 1
important reason for app invalidity was that diabetes education
knowledge on apps was unsystematic. Many diabetes apps do
not have sound educational quality [27]. Different modes of
systematic diabetes education knowledge created by a
multidisciplinary expert panel are needed for the app.

The effectiveness of peer support for diabetes outcomes is
ambiguous because of the availability of different support modes
[45]. Our study showed that most patients thought peer support
was an important function of a diabetes app, and most patients
hoped to communicate with similar patients. Peer support can
hel p patients exchange glycemic control strategiesand emotional
experiences. They considered the role of peer leaders very
important. Peer leaders can play leading, interactive, and
cohesiverolesand can improve the atmosphere of apeer support
module. Internet-based mentoring programs can increase the
frequency of blood sugar monitoring [46], and studies have
demonstrated that peer leaders can provide effective diabetes
self-management support [47,48]. However, exchanges in
current diabetes apps al take the form of forums, which is
inconvenient. Thus, few patients exchanged information with
othersin diabetes apps.

The expert survey suggested that 1 important reason for app
invalidity was that diabetes apps lacked comprehensive
functions. A meta-analysisrevealed that the number of functions
offered by apps influences HbA,. levels [19]. Therefore,
modul es such as patient-doctor communication, diabetesdiary,
diabetes education, and peer support areall included in our app.
However, diabetes apps offering a wider range of functions
performed worse in terms of usability [49], and our study
suggested that lack of time and complicated operations were
factors influencing patients’ use of an app. Most patients
considered the manual input of diabetes diary data burdensome.
To increase app usability and patients’ adherence to complete
a diabetes diary, blood sugar readings and daily steps can be
recorded automatically in our app. Of course, feedback from
HCPswill encourage patientsto adhereto diabetesdiaries. Our
app design principle was that the operations should be smple
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and clear, and the use of clear navigation in our app will enable
its usability.

The patient survey suggested that patients greatly needed an
insulin calculator, but they did not know whether the cal cul ator
was accurate. The expert surveys suggested that most experts
did not recommend or were opposed to an insulin calculator,
and most of them thought insulin calculators were dangerous
or very dangerous. Similar resultswerefound in aNew Zealand
survey [37]. As these algorithms were found to have limited
efficacy and were incorrect [50], we did not include an insulin
calculator in our app. Artificial intelligence may have potential
useinthisarea[51].

Our study revealed that the awareness and utilization rates of
diabetes apps in China were low. Only a small subset of the
patients apps was recommended by HCPs. One important
reason wasthat the effects of the appswere not evidence-based,;
thus, they did not know which app was better. Only 1 Chinese
diabetes app was tested in a short-term randomized controlled
trial (RCT) [52]. Thus, high-quality RCTs are needed [39]. We
are planning a multicenter RCT to test the long-term efficacy
of our app. We hope we can provide evidence for patients to
choose avalid diabetes app.

Limitations

We did not interview child or adolescent patients astheir needs
and diabetes management models are dlightly different from
those of adults. However, in child patients, di sease management
is aways performed by their parents; thus, our app is aso
suitable for this population. However, children occasionally
manage their disease independently. In particular, adolescents
of transitioning age gradually withdraw support from their
parents and take over management tasks. Our app can help these
patients through this transitioning period. We can set a family
member account to supervise them, and weincluded some peer
communities of their agein our app to help them solve problems
specific to this period. However, further improvement is needed
to satisfy the specific needs of this population. We also did not
interview diabetes experts. As our expert panel consisted of
diabetes experts with rich experience in TIDM management,
we did not think that interviewing diabetes experts was
necessary. The security of young HCPs regarding making
incorrect medical suggestions should be taken into consideration.
In our solution, we employed qualification certification:
registered doctors were from tertiary hospitals with years of
experiencein T1DM management. A test for doctors specialties
may also be needed to ensure the qualifications of registered
doctors.

Comparison With Prior Work

The effects of current diabetes apps on T1IDM are poor. No
study has explored the reasons for this ineffectiveness from a
user’s perspective, and very few diabetes apps have shared their
methodology [23]; thus, app developers do not know how to
choose a valid method. App development should be based on
thorough knowledge of user needs [53]. Two studies designed
diabetes apps by exploring users needs though in-depth
interviews with young patients and their parents [54,55].
However, because the interviewees had never used diabetes
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apps, their understanding of diabetes apps was abstract, and
they had difficulty describing their needs accurately. In addition,
a purely qualitative study may not provide a comprehensive
understanding of user needs. Castensoe-Seidenfaden et al first
introduced amixed-method study to design an app for improving
self-management of young patients [56]. However, their
guantitative and qualitative prestudies did not investigate
patients and doctors perspectives of diabetes management
apps. Our app design was led by diabetes experts. First, we
conducted a quantitative survey to grasp the perspectives of
patients and diabetes experts about diabetes apps from amacro
level. Second, in-depth interviews with experienced patients
supplemented and deepened the results of the questionnaire
survey and gave us a better understanding of the problems of
current apps and the need for a new diabetes app.
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Conclusions

Patient-doctor communication is the most important function
of a diabetes app. A mobile app is the preferable method for
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but apps should be integrated with HCPs rather than stand-alone.
We advocate that doctors follow up with their patients using
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and quantitative data to comprehensively and deeply explore
why the effects of current diabetes appsin T1DM are poor and
what TIDM patients need for a diabetes app from the user
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development of similar apps in the future.
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Abstract

Background: Self-reported alcohol misuse remains high in armed forces personnel even after they have left service. More than
50% of ex-serving personnel meet the criteria for hazardous alcohol use; however, many fail to acknowledge that they have a
problem. Previous research indicates that interventions delivered via smartphone apps are suitable in promoting self-monitoring
of alcohol use, have a broad reach, and may be more cost-effective than other types of brief interventions. There is currently no
such intervention specifically designed for the armed forces.

Objective: This study sought to describe the development of atailored smartphone app and personalized text messaging (short
message service, SMS) framework and to test the usability and feasibility (measured and reported as user engagement) of this
app in a hard-to-engage ex-serving population.

Methods: App development used Agile methodology (an incremental, iterative approach used in software devel opment) and
wasinformed by behavior change theory, participant feedback, and focus groups. Participants were recruited between May 2017
and June 2017 from an existing United Kingdom longitudina military health and well-being cohort study, prescreened for
eligibility, and directed to download either Android or iOS versions of the” Information about Drinking for Ex-serving personnel”
(InDEX) app. Through the app, participants were asked to record a cohol consumption, complete arange of self-report measures,
and set goals using implementation intentions (if-then plans). Alongsi de the app, participants received daily automated personalized
text messages (SMS) corresponding to specific behavior change techniques with content informed by the health action process
approach with the intended purpose of promoting the use of the drinks diary, suggesting aternative behaviors, and providing
feedback on goals setting.
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Results: Invitationsto take part in the study were sent to ex-serving personnel, 22.6% (31/137) of whom accepted and downl oaded
the app. Participants opened the INDEx app amedian of 15.0 (interquartile range [IQR] 8.5-19.0) times during the 4 week period
(28 days), received an average of 36.1 (SD 3.2) text messages (SMS), consumed alcohol on a median of 13.0 (IQR 11.0-15.0)
days, and consumed amedian of 5.6 (IQR 3.3-11.8) units per drinking day in thefirst week, which decreased to 4.7 (IQR 2.0-6.9)
units by the last week and remained active for 4.0 (IQR 3.0-4.0) weeks.

Conclusions: Personnel engaged and used the app regularly as demonstrated by the number of initializations, interactions, and
time spent using InDEX. Future research is needed to evaluate the engagement with and efficacy of InDEXx for the reduction of

alcohol consumption and binge drinking in an armed forces population.

(JMIR Mhealth Uhealth 2018;6(9):€10074) doi:10.2196/10074

KEYWORDS

behavior change techniques; smartphone; alcohol misuse; binge drinking; text messaging; ex-serving; armed forces; mobile

phones

Introduction

Alcohol misuseiscommon inthe United Kingdom (UK) armed
forces and the prevalence is higher in the military than in the
general population [1-3], with the trend continuing after they
leave service[1]. Morethan 50% of those who have left military
service meet the criteria for hazardous alcohol use, defined as
scoring 8 or more on the alcohol use disorders identification
test (AUDIT; [4]). Thisprevalencerate is ailmost double of that
found in the general population [5]. Additionally, 47% of
ex-serving personnel report binge drinking, defined as6 or more
units for females and 8 or more units (1 UK unit=8g ethanol)
for males, per session at least once per week [3].

Most people in the general population underestimate their
drinking and do not perceive it as problematic, even when the
level of consumptionispotentially harmful to health [6]; young
men are at particular risk of underestimating their drinking [6].
This pattern is similar among armed forces personnel with less
than half of hazardous drinkers recognizing that they have an
alcohol problem and seeking medical help [7]. Thereisaculture
of heavy alcohol use in the armed forces, which may be
encouraged or maintained by social determinants[8]; therefore,
leaving service could provide an opportunity to initiate
behavioral changein settingswith less peer pressureto conform
to social norms.

In the last decade, computer and Web-based interventions (eg,
Down Your Drink [9]) have been harnessed to increase reach,
provide real-time monitoring, and offer personalized delivery
[9-11]. More recently, the mode of intervention delivery has
shifted from Web-based to mobile-based [12]. Mobile apps for
use in health have proven to be an effective and successful
method of providing patient-centric interventionsthat are based
on real-time data and needs [13].

There are a large number of acohol-related apps available to
the general population with arecent content analysisidentifying
more than 600 apps, of which 91 were identified as focusing
on alcohoal reduction [14]. It has been reported that many apps
lack an evidence base and make no reference to the scientific
literature [14,15]. Recent research has found the use of mobile
apps as brief alcohol interventions to be effective compared
with traditional delivery methods (eg, face-to-face) [16,17];
however, the content of most existing alcohol smartphone

http://mhealth.jmir.org/2018/9/€10074/

interventionsis based on public health guidelinesregarding safe
alcohol limits[14,18]. Thesealcohol limits may not be perceived
as credible because they are viewed as state sponsored and are
often at odds with individual beliefs, prevailing social context,
and perceptions of consumption [18-21]. Many users do not
maintain engagement with mobile health interventions [22].
Further, the majority of existing alcohol mobile apps emphasize
long-term health consequences which are seen as remote risks,
especialy by young drinkers[15,17,23]. A recent meta-analysis
suggests that it may be more effective to focus on short-term
detrimental consequences to encourage individuals to reduce
their alcohol consumption [24].

Most existing alcohol apps include self-monitoring (eg, Drink
Less [23], Drink Aware [25], One You Drinks Tracker [26]),
wherein users are encouraged to regularly record and monitor
(viavisua graphics) their alcohol consumption within an app
[23,27]. Self-monitoring was found to be the most effective
behavior change technique (BCT) for reducing alcohol use; a
BCT is defined as a specific, irreducible component of an
intervention designed to change behavior and a putative active
ingredient in an intervention [28]. A recent review of computer
and Web-based delivered alcohal interventions suggested that
provision of normative feedback, goal review, and inclusion of
the social norms approach in combination were associated with
better outcomes[24]. Thereisalso evidence that short message
service (SMS) text message interventions can be successful in
encouraging peopleto changetheir behavior [29,30], and further
benefits may be gained by incorporating user input to tailor the
SM Stext messages. However, to the authors' knowledge, there
isno published work that seeks to develop an alcohol reduction
app for ex-serving personnel.

We are not aware of any mobile health app that seeks to
customize a brief alcohol intervention using personalized SMS
text messages. In this study, we describe the development of
the “Information about Drinking for Ex-serving personnel”
(InNDEx) mobile phone app, a tailored 4 week (28 day)
intervention specifically designed to target ex-serving personnel
who meet the criteriafor hazardous alcohol use, whichislikely
to impact on their functioning. The purpose of this study was
to design an engaging, responsive, and usable smartphone app
that delivers personalized SMS text messages and gathers
alcohol usage data and to test the usability and feasibility,
measured and reported as user engagement, of this app in a
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hard-to-engage ex-serving population. Our primary outcome
measure was adherence with InDEX, which was measured by
the number of weeks participants engaged with the app. Our
secondary outcome measures were how many times participants
used the app (eg, utilization of the drinks diary) and the
proportion of participants using INDEx at the end of the study
period.

Methods

Participants

Potential participants were eligible for inclusion if they had
served in the UK military, were aged 18-65 years, owned an
iPhone or Android device released after 2012, were willing to
receive daily SMS text messages, currently resided in UK, and
were capable of providing informed consent. Those who had
an AUDIT score lower than 8 or greater than 19 were excluded
because InDEXx isfocused on intervening among those drinking
hazardously or harmfully, who are likely to be experiencing
short-term consequences of their drinking, yet unlikely to be
seeking any treatment for this misuse. Those scoring above 20
on the AUDIT meet criteria for probable alcohol dependency
and we felt that they may require more intensive treatment.
Potential participantstook part inthe King's Centrefor Military
Health Research cohort study [2,31] and consented to receive
further contact. Participants were asked to use the InNDEX app
for aperiod of 4 weeks (28 days) between May 2017 and June
2017. Providing informed consent, downloading the app, and
registering an account constituted enrollment in the study.
Participants were compensated £40 for their time.

App Design and Development

Design and development of the INDEX app was undertaken on
an Apple MacBook Pro, 2.5 GHz i5 Intel processor and 8GB
RAM. Drifty Co IONIC Framework version 1 [32] was used
as the cross-platform framework to enable iOS and Android
deployments using Atom [33] as the devel opment environment
(see Multimedia Appendix 1 for an infographic of the INDEx
ecosystem).

A full description of the development process, including the
INDExX app source code, is available in [34]. A summary is
provided hereafter.

Specification and Devel opment

The development of the INDEx app was academic-led and
supported by experts in smartphone app development,
epidemiology, addiction psychiatry, and military mental health.
The content of the intervention incorporated effective
components of previous electronic acohol interventions (eg,
[24]) with SMS text messages informed by the health action
process approach (HAPA). HAPA theorizes that individuals
work through a number of stages to change their behavior,
emphasizing the motivational processesunderpinning behavioral
intentions and the various processes that bring about behavior
change[35,36]. The delivery was split into 3 stages, based upon
the HAPA model, with the content of the app and SMS text

http://mhealth.jmir.org/2018/9/€10074/
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messages corresponding to each stage, for example, goal setting
was only introduced at stage 2 (and available for use in stage
3). The stages were:

- Stage 1: Normative feedback (defined below), action
self-efficacy, and self-monitoring

- Stage 2: Maintenance of self-efficacy and action planning

- Stage 3: Recovery of self-efficacy and coping planning

The features were grouped into the following modules:

1. Account Management: Participants can modify personal
information (eg, first name, last name, and mobile number),
password, and app parameters (eg, automatic log-out and
clear local storage).

2. Assessment and Normative Feedback: Captures the
participant’s response to a set of questions (defined by the
research team) and aggregates responses to produce an
infographic  representing the participant’'s alcohol
consumption in comparison to the general population.

3. Sdf-monitoring and Feedback: Records alcohol
consumption by participants and provides arange of visual
(eg, charts, figures, and text) metricsto alow for monitoring
of consumption.

4. God (setting and review): Participants can set goal (s) based
on theimplementation intentions [ 37] methodol ogy; visual
feedback provides feedback on progress toward achieving
goal(s) set.

5. SMSText Messaging (review): Providesafacility to review
SMS text messages sent to and from the InDEx central
server system. Further, participants can rate automated SMS
text messages (5 star Likert rating).

The app was devel oped using Agile devel opment methodol ogies
[38] in which an incremental design approach is employed and
each increment builds upon the functionality of the previous.
Each increment underwent rigorous testing by stakeholder and
expert participants sourced from King's Centre for Military
Health Research and University of Liverpool (n=17) to ensure
software quality and usability. Stakeholders and expert
participants were requested to provide feedback on usability,
language, functionality, and errorsat each increment point. The
development cycle did not progress until functionality and
source errors were addressed.

To create an account, a participant was required to providetheir
first name, last name, email address, mobile telephone number,
username, password, and in-app informed consent. All sensitive
information such as password was encrypted using Bcrypt
hashing algorithms (salt factor 10).

INDEXx app is presented in Figure 1. The app was designed with
limited storage capabilities to avoid concerns regarding
confidentiality and privacy of data. Only the username and a
secure JSON Web Token denoting the user’s time restricted
session were stored on thelocal devicewith all other databeing
stored in temporary memory and accessible via application
programming interface calls. The app was also available for
limited offline use.
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Figure 1. Example screenshots of interactions with the INDEXx app (l€eft to right, beginning at top): normative feedback, personalized text message

history, set agoal, drink diary, dashboard and add a drink. Source: King's Centre for Military Health Research, King's College London.
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Operating System Selection

In UK, 4 out of 5 adults own a smartphone; among
18-44-year-olds, adoption is higher at 91% [39] with the
majority (over 90%) of smartphones operating either on Google
Android or AppleiOS. Based on this information, INDEx was
developed for use with both Google Android and Apple iOS
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enabled devices ensuring that awide spread of participants could
be included.

Personalized Text Messaging

The InDEx app was complemented by tailored SMS text
messaging that provides prompts to use the drinks diary,
suggests alternative behaviors, and provides feedback on goals.
A bank of 180 tailored SMS text messages was developed in
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linewith delivery stages (defined earlier), which wereinformed
by the HAPA framework and from discussion groups with
ex-serving personnel to further refine the messages (Table 1).
Each message had the following characteristics: what day it
would be sent, message content, and a decision tree defining
when it should betriggered. A participant would receive at least
one SMS text message each day, up to a maximum of 2. The
ultimate design and objective of each message was to prompt
diary completion and to suggest alternative behavior related to
their individual alcohol consumption.

INDEX uses baseline and contiguous measurements to inform
the type of SM Stext messages a participant receivesto provide
aparticipant-centric approach. Baseline measurements are used
to identify suitable messages and as a participant engages with
INDEX, continuous measurements are used to reflect current
behavior and attitude; for example, if a participant reports
feeling depressed or anxious (measured by the patient health
guestionnaire [40]), a message with suggestions for aternative
behaviors to cope with these symptoms (eg, going for a walk)
is sent. The messages covered a wide range of topics to target
beliefs and motivations with the primary aim of increasing the
participant’s awareness of their drinking habits and behaviors.
The messages were divided into 3 categories: (1) tailored:
personalized to drinking habits, baseline, and weekly
measurements; (2) tailored and triggered: tailored to baseline
and contiguous measurements and a specific event occurring;
and (3) targeted (generic): sent on specific days to highlight
inactivity, anew feature, or to remind users about an issue. See
Table 1 for examples of SM Stext messages. The message bank
and decision tree for sending SM S text messages are available
upon request from the corresponding author.

SMS text messages and two-factor authentication codes (used
to verify the participant’s mobile phone number) were sent
automatically using Twilio's Application Programming Interface
via InDEx central command servers. No human involvement
was required. All SM'S text messages sent to participants were
visible in the app (“My Messages’ page). Participants could
rate any message (rating scale 1-“poor” to 5-“excellent”) and
provide SMS text message responses, which were stored and
displayed to the user but not monitored by the study team.

Leightley et d

Submission and Testing

InDEx was submitted to the Google Play and AppleiTunes App
stores via Google Play Developer Console and Apple iTunes
Connect, respectively. For testing of INDEX, a private testing
group was created; only those who had been given permission
were able to access and download INDEX.

M easurement Reporting

All measurements were collected via the modules, as seen in
Figure 2. The study team had no ability to modify or influence
any measurement response.

Upon successful registration (referred to as“day 0”), participants
completed several baseline questionnaires that collected the
following information: (1) Age and sex; (2) Alcohol
consumption and alcohol use disordersviaal cohol use disorders
identification test (AUDIT; [41]); (3) Symptoms of anxiety
using thetwo item Generaized Anxiety Disorder Scale (GAD-2;
[42]); (4) Symptoms of depression using the two item patient
health questionnaire (PHQ-2; [40]); (5) Symptoms of
Post-Traumatic Stress Disorder were assessed using the five
item Diagnostic and Statistical Manual of Mental Disorders
Post-Traumatic Stress Disorder Scale [43]; and (6) Readiness
to Change and Self-efficacy Scales (score range: 0-10) [44].

Baseline measurement responsesinformed the type of SM Stext
message a participant would receive. Although thiswas optional,
the baseline measures were asked again upon completion of the
study (day 28).

Weekly Measurements

Participants were asked on days 8, 15, and 22 to complete
GAD-2, PHQ-2, and Readiness to Change and Self-Efficacy
Scales. Any response provided by the participant further
informed the tailoring of the SM S text messages, for example,
a participant who scores low on the Readiness to Change Scale
is sent supportive messages to encourage a willingness to
change.

Reporting Alcohol Consumption

Participants could “record” alcohol beverage(s) or an “alcohol
free day ” viathe “ Add Drinks’ tab; Multimedia Appendix 2
illustrates the types of alcoholic drink aparticipant could record.
Self-reported alcohol consumption is a standard method for
assessing the efficacy of low-intensity interventions[14,17,23].

Table 1. Anexample of the type of personalized SM S text messages sent to an individual throughout their use of the app.

Day tobesent Type Related BCT? Message
3 Tailored Mental rehearsal of successful Hi {name}, try thinking that if | am at the pub this week and feel like drinking then
performance (BCT 15_2)b imagine how fresh | will feel the next day if | do not drink alot.
8,14,21,28 Tailoredand Self-monitoring of behavior Hi {name}, have you logged your drinks from last week? It's quick and easy to do,
triggered (BCT 2.3)b just go onto the “drinks” tab in the app.
8 Generic Hi {name}, why not set agoal to reduce the amount you drink? It has been found to

Action planning (BCT 1.4)b

really help reduce your drinking, you can start now by clicking on the“goals’ tabin

the app.

3BCT: behavior change technique.

Ppersonalized SM'S text fields with reference to relevant behavior change technique taxonomy.
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Figure 2. Example screenshots of the INDEX app measurement (questionnaire) module. Source: King's Centre for Military Health Research, King's

College London.
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we send you.

To help us tailor the InDEx App 10 you, we need to
ask you a few questions. Your respanses will be
used to customise the INDEX app and text messages
we send you

Your progress. Your progress.

How often do you have a drink

How often do you have six or more
containing aleohol?

UNITs on one occasion?

Weekly

Participants could optionally provide volume, strength, price,
and calories; however, if no information was provided, UK
standard datawere used [45]. Further, participants could record
who they were drinking with, where they were drinking, and,
if consent was provided, their geographical position was
recorded.

Engagement and Usability

We measured usability by frequency of engagement using a
published procedure[46] that included the number of timesthe
app was initialized (ie, started when not running in the
background), the average session duration (ie, time spent using
the app and overall and for each page), the number of times a
participant performed an interaction (ie, synchronized data,
added a drink, and added a SM S text message rating), and the
number of weeksin which participants remained engaged with
the app. User engagement was defined as having at least 3
client-server interactionsin a7 day period, other than receiving
a SM S text message, and was used as a proxy for usability.

Participant engagement was tracked using Google Analytics
for Mobilewhich recorded datawhen the participant was online
or offline. It was not possible to confirm and track if a
participant read the SM S text messages, except in cases where
the participant provided arating from within the app.

Clinical Monitoring and Risk Management

Prior to the study commencing, arisk protocol was devel oped
and approved by the University of Liverpool Ethics Committee.
Adverse health eventswere ascertained viaautomatic monitoring
and reporting based on measurement responses and alcohol
consumption. A clinician received all warning natifications,
which were predefined by the research team for review. If the
clinician fdlt that the event was clinically significant, participants
were offered a call by a clinician (for those who declined, a
reason was recorded) to discuss the adverse health event. All
participants, irrespective of an adverse hedlth event, were

http://mhealth.jmir.org/2018/9/€10074/
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provided with a signposting and pathways to local support and
assistance viaa " Support” page within the app.

Data Analysis

We cal culated descriptive statistics to estimate engagement and
usability with the app, which were used as a proxy for the
feasibility of the INDEX app (to address the primary outcome).
Engagement stati sticswere reported as median and interquartile
range (IQR) because the data were not normally distributed
(evaluated using skewness and kurtosis values and visualizing
the data). Popularity of pageswasinferred from the summation
of the total number of times each page was viewed by users,
and pages were then ranked from highest to lowest number of
views.

The average number of drinking days, drink free days, units
consumed, units consumed per drinking day, and acoholic
drinks per drinking day were computed across participants and
reported as median and IQR. In this study, the number of binge
drinking days was computed per week based on the number of
days participants reported consuming 6 or more a coholic drinks
(to address the secondary outcome). Self-reported baseline and
weekly measurements were presented as median and 10QR,
except for Readinessto Change and Self-Efficacy Scales, which
were presented as mean and SD. Analyses were undertaken
using STATA SE 14.2.

Ethical Approval

Ethical approval was obtained from the local Research Ethics
Committee at the University of Liverpool (reference: #0625).

Results

Recruitment, Study Enrollment, and Participant
Demographics
Asshownin Figure 3, 150 individual swere contacted viaemail

to participatein this study; 13 emailsbounced back asthe email
addresses were not valid. Overall, 22.6% (31/137) downloaded
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and registered an account with InDEX, 87% (27/31) male and
13% (4/31) female. Of those who joined, 16% (5/31) were aged
25-39 years, 19% (6/31) were aged 40-44, 19% (6/31) were
aged 45-49, 19% were aged 50-54 (6/31), and 26% (8/31) were
aged 55-64. Finally, 84% (26/31) reported serving in the military
for 12 years or more.

Engagement

Participants used the INDEx app for a median of 4.0 (IQR
3.0-4.0) weeks (primary outcome), initializing 15.0 (IQR
8.5-19.0) times over 4 weeks and engaging in 29.0 (IQR
20.0-40.5) sessions for a median of 48.8 seconds (IQR
35.1-73.1). Table 2 provides the engagement measures relating
to the level of engagement and adherence; 74% (23/31) of
participants used the app every week (maximum 4 weeks) with
87% (27/31) using the app in the final week. Table 3 describes
the top 10 pages viewed by participants with the “ Dashboard”
(38.41%) page being the most popular.

Drinking Behaviors

Table 4 describes the frequency with which participants made
adiary entry. Participants consumed alcohol a median of 13.0
(IQR 11.0-15.0) days, had 15.0 (IQR 13.0-17.0) drink free days,
and recorded 2.0 (IQR 1.0-4.0) alcoholic drinks per drinking
day with amedian of 4.7 (IQR 2.3-9.1) units per day.

Table 5 illustrates the drinking behavior of participants over
the study period. During week 1, participants reported amedian

Figure 3. Participant flow through the study.

150 participants contacted
via email

hJ
56 participants expressed
an interest

Leightley et d

of 2.0 (IQR 1.0-3.0) binge drinking days per week with asimilar
result in week 4.0 (2.0; IQR 1.0-2.5). However, reductions in
units per drinking day from week 1 (5.6; IQR 3.3-11.8) to week
4 (4.7, IQR 2.0-6.9) and units consumed (week 1: 22.9; IQR
14.3-32.4 and week 4: 15.9; 11.6-26.9) was observed.

M easurement Responses

Table 6 summarizes participants baseline and weekly
self-reported measurement responses. Participants had abaseline
median AUDIT score of 11 (IQR 10-12), indicating hazardous
alcohol use, with an average Readiness to Change Scale score
of 4.4 (SD 3.2), indicating somewillingnessto change. A small
change in AUDIT score was observed for participants who
self-reported for Day O (registration) and Day 28 (fina day)
based on median score; however, they would still be classified
as hazardous drinkers. Most participants did not report anxiety
or depression symptoms (measured via GAD-2 or PHQ-2)
throughout the study.

Text Messaging

In total, 1083 (mean 36.1, SD 3.2) SMS text messages were
sent. Participants were able to reply to messages but were
informed that responses would not be monitored. There were
18 replies and 42 SM S text message ratings. The mean rating
of content suitability was 2.5 (SD 1.3), indicating a neutral
rating for the content of those messages. One participant
withdrew consent for receiving SM S text messages on day 16
of the study.

f—————————— 81 emails, no response

13 emailsreturned to
sender

| —

-| 21 no response to follow-up

4 illegible due to self-reported
alcohol dependency

31 downloaded and registered
an account with InDEx

Table 2. Engagement measures over the study period per participant.

Engagement Measure

Median (IQR?

Initializations®
Session count
Session duration (s)
Interactions®

Weeks active

15.0 (8.5-19.0)
29.0 (20.0-40.5)
48.8(35.1-73.1)

223.0 (182.3-303.5)
4.0 (3.0-4.0)

3 QR: interquartile range.

bApp initialization reflects the app being opened without a background session existing.
’Defined as a participant performing a click event (eg, add drink, log-out, change page, change drinks diary chart).
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Table 3. Top 10 viewed pages within the INDEXx app visited by participants within the study period.

Page n (%)
Dashboard 4045 (38.41)
Drinks diary 3031 (28.78)
Add drink 1160 (11.01)
Account 390 (3.70)
Goals 379 (3.59)
Normative feedback 244 (2.31)
Weekly assessment 166 (1.57)
Login 148 (1.40)
Support 102 (0.96)
Your messages 98 (0.93)
Other pages 766 (7.27)

Table 4. Number of drinking days, drink free days, units consumed, and alcoholic drinks per drinking day across the study period (4 weeks, n=31).

Reported alcohol consumption Median (IQR?
Drinking days 13.0 (11.0-15.0)
Drink free days 15.0 (13.0-17.0)
Units per drinking day 4.7 (2.3-9.1)
Units consumed 79.4 (58.4-117.3)
Alcoholic drinks per drinking day 2.0(1.0-4.0)

& QR: interquartile range.

Table 5. Drinking behavior of participants over the study period; n denotes number of participants who recorded an alcohol event during the period.

Reported alcohol consumption Week 1 (n=31), Week 2 (n=30), Week 3 (n=29), Week 4 (n=31),
median (IQR?) median (IQR) median (IQR) median (IQR)
Drinking days 4.0(3.0-5.0) 3.0(3.0-4.0) 3.0(3.0-4.0) 3.0(2.0-3.0)
Drink free days 3.0 (2.0-4.0) 4.0 (3.0-4.0) 4.0 (3.0-4.0) 4.0 (4.0-5.0)
Units per drinking day 5.6 (3.3-11.8) 6.5(2.3-9.1) 454 (2.3-8.9) 4.7 (2.0-6.9)
Units consumed 22.9(14.3-32.4) 20.4 (14.6-25.0) 18.1(12.7-26.3) 15.9 (11.6-26.9)
Alcoholic drinks per drinking day 2.0(2.0-4.0) 3.0(1.0-4.0) 2.0(1.0-4.0) 2.0 (1.0-4.0)
Binge drinking days per week? 2.0(1.0-3.0) 2.0(1.0-2.0) 1.0(0.0-2.0) 2.0(1.0-25)

& QR: interquartile range.
PDefined as havi ng 6 or more alcohalic drinks in asession.

Table 6. Self-reported baseline and weekly measurement responses.

Variable Day 0(n=31) Day8(n=25) Day15(n=25) Day?22(n=21) Day 28 (n=22)
Two item Generalized Anxiety Disorder Scale, median (IQR?) 0 (0-1) 0(0-0) 0(0-1) 0(0-0) 0(0-0)

Two item patient health questionnaire, median (IQR) 0(0-2) 0 (0-0) 0(0-1) 0 (0-0) 0 (0-0)
Alcohol use disorders identification test, median (IQR) 11 (10-12) N/AP N/A N/A 10 (8-12)
Self-efficacy, mean (SD) 6.7 (2.7) 5.9(3) 49(3.2) 6.3 (2.5) 45(3.1)
Readiness to change, mean (SD) 44 (3.2 4(3.3) 3.4(2.8) 49(3.2) 3.7(27)

3 QR: interquartile range.
BN/A: not applicable.
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Discussion

Principal Findings

The aim of this paper was to design an engaging, responsive,
and usable smartphone app that delivered personalized SMS
text messages and gathered alcohol usage data. We tested the
usability and feasibility, measured and reported as user
engagement, of this app in a hard-to-engage ex-serving
population. The INDEX app was codesigned by stakeholders
and ex-serving personnel, with the resultsindicating successful
user engagement and adherence. Based on the primary and
secondary outcome measures, the participants used the app for
the length of the study period, with two-thirds of participants
using the app every week and the magjority still using it in the
final week (27/31, 87%). These engagement measures suggest
that participants were highly active in using INDEx during the
study period and that it isfeasibleto collect a cohol consumption
datafrom this population. On average, most participants reported
drinking on just under half of the daysin the study period with
participants reporting binge drinking on average 2 timesaweek.
Reductions in units per drinking day and units consumed per
week were observed across this 4 week study (yet the average
number of drinks remained consistent); however, it is not
possible to determine whether this may be due to participants
changing the size and alcohol content of their drinks in this
small feasibility study.

In this study, the most frequently opened page was the
“Dashboard,” the “Drinks Diary” page was the second most
frequently accessed, and the “Add Drinks’ page wasthird. The
top 3 most viewed pages accounted for 78.20% (8236/10529)
of al app views, indicating that most participants used the
INDEX app primarily for monitoring drinks and the other features
were not used as frequently. InDEX offered the ability to set a
goa using an if-then format; however, participants used this
feature rarely even after encouragement to set agoa viaSMS
text message and in-app prompts. Thismay be dueto the sample
not believing that they have a problem or being unable to
navigate to and set a goal, which will be explored further in
future work.

We applied behavior change theory [28] to create asmartphone
app that incorporated atailored SM S text messaging framework
in an attempt to engage with userswho are usually hard to reach
[47-49]. It is difficult to ascertain if, and to what extent, SMS
text messages encouraged al cohol reduction or app engagement.
Future work is needed to assess the relationship between
receiving a SM'S text message and engagement with the app.
The INDEX app takes advantage of a delivery method that
circumvents practical and psychological barriers by utilizing
digital technology. Participantswere compensated for registering
but had no financia incentive to usethe app for the study period;
neverthel ess, they spent amedian of 4 weeks engaging with the
app.

INDEx has features not offered in other currently available
alcohol apps [17,18,23]. Firgt, it offers a user-centered and

http://mhealth.jmir.org/2018/9/€10074/
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personalized design; features (ie, normative feedback) of the
app were generated through codesign discussions with
stakeholders and ex-serving personnel and developed using an
iterative development framework to ensure that they were
properly focused. The second major facet of the app was the
use of BCTs in conjunction with data collected via the app to
personalize the SM S text messages sent to participants. These
features exploit contemporary technology which, as our
feasibility study suggests, has the potential to promote the
acceptability of INDEx and encourages usersto engage with the
app to record and thereby self-monitor their alcohol
consumption. Third, InDEX isfocused on reducing al cohol use
among those meeting criteriafor hazardous to harmful alcohol
use (who may not recognize that they have a problem with
alcohal), unlike other studies which have sought to support
recovery for alcohol dependency (a coholism) [21].

To the authors' knowledge, this was the first study to use SMS
text messages embedded in an app to specifically focus on
improving engagement and alternative behavior related to the
individual alcohol consumption of ex-serving personnel.
Although several studies have sought to investigate the impact
that SMS text messages and tailoring can have on adherence,
the combined use of the 2 strategies within the framework of a
mobile app has never been attempted before.

Limitations

Notwithstanding the study strengths, our findings have some
limitations. First, the baseline weekly a cohol consumption data
were self-reported, albeit using reliable, consistent, and “gold
standard” measurements. Aswith all self-report measures, recall
and socia desirability biases may have impacted responses to
be more favorable than if collected using objective methods,
such as transderma acohol monitoring [50,51]. Second,
participants were asked to use the InNDEx app for 4 weeks.
Although the app appearsfeasible and acceptable to users based
on engagement measurements during the study period, thisstudy
was not designed to ascertain the long-term benefits. Third, the
sample size and design were appropriate for feasibility testing
but not for ng the efficacy of the app. Fourth, participants
were recruited via the King's Centre for Military Health
Research and offered an incentive to take part, resulting in a
possible selection bias because participants had consented to
participate in a research study previously. Finally, we studied
InDEX in isolation and did not directly compare it with other
app-based interventions.

Conclusions

In summary, the results of this study suggest that the InDEXx
app was feasible to implement and acceptable to participants,
who typically engaged with the app for most of the study
duration. It was feasible that participants reduced alcohol
consumption during the study period, but this needs to be
specifically addressed in arandomized controlled trial. Future
research is needed to eval uate the engagement with and efficacy
of InDEx for the reduction of alcohol consumption and binge
drinking in an armed forces population.
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Abstract

Background: The Carrot Rewards app was developed as part of an innovative public-private partnership to reward Canadians
with loyalty points, exchangeablefor retail goods, travel rewards, and groceriesfor engaging in healthy behaviors such aswalking.

Objective: This study examined whether a multicomponent intervention including goal setting, graded tasks, biofeedback, and
very small incentivestied to daily step goal achievement (assessed by built-in smartphone accel erometers) could increase physical
activity in two Canadian provinces, British Columbia (BC) and Newfoundland and Labrador (NL).

Methods: This12-week, quasi-experimental (single group pre-post) study included 78,882 parti cipants; 44.39% (35,014/78,882)
enrolled in the Carrot Rewards “ Steps’ walking program during the recruitment period (June 13-July 10, 2016). During the
2-week baseline (or “run-in”) period, we calculated participants’ mean steps per day. Thereafter, participants earned incentives
intheform of loyalty points (worth Can $0.04 ) every day they reached their personalized daily step goal (ie, baseline mean+1000
steps=first daily step goal level). Participants earned additional points (Can $0.40) for meeting their step goal 10+ nonconsecutive
timesin a 14-day period (called a“ Step Up Challenge”). Participants could earn up to Can $5.00 during the 12-week evauation
period. Upon meeting the 10-day contingency, participants could increase their daily goal by 500 steps, aiming to gradually
increase the daily step number by 3000. Only participants with =5 valid days (days with step counts: 1000-40,000) during the
baseline period wereincluded in the analysis (n=32,229).The primary study outcome was mean steps per day (by week), analyzed
using linear mixed-effects models.

Results: The mean age of 32,229 participants with valid baseline data was 33.7 (SD 11.6) years; 66.11% (21,306/32,229) were
female. The mean daily step count at baseline was 6511.22. Over half of users (16,336/32,229, 50.69%) were categorized as
“physically inactive,” accumulating <5000 daily steps at baseline. Results from mixed-effects models revealed statistically
significant increasesin mean daily step counts when comparing baseline with each study week (P<.001). Compared with baseline,
participants walked 115.70 more steps (95% CI 74.59 to 156.81; P<.001) at study week 12. BC and NL users classified as“high
engagers’ (app engagement above sample median; 15,511/32,229, 48.13%) walked 738.70 (95% Cl 673.81 to 803.54; P<.001)
and 346.00 (95% Cl 239.26 to 452.74; P<.001) more steps, respectively. Physically inactive, high engagers (7022/32,229, 21.08%)
averaged an increase of 1224.66 steps per day (95% CI 1160.69 to 1288.63; P<.001). Effect sizes were modest.

Conclusions:  Providing very small but immediate rewards for personalized daily step goa achievement as part of a

multicomponent intervention increased daily step counts on a population scale, especially for physically inactive individuals and
individuals who engaged more with the walking program. Positive effectsin both BC and NL provide evidence of replicability.
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Introduction

The health benefits of regular physical activity are
unquestionable. Regular moderate-intensity physical activity,
brisk walking, for example, reduces the risk of several
noncommunicable diseases, such as type 2 diabetes [1,2].
Regular physical activity has also been shown to improve
cognition [3], prevent and manage depression [4], and prevent
or delay the onset of dementia[5]. Furthermore, arecent analysis
of objectively measured physical activity (n=5562 American
adults) determined that participation in moderate-intensity
physical activity was associated with substantial reduction in
mortality risk [6]. For women, even modest participation in
low-intensity physical activity, for example, slower walking
without * huffing and puffing,” was linked with lower mortality
risk [6]. Unfortunately, physical inactivity remains a global
pandemic [7,8]. Conservative estimates suggest that this
pandemic cost the global economy US $53.8 hillion in direct
health care expenses in 2013 [9]. In Canada, as in most
higher-income countries, the public sector bears the largest
proportion of health care expenditures attributable to physical
inactivity [9].

Behavioral economics, a branch of economics complimented
by insights from psychology [10], has stimulated interest in
using financial health incentives to promote physical activity
[11]. Financial health incentives are defined as rewards with
monetary val ue contingent on achievement of prespecified health
behaviors or outcomes [12], such as rewarding people to walk
more [13] or to lose weight [14]. One way timely financial
incentives might work, according to behavioral economics, is
by leveraging people’s predictable tendency to act in favor of
their immediate self-interest, aprincipal referred to as* present
bias’ [10]. In the case of physical activity, the likelihood that
someone will be more physically active should increase if a
financial incentive is at stake—and the more immediate the
incentive, the stronger the nudge, according to this theoretical
perspective [15].

Evidence supporting the use of financial health incentives is
growing, with 2 systematic reviews[13,16] and 1 meta-analysis
[17] finding that incentives generally increase physical activity
in the short-term (<3 months) and while they are still in place
(ie, before they are withdrawn). However, evidence regarding
sustained physical activity increases (ie, after incentives are
removed) is more mixed, with some randomized controlled
trials (RCTs) reporting postintervention benefits [18-21] and
othersnot [22-24]. Finkelstein et a (2016) conducted the largest
(N=800) of these trials and found that physical activity was
higher among incentive group participants at 6 months, but this
effect was not sustained 6 months after incentive removal [24].
The authors suggest that study design (eg, intervention duration),
sample characteristics (eg, baseline physical activity), and
incentive features (eg, generic, not tailored, physical activity
goals) may have moderated postintervention responses.

http://mhealth.jmir.org/2018/9/e178/

Discrepant findingsand astill limited number of studies suggest
that more research is needed to el ucidate conditions under which
incentives are more likely to drive postintervention changes.

In some cases, however, offering incentives for longer periods
may be suitable, as Finkelsetin et a (2016) suggest—until a
time when physical activity motives are internalized (“1 walk
because it makes me feel good”) or until clinically meaningful
health outcomes are achieved [24]. While acknowledging that
more research is needed [25], the 3 RCTs that have tested
physical activity incentives for =6 months have reported
significant, positive effects [22,24,26]. However, the cost of
longer term incentive programs may be prohibitive, especially
if offered on a population scale. Therefore, at the same time
research continuesto examine conditions under which incentives
drive sustained, long-term changes, effortsto increase efficiency,
and thus scalability, of incentive interventions are al so needed.
The incentive magnitude typically used to promote physical
activity in RCT settings (ie, US $1-US $2 per day)
[15,19,22,23,27,28] may be simply too high for third-party
payers and real-world implementation.

To reduce the cost of incentives and realistically operate within
fixed government or insurer budgets, several incentive program
features or reinforcement properties can be manipulated (eg,
size, immediacy, probability, timing, type of incentive)
[11,22,29,30]. For example, by shortening the time between
behavior and reward so that rewards are delivered immediately
after desired responses, the reward size needed to stimulate
physical activity may decrease [11]. Smartphone technology
presents an opportunity to provideincentivesimmediately upon
physical activity goal completion (eg, steps per day). Built-in
smartphone accel erometers now makeit easier to track physical
activity (ie, since the Apple Inc. iOS Health Kit app launched
in  2014) [31]; furthermore, previousy unavailable
moment-by-moment physical activity data can now be used to
set and personalize physical activity goals and provide
immediate feedback in the form of rewards (eg, rewards
automatically transmitted to Web-based accounts). Also, loyalty
points (ie, points given by retailersto promote customer loyalty)
have emerged as a promising new incentive type (vs cash,
vouchers, or charity donations) [32-34]. Research shows that
consumerstend to overval uethe pointsthey collect (eg, although
US $1 cash may have stimulated physical activity in the past,
US $0.50 in loyalty points may produce the same effect) [35],
possibly lowering the reward size needed to stimulate physical
activity. These intervention features (using smartphonesto track
and reward physical activity with loyalty points) may appeal to
governments and insurers looking to deploy financial health
incentives more efficiently.

In Canada, such features are now available via the Carrot
Rewards app, a new mHealth initiative that rewards Canadians
with loyalty points (eg, retail goods, travel, groceries) to engage
in healthy behaviors (eg, visiting flu shot clinic, walking)
[34,36,37]. This study’s purpose was to examine whether the
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Carrot Rewards “ Steps” walking program, which utilizes very
small incentives (Can $0.04 in loyalty points) tied to daily step
goa achievements could stimulate physical activity in two
Canadian provinces.

Methods

Background

Carrot Insights Inc. is a private company that developed the
free Carrot Rewards app with support from the Public Health
Agency of Canada. The British Columbia (BC) Ministry of
Health was the company’sfounding provincial Ministry partner.
Newfoundland and Labrador (NL) was the second Canadian
province to offer the app to its residents. Carrot Rewards was
made available for BC and NL residents on the Apple iTunes
and Google Play app stores on March 3 and June 13, 2016,
respectively, in both English and French (Canada's officia
languages). Upon downloading the app, the users were asked
to enter their age, gender, postal code, and loyalty program card
number to complete registration (users without loyalty cards
were directed to an easy sign-up page). To register successfully,
users must have entered avalid BC or NL postal code and have
been =13 years (age cutoff of participating loyalty programs).
The walking program was not initially availablein BC, but was
introduced the day the app launched in NL. Carrot Insights Inc.
partnered with 4 major Canadian loyalty programs to offer a
variety of popular incentives (ie, points could be redeemed for
groceries, travel, movies, or gas). While BC users could earn
pointsviaany of the 4 participating loyalty programs, NL users
could earn pointsonly for the 2 loyalty programswith aregional
presence (ie, movies and travel). In addition to the 4
participating loyalty programs, Carrot Insights Inc. aso
partnered with 4 Canadian health charities (ie, Heart and Stroke
Foundation of Canada, Diabetes Canada, Young Men's Christian
Association Canada, and the BC Healthy Living Alliance),
primarily for the purpose of reviewing and approving health
education content offered in the app. The Behavioural Research
Ethics Board of the University of British Columbia approved
this study (UBC BREB Number H17-02814).

Recruitment

The marketing assets of the 4 loyalty programs and 1 charity
partner were leveraged so that in the first few weeks, partners
could heavily promote the app in both provinces (ie, in BC,
partners sent 1.64 million emails to their loyalty members; in
NL, the number of emails is unknown). The users were not
automatically enrolled in the walking program, but were rather
asked to opt-in. Study recruitment was open for approximately
1 month from June 13 to July 10, 2016. To participate, users
had to agree to alow the app to access step data tracked and
stored in their smartphones and were rewarded Can $0.60 in
loyalty points for doing so.

Study Participants and Design

Registered usersfrom BC (n=65,414) and NL (n=13,468) were
eligible to participate in the walking program. However, only
those with iPhone version 5S or higher could participate (ie,
the Hedlth Kit app, step data aggregator, is supported and
preinstalled on these devices). Android smartphone users could
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also participate, but they were required to download the Health
Kit equivalent (ie, Google Fit app) first. Only those who enabled
the walking program on their smartphones (ie, allowed the app
to accesstheir data) received the intervention. From June 13 to
July 10, 2016, 78,882 users from two Canadian provinces (BC
and NL) were eligible to participate in the walking program,
and 44.39% (35,014/78,882) ultimately activated it on their
smartphones during the recruitment period. To examine the
effect of this multicomponent intervention on objectively
measured daily step counts, a 12-week quasi-experimental
(single group pre-post) study design was employed. Testing the
walking program simultaneously in 2 provinces provided a
direct replication condition.

Theoretical Underpinnings

This intervention was theoretically based on principles from
behavioral economics and self-determination theory. While
behavioral economics describes how incentives exploit “ present
bias’ to stimulate behaviors [10], self-determination theory
focuses on the extent to which behaviors are controlled by
external agents(eg, physicians) or contingencies (eg, incentives)
and can be sustained [38]. A morethorough review of how these
theories complement each other in afinancial health incentive
context is presented elsewhere [39]. Briefly, timely in-app
notifications (“Congrats! You have achieved your 6600 daily
step goal!”), very small incentives (not to be overly controlling
and to protect autonomy), and a personalized approach to goal
setting (realistic daily step goals, so users experience success
early) were deployed to maintain fidelity to both behavioral
economics and self-determination theory. As well, a range of
behavior change techniques [40] are embedded in the app,
including goal setting, self-monitoring, and biofeedback (ie,
feedback using an external monitoring device), and graded tasks
(ie, set at “easy” and then their difficulty increased).

Basaline Period

For a personalized walking goal to be generated (ie, steps per
day), users must have accumulated at least 5 valid days during
theinitial 14-day baseline or “run-in” period. A valid day was
defined as any day with step counts from 1000 to 40,000, as
these numbers were considered reasonable, not outliers [41].
Dayswith step counts <1000 were considered days smartphones
were not worn, and days with step counts above 40,000 were
deemed suspiciously high (eg, technology bug) and were
excluded. For userswith at least 5 valid days, adaily step count
average was calculated for the baseline period, and 1000 steps
were added to set thefirst daily step goal (rounded to the nearest
100 steps). If users did not have a sufficient number of valid
days (ie, <4 days) during the baseline period, a generic 5000
daily step goal was provided and they were excluded from
analysis. The approximate the number of steps taken daily by
the average Canadian adult is 5000, as measured by a popular
smartphone-based activity tracking app [42].

Program

After the 14-day baseline period, users could begin to earn
incentives for reaching or exceeding their individualized daily
step goals; aprogresswhed illustrated progressfor the day (see
Figure 1 for walking program screenshots). Incentivesfor daily
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achievements were worth Can $0.04 in loyalty points. After 2
weeks of earning daily rewardsin the form of points, users could
then begin to earn bonus rewards worth Can $0.40 in points for
reaching their daily goal =10 nonconsecutive times within a
14-day period, called a “Step Up Challenge” Incentives for
longer term (eg, biweekly) physical activity goals, in addition
to daily goasonly, have worked well in past studies[24]. Users
were automatically enrolled in the first “ Step Up Challenge,’
but thereafter always had to accept the challenge when it became
available. A bar graphtoillustrate“ Step Up Challenge” progress
was also made available upon tapping “Accept” in the app (see
Figure 1). For users who successfully completed the “ Step Up
Challenge,” anew higher daily step goal was provided (ie, 500
steps more than the previous goal). For unsuccessful users, the
previous goal persisted. Over the 3-month evaluation period,
participants could earn atotal of Can $5.00in points (Can $0.60
for activating the walking program, Can $2.80 for daily step
goal achievements, and Can $1.60 for successfully completing
4 “Step Up Challenges’).

Figurel. Carrot Rewards app’'s“ Steps’ walking program screenshots.
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Outcome M easures

The primary outcome variable was mean daily step counts as
measured by either built-in smartphone accelerometers, for
example, iPhone 5S or higher for 53.63% (42,304/78,882) of
users, Android devicesfor 37.48% (29,565/78,882) of users, or
any Fitbit device for 7.18% (5664/78,882) of users. Recent
validation studies found that the iPhone step counting feature
(version 6 or newer), aswell asthose for Android smartphones
(eg, HTC, Motorola) and Fithit trackers (eg, hip-worn Zip,
wrist-worn Flex) were accurate in laboratory and field conditions
[43-45]. However, Duncan et al (2018) did determinethat steps
were underestimated by theiPhone step counting featurein their
free-living condition by approximately 1340 steps per day [43].
According to the study authors, thislikely reflects not carrying
theiPhone continually throughout the day rather than inaccuracy
in the step counting feature; they suggest that if adherence can
be optimized, smartphones may be suitable for physical activity
evauations.
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Covariates

The majority of demographic variables used to describe the
study sample were self-reported (eg, age, gender, province).
Median persona income was inferred by linking user postal
codes with census data (ie, 2011 National Household Survey)
at the local health area level (89) in BC and regiona health
authority level (4) in NL.

Data Analyses

Three different analytical approaches were used to account for
missing data and to test the sensitivity of our assumptions with
the analytical sample: (1) The “any” data approach included
participants with valid baseline data (=5 days in acceptable
range during the 14-day baseline period) and at least 1 other
valid week (ie, at least 4 valid daysin a 7-day week) from study
week 1 to 12 (32,229/35,019, 92.03% of those enabling the
walking program met these criteria); (2) the “completer”
approach included just participants with valid data at baseline
and study week 12 (19,964/32,229, 61.94%); and (3) the
“imputed” approach included participants with valid baseline
data, but no valid data at study week 12 (29,261/32,229,
90.79%). Then, we imputed participants “Pseudo study week
12" by carrying forward their baseline values. Therefore, among
those included in the anaysis (n=32,229), 61.94%
(19,964/32,229) had complete datasets (completers). No
differences were observed in demographic characteristics
between completers and noncompleters (see Table 1). Sincethe
3 different analytic approaches yielded very similar results,
given the public health nature of the intervention and that
completers did not differ from noncompleters on key
demographic characteristics, analyses using the “any” data
approach are presented.

Statistical analysis was performed using R 3.3.0.68 Mavericks
build (7202) Rstudio Version 1.0.136 (RStudio, Boston, MA,
USA). Study week was treated as a categorical variable

Mitchell et al

(baseline=0, study week 1=1, ..., study week 12=12) to allow
for the nonlinear trajectory of daily step counts. Also, the
estimate for each study week helped refine the program to
maintain user engagement. Mixed-effects models were
performed to examine whether there were significant changes
in mean daily step counts between baseline and study week 12.
We fitted a simple linear mixed-effects model that included
study week astheindependent variabl e (baseline datawere used
as the reference), followed by an adjusted model with random
intercepts to account for measurements nesting within
individuals and by controlling for age, gender, median personal
income, and province as covariates. Analyses were performed
on the entire sample, and participants were stratified by physical
activity status as defined by Tudor-Locke et al [46] (ie,
physically inactive: baseline mean steps per day<5000;
physically active: baseline mean steps per day=5000) and by
province (ie, BC and NL).

As suggested by previous studies [47], we examined whether
participants' engagement levels had a moderating effect on
intervention outcome. Two additional variables, engagement
and study week x engagement, were tested in all models.
Engagement was a variable dichotomizing all participants into
2 categories, “high” or “low” engagers, based on the median
percentage of dayswhen a* Step Up Challenge” was accepted.
The interaction term allows the difference between high and
low engagers to differ at baseline and study week 12, while
controlling for their baseline values and other covariates. Cohen

f2 for local effect sizes of mean daily step counts within
mixed-effects models were calculated, with £2>0.02, {2>0.15,

and 20.35 representing small, medium, and large effect sizes,
respectively [48]. Least-square means along with P valueswere
obtained from mixed-effects models for comparing mean daily
step counts between subgroups. All data were expressed in
|east-square means with 95% Cl s. Statistical significancelevels
were set at P<.05.

Table 1. Baseline characteristics of Carrot Rewards users, by completion status, and for the general Canadian population.

Characteristics Completers? Noncompl aterd Canadian population
(n=19,964) (n=12,265) (N=35,151,728)

Agein years, mean (SD) 33.8(11.4) 33.5(11.9) 40.6 (median)

Gender (% female) 66.1 66.1 50.4

Province (% British Columbia) 72.1 70.3 13.2

Median personal income (Can $1000/year), mean (SD) 29.7 (4.1) 29.6 (4.0) 33.9

Steps per day, basdline mean (SD) 6665.6 (4220.7) 6157.5 (4388.9) N/AC

Engagementd (% high) 59.4 19.8 N/A

Parti cipants with valid data at baseline and study week 12.
BPartici pants with valid data at baseline, but not at study week 12.
°N/A: not applicable.

A variable dichotomizi ng participantsinto 2 categories, “high” or “low” engagers, based on the median percentage of dayswhen a*“ Step Up Challenge’

was accepted.
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Results

Baseline Characteristics

The mean age of the 32,229 participants with valid baseline
data was 33.7 (SD 11.6) years; 66.11% (21,306/32,229) were
female (Table 1). Participants from BC made up 71.41%
(23,016/32,229) of the study sample owing to the province's
larger population and to the app launching 3 months prior to its
launch in NL. The mean personal median income was Can
$29,650, dlightly lower than that of 2014 BC and NL means of
Can $31,610 and Can $30,450, respectively [49]. The mean
daily step count at baseline was 6511.22 steps per day. Just over
half of users 50.69% (16,336/32,229) were categorized as
“physically inactive,” having accumulated <5000 daily steps at
baseline. Assuming age, income, and province were held
constant, male participants walked 2297.50 steps more steps
per day at baseline compared with females (P<.001), and
participants from NL walked 992.95 fewer steps per day than
those from BC (P<.001).

Mitchell et a

Weekly M eans

The trends of daily step counts for the total group and the
physically inactive subgroup over the 12-week intervention
period are illustrated in Figure 2. The difference between
baseline and the 12-week eval uation period average for the total
group (5.01%) and physically inactive participants (21.14%)
arealsoillustrated. Error bars show 95% Cls. For thetotal, some
behavioral decay was observed in later weeks as the weekly
steps per day average dropped below the 12-week intervention
mean (6864.77 steps) in study weeks 9 (6772.68 steps) through
12 (6626.92 steps). The average increase in daily step counts
over the 12-week intervention period was 353.56 steps, which
representsa’5.01% difference from baseline. Among physically
inactive users, an average increase of 861.12 steps per day was
observed, representing a21.14% differencefrom baseline. There
was no evidence of behavioral decay in thissubgroup asweekly
steps per day persisted at or above the intervention mean
(4621.76 steps) in study weeks 9 (4622.22 steps) to 12 (4634.83

steps).

Figure2. Least-square meansfor daily steps at baseline and for each study week during the 12-week evaluation period for the total sampleand physically

inactive participants.
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Table 2. Changesin mean daily step counts between baseline and study week 12.
Analysis Basdlineleast-square  Week 12 |east-square  Differences (Week 12 —baseline)  cohen £2°
means? (95% Cls) means? (95% Cls) | east-square means? (95% Cls)
Total sample analysis 6511.22 (6242.24 to 6626.92 (6357.34 to 115.70 (74.59 to 156.81) 0.0059
6780.19) 6896.50)
Subgroup analyses
Physical activity status
Physically inactive 3760.64 (3543.31 to 4634.83 (4416.56 to 874.19 (827.98 to 920.40) 0.0234
3977.96) 4853.09)
Physically active 8778.01 (8392.20 to 8297.19 (7910.38 to -480.82 (-545.17 to —416.46) 0.0073
9163.81) 8684.00)
Province
British Columbia 7064.82 (6796.12 to 7282.83 (7013.40 to 218.01 (169.56 to 266.46) 0.0061
7333.52) 7552.26)
Newfoundland and Labrador 6071.87 (5790.32 to 5938.22 (5654.07 to -133.66° (-155.98 to —3.37) 0.0087
6353.43) 6222.37)
Engagement
Low engager 6229.27 (5958.75 to 5738.52 (5466.67 to -490.75 (-551.21 to -428.29 0.0073
6497.80) 6010.37)
High engager 6780.37 (6509.93 to 7411.27 (7140.55 to 630.90 (575.43 to 686.36) N/AD
7050.81) 7681.99)
Physically inactive, low engager 3650.63 (3432.54 to 4132.55(3911.07t0  481.92 (414.62 t0 549.22) 0.0055
3868.72) 4354.04)
Physically inactive, high engager 3838.79 (3628.93 to 5073.45 (4853.31 to 1224.66 (1160.69 to 1288.63) N/A
4068.65) 5293.59)
Physically active, low engager 8588.00 (8200.39 to 7258.26 (6866.58 to -1329.74 (-1427.93 t0 -1231.56)  0.0096
8975.61) 7649.93)
Physically active, high engager 8928.63 (8540.95 to 9131.09 (8742.81 to 202.26 (117.20 to 287.72) N/A
9316.31) 9519.36)
British Columbia, low engager 6771.26 (6500.00 to 6353.11 (6078.918t0  -418.15 (-491.12 to —345.17) 0.0071
7042.52) 6627.31)
British Columbia, high engager 7316.68 (7044.75 to 8055.38 (7783.15 to 738.70 (673.81 to 803.54) N/A
7588.61) 8327.61)
Newfoundland and Labrador, low 5769.62 (5480.24 to 5120.22 (4822.23 to -649.40 (-763.50 to —535.30) 0.0074
engager 6059.00) 5418.21)
Newfoundland and Labrador, high ~ 6369.92 (6072.63 to 6715.92 (6417.20 to 346.00 (239.26 to 452.74) N/A
engager 6667.21) 7014.64)

8 _east-square means adjusted for age, median personal income, gender, and province.
PCohen £220.02, 20.15, and >0.35 representing small, medium, and large effect sizes, respectively. For the engagement subgroup analysis only, Cohen

f2

was calculated for the pre-post difference in steps between the low and high engagement groups (high engagement as the referent group).

®The difference between baseline and week 12 were statistically significant at P<.001 for total sample and all subgroup analyses, except for Province

Newfoundland and Labrador (P<.001).
IN/A: not applicable.

Total Sample Analysis

The results from mixed-effects models revealed statistically
significant increasesin mean daily step countswhen comparing
baseline with each study week (P<.001). Changesin mean daily
step count from baseline to study week 12 expressed in
|east-square means are presented in Table 2. Overall, compared
with baseline, participants walked 115.70 more steps (95% Cl

74.59 t0 156.81; P<.001) at study week 12. The Cohen f2 value
was 0.0059 (P<.001), indicating the effect was modest.
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Adjusting for demographic variables (ie, age, gender, province,
and median personal income) had little effect on the estimated
difference between study week 12 and baseline.

Subgroup Analysis

The intervention effect was more pronounced in physicaly
inactive users than in physically active users. As with the total
sample analysis, the mean daily steps were significantly higher
for physically inactive usersat each study week than at baseline
(P<.001), with an observed increase of 874.19 steps per day at
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study week 12 (Table 2; 95% CI 827.98 to 920.40, P<.001).

Cohen f2 statistic indicated that the effect was small (0.0234,
P<.001). At study week 12, compared with baseline, a highly
significant decrease of 480.82 steps per day was observed among
physicaly active participants (Table 2; 95% CI —-545.17 to
-416.46, P<.001, Cohen f>=0.0073, P<.001). Participantsfrom
NL did not respond as well as participants from BC. At study
week 12, compared with baseline, ahighly significant increase
of 218.01 was observed in BC (Table 2; 95% CI 169.56 to

266.46, P<.001, Cohen ?=0.0061, P<.001), while a highly
significant decrease of 133.66 steps per day was observed in
NL (Table 2; 95% ClI -155.98 to -3.37, P<.001, Cochen

£2=0.0087, P<.001).

Moderation Analysis

Participant engagement showed a significant moderating effect
on theintervention outcome in al models (P<.001). Therefore,
we also conducted subgroup anaysis by participants
engagement levels. As shown in Table 2, all subgroups except
physicaly active low engagers showed significant increase in
step counts from baselineto study week 12. The difference from
baseline to study week 12 for high (15,511/32,229; 48.13%)
and low engagers (16,718/32,229; 51.87%) was +630.90 and
—489.75 steps per day, respectively (P<.001). As well, users
classified as high engagers in BC and NL walked 738.70 and
346.00 more steps per day, respectively (P<.001). Among users
classified as high engagers and physicaly inactive
(7,022/32,229; 21.08%), an average increase of 1224.66 steps
per day was observed (P<.001).

Discussion

Principal Findings

In this large quasi-experimental study examining the impact of
a multicomponent intervention on objectively measured daily
step count, a small but significant effect overall was observed
(5% average daily step count increase over 12 weeks vs
baseline) with amore pronounced effect (21% increase) among
physically inactive users (representing over half of the total
sample). Notably, this effect was evident irrespective of age,
gender, or median persona income. While the overal effect
was small (ie, 116 steps per day), these results underscore the
potential public health impact of using modest incentives (Can
$0.04 per day) to stimulate physical activity, particularly anong
higher risk, physically inactive populations. When considering
the clinical significance of this study’s results, it is likely that
health benefits (eg, better glucose control) [ 1] might be reserved
for 51% of the analytic sample that increased their daily step
counts by 874 steps per day (the physically inactive). Health
economic implications of initiatives|like thismay beimportant,
especialy considering that a mere 1% reduction in the number
of Canadians classified asphysically inactive would yield annual
health care savings of Can $2.1 billion [50]. The combination
of immediate rewards in the form of loyalty points tied to
smartphone-assessed physical activity outcomes may prove an
efficient way of delivering financia health incentiveswhile till
producing a measurable effect.

http://mhealth.jmir.org/2018/9/e178/
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Other reinforcement-based methods of increasing health
behaviors have included using deposit contracts (ie, participants
wager their own money) [51], chance-based designs (ie, 1in 3
chance of earning Can $3 vs just Can $1 per day) [52] and
loss-framing (ie, incentive given up front and then taken away
if goal unmet) [23]. While deposit contract, chance-based and
loss-framed designs may be effective, they may also limit
enrollment (in the case of deposits) and may be less palatable
to governments or insurers looking to deploy such programs
(eg, raising concerns about gambling or punishing citizens or
employees for not meeting health goals) [53]. This study
provides evidence that even very small incentives, as modest
as Can $0.04 per day, can be implemented as part of a
multicomponent intervention and on a population scale to
increase walking and other ambulatory behaviors effectively.

Attrition

Behavioral decay (ie, steps per day decline) was noted as time
passed, with weekly steps per day averages dropping below the
intervention mean in later weeks. While this was observed in
thetotal sample (driven by the 480.82 daily step count reduction
among physically active users), step counts persisted throughout
the 12-week evauation period in the physicaly inactive
subgroup. At study week 12, for example, physically inactive
participants were walking 874.19 more steps per day on average
(vs basdling). This is consistent with incentives for physical
activity literature that suggests that physically inactive adults
are more sensitive to incentive interventions and more likely to
sustain the behavior for longer periods [17]. Similarly, larger
intervention effect sizes are observed among insufficiently active
individuals in Web-based physical activity interventions [54].
Why daily step counts decreased among physically active
participants remains unclear. Seasond effects may partly explain
the drop (the evaluation period began in warmer spring and
summer seasons and ended in the colder fall). Smartphone (ie,
accelerometer) wear time may also explain the decrease.
Physically active users, being generally less sensitive to physical
activity incentives, may have carried their smartphoneslessand
less (and recorded fewer and fewer steps) as the intervention
progressed.

Provincial Differences

Regarding provincial differences, NL users did not respond as
well as BC users (—133.66 steps per day vs +218.01 steps per
day at study week 12, respectively). This could be due to a
number of factors. The most important factor may have to do
with the walking program’s availability to all NL participants
right away (upon downloading the app), while BC users who
werestill engaging with the app 3 months after it launched could
activate thewalking program (self-selection bias). Additionally,
these provinces are on opposite Canadian coasts, with distinct
climates and chronic disease risk profiles. Regarding climate,
inthefinal 3 weeks of the eval uation period (when the provincial
step count disparity was greatest, ending on October 17, 2016),
residents of St. John's, NL, experienced more “cold days’ (ie,
below our operational 13.0°C threshold) than their Vancouver,
BC, counterparts; 43% (10/23) versus 13% (3/23) of dayswere
“cold”; St. John's and Vancouver are the largest cities in NL
and BC, respectively). Regarding chronic disease risk, while
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BC has the lowest self-reported adult overweight and obesity
rate in Canada (48.0%), NL has the highest (67.5%). Notably,
while NL users in general experienced a 133.66 step per day
decrease (with low engagers experiencing an even greater 649.40
steps per day drop), a346.00 step per day increase was observed
at study week 12 (vs baseline) among high engagers (3846/9209,
37.85% of the provincial sample). App engagement therefore
appears to have boosted intervention effectiveness, regardless
of province, suggesting potential effect replication in other
jurisdictions. This aligns with broader evidence that greater
engagement with aphysical activity app or websiteisassociated
with increased intervention efficacy [55]. Devel oping innovative
strategiesto increase and maintain engagement isapriority (eg,
machine learning informed push notifications when “ Step Up
Challenge” was not accepted within 3 days, rewards for just
accepting challenges, small team-based challenges).

Limitations

Theresults of this population-level study should be interpreted
with caution because there are a number of limitations to
consider. First, neither the randomization of participants into
intervention and control groupswas|ogistically feasible within
this quasi-experimental design nor was the identification of a
nonequivalent control group (ie, agroup not randomly assigned
to receive or not receive the intervention) [56]. For this reason,
internal validity (ie, the extent to which causality can be
established) may be limited. To improve internal validity as
much as possiblein thisreal-world setting, we sought to define
atime period that reflected the counter-factual (ie, outcome if
the intervention had not been implemented) [56]. To do this, a
preintervention time period clearly differentiated from the
intervention was introduced. An immediate increase in daily
step count compared with baseline was expected, and this is
what was observed. Thisincrease, however, may have occurred
because participants simply started carrying their smartphones
more (the most likely alternative explanation or rival hypothesis)
to get credit for the stepsthey weretaking. Disentangling “wear
time” from increased actual daily step count is difficult,
however, a limitation cited in more carefully controlled RCTs
[24]. Additionally, more smartphone accelerometer validation
studies are likely required in free-living conditions and with
different demographic groupsto increase confidencein results.
Analysis-phase strategies were employed to improve internal
validity as waell, including (a) testing the sensitivity of
assumptions made with 3 different analytic samples to handle
missing data and (b) fitting an adjusted mixed-effects model to
account for measurements nesting within individuals and
controlling for key demographics. Aswell, anincreasein steps
in high, but not low, engagers provides further support for the
main conclusion that this multicomponent intervention, when
utilized above a threshold level, appears to have yielded daily
step count improvements. That behavioral decay was noted in
weeks 9-12 for the total sample, but not for the physicaly
inactive subgroup (the group more likely to respond to an
incentive-based intervention with realistic and personalized
goals) also suggests that the intervention achieved its intended
effect of stimulating physical activity among the least active.
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Whiletraditional RCTsstrongly prioritizeinternal validity, this
quasi-experimental design seeks to achieve greater balance
between internal and external validity in real-world conditions
tofacilitate real-world implementation. A second limitation was
that participants were followed for only 12 weeks, so
longitudinal work is required to elucidate longer term effects.
Third, this analysis addressed only the earliest Carrot Rewards
app adopters and includes just Canadian provinces, so results
may not be generalizable to newer users or other countries.
Next, only 44.39% (35,014/78,882) of eligible userswho could
enable the walking program and earn additional incentives did
so during the 4-week recruitment period. How those who
activated the program during the recruitment period compare
with those who did not remains unknown. While on apopulation
scale this recruitment rate is impressive, there is room to
improve. The less than ideal recruitment rate may be because
health app usersin genera discontinue use within days or weeks
of first download [47] or atoo-short recruitment period. Lastly,
at what intensity any extra walking may have occurred is
unknown. The association between physical activity and key
health outcomes (eg, cardiovascular disease risk factor
reduction) is stronger with higher intensity physical activities
[6].

Future Research

To increase internal validity in this quasi-experimental
environment, future studies might incorporate interrupted time
series, stepped-wedge, intervention removal, or designs with a
nonequivalent control group [56]. Future work might also
compare different ways of setting and graduating daily step
goas (eg, static vs adaptive goa setting) and include
longitudinal analyses examining longer term (at least 6 months)
impacts, as well as associated cost-effectiveness studies. For
example, an adaptive goal setting feature was introduced in the
app in February 2017 (after the study period), when step goals
began to be recaculated every 2-4 weeks to encourage
engagement (as opposed to the “set it and forget it” approach
initially adopted). Examining alternative methods to promote
sustained physical activity should continue to be a priority for
researchers and others in this field (eg, moving from small,
regularly scheduled incentives, to large, moreirregular, and less
predictable ones). To increase the chances of behavior
mai ntenance, exploring opportunitiesfor enhanced engagement
that also promote social interaction and support could be a
particular focus of future work (eg, encouraging social
networking).

Conclusions

Until recently, financial health incentive programs have shown
promise, but little potential for scalability given rewards’ cost.
This study adds to the understanding of how incentives can be
delivered in ways that are not prohibitively costly. Providing
immediate rewardsfor personalized daily step goal achievement
as part of a multicomponent intervention appears to have
increased daily step countson apopulation scale, especially for
higher risk, physically inactive individuals. Positive effectsin
both BC and NL provide evidence of replicability.
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Abstract

Background: Multiple strategies can be used when self-monitoring diet, physical activity, and perceived stress, but no gold
standards are available. Although self-monitoring is a core element of self-management and behavior change, the success of
mHealth behavioral tools depends on their validity and reliability, which lack evidence. African American and Latina mothers
inthe United States are high-priority populationsfor appsthat can be used for self-monitoring of diet, physical activity, and stress
because the body mass index (BMI) of mothers typically increases for several years after childbirth and the risks of obesity and
its' sequel ae diseases are elevated among minority populations.

Objective: To examine the intermethod reliability and concurrent validity of smartphone-based self-monitoring via ecological
momentary assessments (EMAS) and use of daily diariesfor diet, stress, and physical activity compared with brief recall measures,
anthropometric biomeasures, and bloodspot biomarkers.

Methods: A purposive sample (n=42) of primarily African American (16/42, 39%) and Latina (18/42, 44%) mothers was
assigned Android smartphones for using Ohmage apps to self-monitor diet, perceived stress, and physical activity over 6 months.
Participants were assessed at 3- and 6-month follow-ups. Recall measures included brief food frequency screeners, physical
activity assessments adapted from the National Health and Nutrition Examination Survey, and the nine-item psychological stress
measure. Anthropometric biomeasures included BMI, body fat, waist circumference, and blood pressure. Bloodspot assays for
Epstein-Barr virus and C-reactive protein were used as systemic load and stress biomarkers. EMAs and daily diary questions
assessed perceived quality and quantity of meals, perceived stress levels, and moderate, vigorous, and light physical activity.
Units of analysis were follow-up assessments (n=29 to n=45 depending on the domain) of the participants (n=29 with sufficient
data for analyses). Correlations, R? statistics, and multivariate linear regressions were used to assess the strength of associations
between variables.

Results:  Almost all participants (39/42, 93%) completed the study. Intermethod reliability between smartphone-based EMAS
and diary reportsand their corresponding recall reportswas highest for stressand diet; correlationsranged from .27 to .52 (P<.05).
However, it was unexpectedly low for physical activity; no significant associations were observed. Concurrent validity was
demonstrated for diet EMAsand diary reportson systolic blood pressure (r=—.32), C-reactive protein level (r=—.34), and moderate
and vigorous physical activity recalls (r=.3510.48), suggesting a covariation between healthy diet and physical activity behaviors.
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EMASs and diary reports on stress were not associated with Epstein—Barr virus and C-reactive protein level. Diary reports on
moderate and vigorous physical activity were negatively associated with BMI and body fat (r=—.35 to —.44, P<.05).

Conclusions: Brief smartphone-based EMA use may be valid and reliable for long-term self-monitoring of diet, stress, and
physical activity. Lack of intermethod reliability for physical activity measuresis consistent with prior research, warranting more
research on the efficacy of smartphone-based self-monitoring of self-management and behavior change support.

(JMIR Mhealth Uhealth 2018;6(9):€176) doi:10.2196/mhealth.9378

KEYWORDS

self-monitoring; mHealth; diet; physical activity; stress, multi-method; mobile phones; C-reactive protein

Introduction

Background

Smartphones are increasingly used and integrated into daily
routines, creating opportunities for continuous, real-time data
streams of health behaviors and states [1,2]. Such data streams
include self-reports, such as ecological momentary assessments
(EMAS) and daily diaries [3]. The reliability and validity of
smartphone appsfor self-monitoring health behaviorsisnot yet
fully understood but is critical for generating an evidence on
the growing field of mobile health or “mHealth” [1] and for its
broad adoption by consumers[4].

Diet, stress, and physical activity are the key lifestyle factors
associated with a broad range of physical and mental health
issues, such as obesity, diabetes, cardiovascular disease,
depression, and anxiety [5]; for example, cardiovascular disease
is a significant health problem that is still largely ignored by
women, especially young women [6], although it accounts for
a higher mortality rate than all forms of cancer in women [7].
Mothersareincludedin ahigh-priority target population because
their body mass index (BMI) typically increases by 5 kg for
several years after giving birth [8].

Smartphones arewell suited for real-time self-monitoring using
daily diaries and more frequent EMASs of diet, perceived stress,
and physical activity because these behaviors and states can be
difficult to recall precisely over longer periods of time and can
vary significantly within and across days[3]. Smartphone-based
EMA and diaries of target behaviors may be more specific and
feasible than biomarkers and biomeasures (eg, BMI and blood
pressure), which typically reflect the accumulated impact of
several factors on physiological systems over time. Active
self-monitoring (ie, viaself-report) isalso an important behavior
change technique [9,10], particularly for the self-management
of diet and physical activity [11]. Self-monitoring is nearly a
universal behavior change element in smartphone apps for diet
and physical activity self-management [12-14].

Smartphones lighten the burden of one aspect of EMAS by
allowing data entry on areadily available device that is close
at hand; cumbersome paper diaries or personal digital assistants
of yesteryears are no longer needed. The intensity of EMA that
requires daily reporting at various time-points throughout the
day remains. Not surprisingly, decreasesin adherence to mobile
phone-reported EMAS over time have been noted for disparate
outcomes, including nutrition, mood, and use of substance
measures[15,16]. Therefore, it isimportant to determinewhich
measures that need to be captured via EM As and those that can

http://mhealth.jmir.org/2018/9/e176/

be captured less frequently. Such an assessment has been a
challenge dueto limited vaidity and reliability studiesin mobile
phone-reported diet, stress, and physical activity measures,
which is the focus of this study because there are no accepted
gold standards for in situ assessments of these behaviors that
can be readily used for objective comparison [17-19]. Studies
have demonstrated discrepancies between retrospective
self-reports and EMAs as well astheir benefits and limitations
[20-22]. Some studies have compared self-reported health
behaviors to more objective measures, such as self-reported
physical activity and that obtained using a pedometer [23-26].
In this study, we observed an intermethod reliability between
smartphone EMAs and diary reports and their corresponding
recall reports in addition to EMASs and recall between health
measures, such as diet and exercise, that we anticipate to be
correlated to each other. Such studies on ethnic minorities and
women arealso limited [11,27]. Toward thisgoal, we examined
data from afeasibility study that pilot-tested a health-behavior
self-monitoring mobile app in a sample that mostly included
ethnic minority mothers; a prior study has examined the
predictors of self-monitoring adherence (BLINDED) [28]. This
paper examined the validity and reliability of brief use of
smartphone-based EMAs and daily diaries for diet, stress, and
physical activity compared with those of the brief recall
self-reports, simple anthropometric biomeasures (eg, weight
and BMI), and laboratory biomarkers (ie, C-reactive protein
and Epstein—Barr Virus) collected at 3-month intervals over 6
months. We eval uated the intermethod reliability and concurrent
validity of the app, which are high priorities for mobile health,
“mHealth,” evidence development [1]. Different fields employ
divergent conceptudizationsof validity and reliability. However,
in this study, intermethod reliability is broadly conceptualized
as concurrency between different methods assessing the same
domain, whereas concurrent validity is conceptualized as
concurrency between the assessments of different but linked
domains (ie, diet, stress, and physical activity), and it uses
multiple assessment methods that provide information on the
concurrent validity of methods.

Hypotheses

This study assessed several sets of interrelated hypotheses to
evaluate the reliability and validity of the brief use of EMAS
and diary questions designed for smartphone apps. First, we
hypothesized that the brief use of smartphone-based EMAsand
daily diary questionswould demonstrate intermethod reliability
through associationswith their corresponding recall self-reports.
Second, we hypothesized that the EMAS and daily diary
measures would demonstrate concurrent validity through
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associations with anthropometric biomeasures, bloodspot
biomarkers (for stress), and recall and EMAs and diary reports
on other domains. Third, given that EMAS are designed to be
independent and captured close to or in the moment, we
hypothesized that EMAs would be more reliable than daily
diaries for diet and perceived stress, which may be difficult to
recall due to a high variability throughout the day. A study
indicating that daily diary reports are comparable with EMA
would suggest that aless burdensome diary method as preferable
for future applications. However, we hypothesized that the daily
diaries for physical activity would be sufficient to achieve
minimal recall biases. Thus, EMAs for physical activity were
not assessed to minimize burden.

Methods

Participatory Sensing

Development and study procedures were based on a
participatory sensing approach used in mobile phone sensing
projects developed by computer scientists [29]. User-centered
design principles prioritize participant autonomy and choice
over which features of the app to use (eg, responding to surveys)
and recognize varying ability and motivation to adopt and
sustain the activities. Similar to pragmatic designs in
implementation research [30], participatory sensing’s emphasis
on naturalistic use prioritizes the external validity or
generalizability of the sensing tool used across diverse user
preferences, participation options, and motivations for
participation. In this study, user preferences were collected
through focus groups (BLINDED) and iterative trials with
participants. The participatory sensing approach was used as a
basis for designing the questions for EMA and diary questions
which are brief, engaging, and meaningful for self-monitoring
using the app for self-management rather than being granular
and precise as a gold standard that is more typical in basic
behavioral EMA studies.

Ethics Statement

The ingtitutional review board of the University of California
Los Angeles reviewed and approved the study. All participants
signed informed consent. The study was conducted in
accordance with the Declaration of Helsinki.

Recruitment and Participants

Mothers residing in an urban area who had at |east one child
living in the household were recruited to participate in the study
from January 2012 to September 2012. Recruitment flyers
framed the study as seeking support to develop and pilot-test a
smartphone app that can help in the self-monitoring and
self-management of diet, stress, and physical activity.
Recruitment included weekly visits to local farmer markets;
classes and groups at a community center; outreach at local
grocery stores, churches, and targeted community organizations,
and posting on loca online groups regarding parenting and
children. Women with a child below 18 years who is living at
home, those who were not pregnant or breastfeeding, and those
withaBMI <18.5 (ie, dangerously underweight) wereincluded
in the study. The recruitment plan aimed to include a sample
of mothers with diverse BMIs (about one-third were normal in
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terms of weight, overweight, or obese) and those who were
primarily African American and Latina. However, other race
or ethnic groups were not excluded.

M easures

Smartphone Ecological Momentary Assessment and
Daily Diary

Participants were assigned Samsung Vibrant smartphones and
were instructed to complete the smartphone EMASs and daily
diary surveys by responding to time-based (ie, alarm) prompts
and event-based reports (ie, self-initiated). The participants
selected the start and end times for three 3-hour windows for
time-based EMA prompts (morning, midday, and | ate afternoon)
and one end-of-day daily diary survey. The first three surveys
asked about diet “since the last survey” and stressful events
“over the last 2 hours.” The end-of-day “daily diary” survey
asked about diet, stress, and physical activity for the entire day.
The following variables were used in the analyses:

Diet Ecological Momentary Assessment

Three times a day, the participants were asked the following
guestion: “Rate the nutritional quality of this meal?’ The
responses were as follows: (1) low; (2) medium; and (3) high.
Diet Diary

At the end of the day, the participants were asked the following
question: “How healthy would you rate your eating today, in

terms of both quality and quantity, on ascale of 1to 5 (with 5
being very healthy)?’

Stress Ecological Momentary Assessment

Three times a day, the participants were asked the following
guestion: “Have you felt stressed in the last two hours?’” The
responses were as follows: (1) not at al, (2) dightly, (3)
moderately, and (4) very.

Stress Diary:

At the end of the day, the participants were asked the following
question: “How stressful was your day overall on ascale of 1-5
(with 5 being very stressful)?’

Physical Activity Diary

At the end of the day only, three questions were asked: “How
many minutes of activity did you do today.” The responseswere
as follows: for three intensities of physical activity, light (ie,
“noincreasein breathing or heart rate, eg, stretching”), moderate
(ie, “small increase in breathing or hearth rate, eg, fast
walking”), and vigorous (“significant increase in breathing or
heart rate, eg, running”). To compare the recall reportsfor each
activity type, the variables were calculated as number of days
(over 30 days), minutes per day on average, and total minutes
(minutes x days).

Baseline and Follow-up Recall Self-Reports

Measures were brief and reflective of the scope and scale of
measures that are likely to be used in clinical practice or
large-scale survey research. Recall periods were retained from
the original measures, which were designed to minimize recall
biases and capture general habits rather than detailed,
gold-standard assessments.
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Demogr aphics Char acteristics of the Participants

The background factors assessed included age, race or ethnicity,
highest level of education, work hours per week (paid, volunteer,
or student), and number of children living in the home.

Dietary Behaviors

Food frequency questionnaires from the California Health
Interview Survey (CHIS) were used to assess diet; CHIS 2009
Adult questionnaire ver 3.4 (Public) March 1, 2011, Section C,
p 32. These brief screening measures have a validity sufficient
to discriminate higher or lower intakes among individuals,
particularly for examining the relationships between diet and
other variables, and they were used by the Applied Research
Program in the Division of Cancer Control and Population
Sciences at the National Cancer Institutefor diet screening. Ten
guestions assessed the number of timesa participant ate or drank
various foods over the past 30 days, including prompts to
estimate times per day, week, or month. Food types were
categorized into three variables in the analyses: intake of fruits
and vegetables (three questions on fruits, green vegetables or
salad or beans, and nonfried potatoes), intake of food with
high-sugar content (four questions on sugar-rich drinks or soda,
sweetened fruit drinks, cookies, cake, and ice cream), and intake
of fast food (one question over the past 7 days).

Perceived Stress

The brief, nine-item psychologica stress measure (PSM-9),
which is designed to assess for stress in primary care settings,
was used [31]. The PSM-9 was developed from an origina
49-item version and then two 25-item versions, which showed
ahighinternal consistency (Cronbach al pha coefficients of 0.92
and 0.93) and test-retest reliability (0.68-0.80). Convergent,
divergent, concomitant, and predictive validity were established
by comparing the measures of various constructs, such as
depression and anxiety [31]. PSM-9 questionswere established
according to both related and redundant contents from the longer
item versions, covering domains, such asfeeling calm, stressed,
rushed, worried, confused, and energetic, physical symptoms,
and difficulty controlling reactions or emotions.

Physical Activity

Physical activity was assessed using the questions from the
CHIS 2009 survey that ask about the number of times per week
(withinthelast 7 days) and average minutes per day for walking
(for transport and recreation or physical activity), moderate
activity (ie, breathe somewhat harder than normal), and vigorous
activity (eg, aerobic sports, breathe significantly harder than
normal). These questions are similar to those used in the
National Health and Nutrition Examination Survey and other
studies[17]. Thetwo walking domainswere combined, and the
following variableswere used for the analyses: walking (minutes
per day, number of days, and total minutes), moderate physical
activity (minutes per day, number of days, and total minutes),
vigorous physical activity (minutes per day, number of days,
and total minutes).

Biomeasures and Biomarkers

The biomeasures and biomarkers used in this study were sel ected
for meeting the criteria on feasibility, acceptability, minimal
invasiveness, and the comprehensive indicators of diet, stress,
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and physical activity. Simple anthropometric measures (height
and weight to determine BMI, body fat measurements, and wai st
circumference) were used asindicators of physical activity [17].
Blood pressure was used as an indicator of overall health, which
includes factors correlated to diet, physical activity, and stress
and stressors [32,33]. Bloodspot C-reactive protein and
Epstein—Barr virus antibodies were used as proxy measures of
stress that respectively identified inflammation and
cardiovascular risk and all ostatic load correlated to avariety of
stressors and stress-related impairment of innate immune
capacity; this result is similar to that of prior research on
maternal stress [34]. Although low-grade inflammation and
weakened innate immunity have been linked to lifestyle and
psychosocial factors, such as overnutrition, depression, and
obesity [35-38], intheliterature, stressisidentified asacommon
cause of inflammation and alterations in innate immunity
[39-41]. C-reactive protein and Epstein—Barr virus antibodies
have been positively associated with stress, and they are often
used as biomarkers of stressin research, aswell asin this study
[42-44]. Body fat was measured with the Tanita body
composition analyzer (Model Thf-300a) that uses bioelectrical
impedance analysis, a commonly used method for estimating
body composition [45,46]. Because fluctuations in hydration
may affect body composition results, the participants were asked
to avoid diureticsfor 7 days, alcohol for 48 hours prior, intense
physical activity for 12 hours prior, eating or drinking for 4
hours prior, emptying of bladder 30 minutes prior to assessment,
and rescheduling if they becameill.

Body Mass | ndex

Height was measured in meters using a portable stadiometer,
and the Tanita body composition analyzer scale was aso used
to measure weight in kilograms. Company and model
information for the stadiometer isunknown. BMI was calculated
asweight in kilograms divided by height in meters squared.

Waist Circumference

Wai st measurements were taken using standardized procedures
recommended in the Anthropometric Standardized Reference
Manual [47]. The measuring tape was placed around the waist
area(midway between therib cage and hip bone). It wasensured
that the tape was snug without compressing the skin and was
parallel to the floor. Measurements were taken after the
participant had exhaled, and the average of the three separate
measurements was obtained.

Blood Pressure

Systolic and diastolic blood pressure were measured at the
midpoint of the upper arm using an Omron automatic blood
pressure monitor (HEM-705CP). The participants were asked
to be seated with their back supported and legs uncrossed and
were instructed to support their arm on a table so that the
midpoint of their upper arm was at the level of the heart. Three
readings were obtained. The first reading was discarded, and
the average was taken using the final two readings [48].

Bloodspot Tests

A single finger stick from a microlancet (Becton-Dickson
Microtainer contact-activated lancet, high blood flow 366594)
was used to collect 5 drops of blood and place them onto the
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preprinted filter paper card (250 pL), which is commonly used
for neonatal screening and does not requireimmediate freezing
[49]. Samples were labeled, dried for 4 hours, and stored in a
plastic container in a locked refrigerator. Bloodspot samples
were shipped each week to the laboratory and stored at —28°C
until analysis for C-reactive protein and Epstein—Barr virus.

C-Reactive Protein

We used a validated biotin-streptavidin immunofluorometric
assay for bloodspot C-reactive protein level, as reported
elsewhere [50]. Based on the methods outlined herein [50], we
developed an agorithm for serum equivalent values. serum
(C-reactive protein value)=1.7* (bloodspot C-reactive protein
value). The values indicate the extent of chronic low-grade
systemic inflammation associated with cardiovascular and
metabolic risk [51]. The C-reactive protein values were
classified aslow (<1 mg/L), medium (1-3 mg/L), and high risk
(>3 mg/L; [52,53]). Vadues >10 mg/L indicate acute
inflammation, and they were not used in the statistical analyses.

Epstein—Barr Virus Antibodies

Epstein-Barr virus antibody titersreflect the degree of immune
responseimpairment. The enzyme-linked immunosorbent assay
(ELISA) assay used for Epstein—Barr virus antibodies in blood
spotsisamodification of acommercially available kit (Number
PO01606A ; DiaSorin Corporation, Stillwater, MN); method and
validity have been reported elsewhere [49,54]. Antibody titers
were presented as ELISA units. Values <20 indicate
undetectable antibody levels [54], and they were not used in
the statistical analyses. In the absence of standard health-risk
categoriesfor Epstein—Barr virus, we compared the mean levels
of our sampleto those from other samples obtained mostly from
ethnic minority women in Illinois (n=183; mean Epstein—Barr
virus level=136.8; [34])

Design

The participants (N=56) were randomly categorized into two
groups. The experimental group (n=44) was asked to
self-monitor their condition using Android smartphones with
the self-monitoring app. The control group (n=12) was not
provided with smartphones. The primary aim of the study was
to assess the validity and reliability of using smartphones in
measuring diet, stress, and physical activity. The control group
was designed for secondary, preliminary efficacy aims not
reported in this paper, and it did not show statistically
significance in the preliminary analyses. Retrospective
assessmentsand biomarker collection were conducted at baseline
aswell as 3 and 6 months after enrollment to estimate the time
between clinical visits for moderately acute ill patients. The
participants assigned to the smartphone group were instructed
to use the app over the 6-month study period. Two of the 44
participants in the self-monitoring group got pregnant within 2
months after enrollment, dropped out of the study, and were
excluded from the sample. The units of analysis were 3-month
follow-up during the 6-month study period for 42 participants
(n=84 possible units, two periods for each participant).

Procedure

Ohmage: Smartphone App. Ohmageisamobiletoweb platform
that supportsthe collection, storage, analysis, and visualization
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of self-report and passive sensor data streams. Ohmage has been
released as an open source, and it can be downloaded for free
online. The platform is feature-rich and extensible, and
facilitates the collection of multidimensional, heterogeneous,
and complex personal data streams. Ohmage adds a time and
location stamp to each data point. Web interfaces are available
for researchers to access and view data. The Ohmage user
interface was designed based on expert feedback from
behavioral science collaborators and nonexpert pilot users
through focus group (BLINDED) and one-on-one interviews
during a pilot phase. Notably, most of the discussions with the
participants focused on reducing the user burden when
self-reporting data.

I ncentives

At the end of the study, upon returning the assigned study
equipment and completion of the final assessment, the
participants recelved reimbursement for parking and
transportation and cash or a gift certificate up to US $355 for
completing the following: US $40 each for baseline, 3-month,
and 6-month follow-up assessments with biomarkers and
biomeasuresand US $1.30/day for completing at least one EMA
or diary survey per day for 6 months (approximately 180 days).

Analyses

Prior to analysis, EMA and diary measureswere averaged during
a 30-day period that ended on and included the date of recall
assessment and biomarker measurement. Thirty-day periods
were chosen to broadly capture the time frame imposed by the
recall measures. Analyses exclude 30-day periodswith lessthan
14 days of EMASs or diary reports (ie, less than 50% reporting)
for each specific comparison with arecall or biomarker measure.

The primary analytic goal was to examine the relationship
between pairs of measurements, where the first measurement
isan EMA or diary measure, aggregated over 30-day periods,
and the second measurement was a recall or biomarker or
biomeasure. To fully explore meaningful relationships between
measurement pairs, several metrics of association that address
both clinical significance (eg, correlations) and statistical
significance (ie, P values) were presented.

Pearson product-moment correlations were calculated using
measurement pairs as a basic measure of association. To
caculate P values for the datistical significance of the
correlation between measurement pairs, random effects linear
regression models were utilized for correlations between
measurements in the sameindividual, and they were expressed
asfollows:

Yij = Bot XiByt+ At g
Where Y; is an EMA measurement for participant i at time
point j, Byisanintercept term, and B, isaregression coefficient
for Xj;, either arecall or biomarker measurement and represents

the association within measurement pairs, which is similar to
the correlation. Participant-level random effect A; identifies the

correlation between repeated measurements in the same
individual, and g;; are the residual error terms. P vaues were

presented for the significance of 3;.
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Table 1. Linear relationships between the pairs of ecological momentary assessments or daily diary responses.

Ecological momentary assessments and diary response predictor n ra P value® RZEdC’d RZTotale

Diet ecological momentary assessments (3 times per day)

Recall: Intake of fruits and vegetables 36 0.34f 0.006 0.23 0.05
Recall: Intake of food with high-sugar content 34 -0.52f 0.004 0.27 0.24
Recall: Intake of fast food 33 -0.429 .02 0.17 0.18
Recall: Moderate physical activity (min/day) 35 0.48¢ .03 0.17 0.19
Biomarker variable: Body fat 38 -0.33 .07 0.13 0.07
Biomarker variable: Systolic blood pressure 38 -0.329 .02 0.14 0.08
Biomarker variable: Diastolic blood pressure 38 -0.26 .10 0.08 0.05
Biomarker variable: C-reactive protein level 35 -0.349 .02 0.16 0.11
Diet diary
Recall: Intake of fruits and vegetables 30 0.27 .09 0.10 0.07
Recall: Intake of food with high-sugar content 29 -0.40¢ .04 0.16 0.14
Recall: Moderate physical activity (min/day) 31 0.45 .09 0.11 0.14
Recall: Vigorous physical activity (min/day) 31 0.47¢ .02 0.34 0.17
Recall: Vigorous physical activity (total min) 30 0.35' .01 0.45 0.11

Stress ecological momentary assessments (3 times per day)

Recall: PSM-9" (stress inventory) 45 0.30¢ .01 0.27 0.08

Recall: Walking (min/day) 42 0.27¢ .05 0.18 0.06
Stressdiary

Recall: PSM-9 (stress inventory) 31 0.509 .02 0.28 0.24

Recall: Walking (min/day) 30 0.38¢ .05 0.14 0.18

Recall: Walking (total min) 30 0.36 .06 0.14 0.15

Biomarker variable: C-reactive protein level 29 -0.28 .09 0.12 0.04

Light physical activity diary (days)

Recall: Walking (days) 31 0.16 26 0.05 -0.01
Recall: Moderate physical activity (days) 31 0.43° .04 0.15 0.16
M oderate physical activity diary (days)
Recall: Moderate physical activity (days) 31 0.33 .07 0.11 0.08
Biomarker variable: Body mass index 32 -0.40¢ .02 0.16 0.13
Biomarker variable: Body fat 32 -0.35 .06 0.18 0.09
Biomarker variable: Systolic blood pressure 32 -0.24 .20 0.06 0.03
B: Diastolic blood pressure 32 -0.34 .07 0.13 0.09

Vigorous physical activity diary (days)

Recall: Vigorous physical activity (days) 30 0.34 .07 0.11 0.09
Biomarker variable: Body mass index 32 -0.449 .02 0.26 0.16
Biomarker variable: Body fat 32 0.449 .02 0.25 0.16
Biomarker variable: Systolic blood pressure 32 -0.25 22 0.05 0.03
Biomarker variable: Diastolic blood pressure 32 -0.35 .07 0.12 0.09

Vigorous physical activity diary (min/day)
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Ecological momentary assessments and diary response predictor n ra P value® RZEdC’d R2Totale
Recall: Vigorous physical activity (min/day) 31 0.27 .30 0.04 0.03
Biomarker variable: Body mass index 32 -0.38 .06 0.17 0.10
Biomarker variable: Body fat 32 -0.37 .07 0.15 0.09

Vigorous physical activity diary (total min)
Recall: Vigorous physical activity (total min) 30 0.35 A1 0.10 0.09
Biomarker variable: Body mass index 32 -0.37 .07 0.15 0.09
Biomarker variable: Body fat 32 -0.35 .09 0.13 0.07

8: Pearson product-moment correlations.

bp values for regression coefficients.

°R? statistics based on random effects linear regression models.
9Based on the calculation of Edwards et al (2008).

®Based on the ratio of unexplained-to-total variance.

'P value<.01.

9P value<.05.

PPSM-9: nine-item psychological stress measure.

Lastly, R? statistics that describe the amount of variation
explained by the model were presented. There is no standard
R? calculation for the random effects models. Two reasonable
formulationswere presented. Edwards et al [55] have calculated

R? for regression coefficients as fol lows:

Rgg = (@-LV7F(B* Z*)/[1 + (a-DV'F(B*,2%)]
Where g-1 is the number of regression coefficients minus the
intercept term, v is the residual degrees of freedom based on
the Kenward-Rogers approximation, and F(3*,Z*) is the F
statistic that is used to test the null hypothesis stating that g-1
regression coefficients are equal to 0. Modelswerefit using the
PROC MIXED procedure in SAS software version 9.3 (SAS

Institute Inc, Cary, NC). The second R? statistics was based on
the total variation explained and was expressed as follows:

Re7ota = (Valiy — Vargy) / Variy
Where Var;, is the total variation from a model that contains
an intercept term, random effects, and aresidual error term and
Vary, isthetota variation from thefull model with theintercept
term and all covariates.

Multivariate Analyses

As a secondary analytic goal, multiple-predictor linear
regression models that regress EMAs and diary measurements
on recall and biomarker measurements were established to
examine the significant associations, and they further provided
insights about the reliability and validity of the EMAsand diary
measures. The models were summarized as follows: recall and
biomarker - EMA. The candidate predictors for the
multiple-predictor regression models include all the variables
shown in Table 1, and they were selected based on the four
statistics that were presented for the primary analyses: Pearson

correlation coefficients, P values, B1, and two R? statistics. We
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aimed to strike a balance between parsimony and prediction in
our model. Therefore, P values <.10 were roughly considered
for the entry of predictorsinto the multiple-predictor models as
well asthe direct corresponding recall measure regardless of P
value. Moreover, we wanted to achieve reasonable levels of

explained variation based on the R? statistics and strengths of
associations based on the Pearson correlation coefficient. Once
the multiple-predictor models were built, a backward stepwise
selection procedure was used to select predictors for the final
models. Predictors were retained at a .05 aphalevel.

Results

Demographic Characteristics of the Participants

Table 2 and Table 3 present the demographic characteristics of
the participants (n=42) assigned with smartphones and those
(n=29) with sufficient data for the analysis based on the
participation rates (described below). No significant differences
were found in terms of the characteristics of the participants
who were included (n=29) and excluded (n=13) from the
analyses owing to missing data. Most participants self-identified
as ethnic minority (85%, 35/41), of which 39% (16/41) identified
as African American, 44% (18/41) as Latina, and 2% (1/41) as
Other. The age of the participants ranged from 20 to 43 years
with an average age of 31.2 years. Approximately one-third of
the participants were working full-time or part-time (between
4 and 20 hours aweek) or not working. A little over half of the
participants were obese or very obese (57%, 24/42) in line with
an average body fat percentage of 40%. On average, the
participants had blood pressure readings within the normal range
(mean systolic blood pressure=122.3 and diastolic blood
pressure=79.8). Average C-reactive protein levels of 3.2 mg/L
indicated intermediate risk for cardiovascular disease. Average
Epstein—Barr viruslevelsof 140.3 ELISA unitswere comparable
to Epstein—Barr virus levels discussed earlier [34].
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Table2. Demographic and baseline biomarker characteristics of motherswho wereincluded and those excluded from the anal yses due to low ecol ogical

momentary assessments completion rates.

Characteristics Analysis data (n=29), n (%)

Excluded mothers (n=13), n (%) Total sample (n=42), n (%)

Ethnicity?
African American 11 (39)
Asian 2(7)
Latina 13 (46)
White 2(7)
Others 0(0)
Education?
High school or lower 10(35)
College 10(35)
College degree or higher 9(3D
Number of children
1 12 (41)
2-4 17 (59)
Body massindex category
Normal weight 5(17)
Overweight 8(28)
Obese 6 (21)
Extremely obese 10(35)

5(39) 16 (39)
0(0) 2(5)

5 (39) 18 (44)
2 (15) 4(10)
1(8) 1(2)
3(25) 13(32)
2(17) 12 (27)
9 (58) 16 (39)
7 (54) 19 (45)
6 (46) 23 (55)
2 (15) 7(17)
3 () 11 (26)
4(31) 10 (24)
4(31) 14 (33)

=41, number of participants excluded due to missing responses.

Table 3. Demographic and baseline biomarker characteristics of motherswho wereincluded and those excluded from the anal yses due to low ecological

momentary assessments completion rates.

Characteristics

Analysisdata(n=29), mean (SD) Excluded mothers (n=13), mean (SD)

Total sample (n=42), mean (SD)

Age 30.9(6.3)
Work hours 22.0(17.8)
Body fat (%) 39.1(7.6)
Systolic blood pressure (mm Hg) 123.3(15.7)
Diastolic blood pressure (mm Hg) 81.3(9.5)
C-reactive protein level (mg/L)? 3.2(2.4)
Epstein-Barr virus (enzyme-linked im-  135.0 (56.8)

munosorbent assay units)b

32.0(6.0) 31.2(6.2)
19,5 (20.3) 21.2 (18.4)
409 (6.8) 39.6(7.4)
120.1 (11.0) 122.3 (14.4)
76.4 (10.0) 79.8(9.8)
3.0(26) 32(24)
151.8 (67.8) 140.3 (60.2)

8=37, number of participants excluded due to five C-reactice protein values >10.
Pn=41, number of participants excluded due to one Epstein-Barr virus value <20.

Participation Rates

Almost al the 42 participants, who used a smartphone,
completed the 6-month study (93%; n=39). The analyses
excluded 13 participants, including two who were lost to
follow-up before the 3-month follow-up, one who moved out
of the state before the 6-month follow-up, and 10 participants
who had reporting rates <50%.

http://mhealth.jmir.org/2018/9/e176/
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In total, 15,103 time-prompted EMA and diary surveys were
completed by 29 participantsincluded in analyses. Theresponses
were distributed uniformly across the four surveys with 4043
(26.8%) morning EMAS, 3855 (25.5%) midday EMAS, 3643
(24.1%) late afternoon EMAS, and 3562 (23.6%) end-of-day
diary surveys. Table 4 shows EMA and diary survey
participation rates in terms of the mean days of reporting. The
participants completed at | east two surveysaday for 151.8 days
(84%) on average, and the goal was 180 days.
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Table 4. Ecological momentary assessments and diary reports of the participants, including participants with delayed 6-month foll ow-up assessments

who continued the ecological momentary assessments and diary.

Characteristics

Mean (range)

Number of daysit took to complete at least 1 survey
Number of daysit took to complete at least 2 surveys
Number of daysit took to complete at least 4 surveys

184.2 (126-242)
149.3 (18-230)
47.8 (10-169)

Table5. Participation rates for ecologica momentary assessments and diary surveys, recall self-reports, and biomarker assessments (n=29).

Characteristics

Participants, n (%)

Recall self-reports

Number of follow-up assessment meetings
Physical activity
Intake of fruits and vegetables
Intake of food with high-sugar content
Intake of fast food
Biomarker assessments
Body fat and body mass index and blood pressure

Epstein—Barr virus and C-reactive protein level

582

48 (82.8)
50 (86.2)
47 (81.0)
47 (81.0)

58 (100.0)
54 (93.1)

3N umber of follow-ups that were completed by participants (29 participants who completed two follow-ups each).

Asshown in Table 5, the participants completed 58 foll ow-ups
(29 participants x 2 follow-ups). The completion rates for the
individual recall and biomarker measures were fairly high on
average (range 81.0%-100% of the recall or biomarker
measures).

Associations Between Ecological Momentary
Assessment and Diary Reports and Recall and
Biomarker Data

Table 1 presentsthe bivariate associations across domains (diet,
stress, and physical activity) between the pairs of EMA and
diary measures and either a recall or biomarker measure.
Considering the large number of possible pairs, Table 1 presents
only the associations between EMA and diary measures and
alternative measures of the same domain (eg, recalls) or the
different domains if the P value was <.10 for the association.
Small-to-moderate correl ations were observed.

Diet quality EMA and daily diary ratings were both negatively
associated with the recall of the intake of food with high-sugar
content (r=—.52, P<.01 and r=-.40, P=.04, respectively). Diet
quality EMA ratings, but not those of daily diary, were
positively associated with the intake of fruits and vegetables
(r=.34, P<.01) and moderate physical activity in terms of
minutes per day (r=48, P=.03) and negatively associated with
the intake of fast food (r=-.42, P=.02), systolic blood pressure
(r=-.32, P=.02), and C-reactive protein levels (r=—.34, P=.02).
Ratings of the diet diary were also associated with vigorous
physical activity intermsof minutes per day (r=.47, P=.02) and
total minutes (r=.35, P<.01). Based on both R statistics, roughly
aquarter of the variance in the relationship between diet EMA

reports and high-sugar counts was explained (R%z=.25 and

http://mhealth.jmir.org/2018/9/e176/

R%,a=-28). Based on the R, statistics, a similar level of
variability was found for the relationship between reports on
diet diary and vigorous physical activity in terms of minutes
per day (R°=.34) and total minutes (R>=.45). A low level of
variability was observed for the remaining rel ationshi ps between
diet measures with recall reports and biomarkers.

Daily stress diary reports correlated with the PSM-9 recall or
global measure had the highest correlation among the results
(r=.50, P=.02) and had trends in correlations with walking
activity recalls. Stress EMA was also correlated with PSM-9
(r=.30, P=.01) and recall for walking minutes per day (r=.27,
P=.05). Similar to the dietary report, the RZEd statisticsfor stress
EMA reports (R°c4=.27) and both R’statistics for stress daily

reports (R°g,=.28 and R%4=.24) indicate that approximately

a quarter of the variation was caused by the relationship with
PSM-9 recall.

Daily diary physical activity reports were not significantly
associated with their corresponding recall measures, whether
counted by days, minutes per day, or total minutes. Light
physical activity (counted as days) was associated with moderate
activity recall days (r=.43, P=.04). Moderate physical activity
days were negatively associated with BMI (r=-.40, P=.02).
Vigorous physical activity dayswere negatively associated with
BMI and body fat (r=—.44, P=.02 for both measures). Based on
the RzEd statistics, aquarter of the variance for physical activity
days was explained by the relationships with BMI (R°c,=.26)
and body fat (RzEd:.ZS). The variance was fairly low for the

remaining relationships between physical activity reports and
both recall reports and biomarkers.
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Table6. Fina random effects linear regression models showing the associations between ecological momentary assessment and diary and recall-based

predictor variables.

Ecological momentary assessment or diary response predictor n g2 SE R2Edb R2TotalC

Diet ecological momentary assessment (3 times per day): Intake of high-sugar foodd 34 -0.0055 0.0018 0.27 0.24

Diet diary: Model 1 29 —° — 0.39 0.29
Intake of high-sugar food' — -0011 00051 — —
Vigorous physical activity (mi n/day)f — 0.0071 0.0026 — —

Diet diary: Model 2 28 — — 0.45 0.23
Intake of high-sugar food' — -0.011 0.0054 — —
Vigorous physical activity (total min)® — 00021 000066 — —

Stress ecological momentary assessment (3 times per day): PSM-99 (stress inventory)f 45 0.014 0.0050 0.27 0.08

Stress diary: PSM-9 (stress inventory)f 31 0.024 0.0092 0.28 0.24

B: regression coefficients.

bBased on the calculation of Edwards et al (2008).
®Based on ratio of unexplained-to-total variance.
9P value<.01.

®Not applicable.

P value<.05.

PPSM-9: nine-item psychological stress measure.

Multivariate Regression Analyses

Table 6 shows the multivariate regression results for EMA and
diary measures that were significantly associated with arecall
or biomarker measure aswell asthe direct corresponding recall
measures (ie, variables shown in Table 1). Results indicated
that diet EMA ismost strongly associated with high-sugar food
recalls, indicating the particular sensitivity for low-quality foods.
The associations between stress EMA and diary reportsaswell
as their corresponding PSM-9 recall were confirmed in the
multivariate models and washing out associations with low
physical activity indicated in the bivariate models. The only
multivariate model with multiple significant predictorswasthe
diet diary rating in which both high-sugar food and vigorous
physical activity (total minutes and minutes per day) recalls
retained their significant associations and together explained

almost half of the variability diet diary rating based on the R?
measures.

Discussion

Principal Findings

Theresultsin thisanalysis present several sets of inferenceson
the reliability and validity of the brief EMA and daily diary
reports on diet, stress, and physical activity. Intermethod
reliability between EMA and diary reports and their
corresponding recall reports is moderate for stress and diet, as
hypothesized. However, it was unexpectedly low for physical
activity. In contrast to intermethod reliability, concurrent validity
with other measures was demonstrated for diet and physical
activity EMA and diary reports. However, it was not observed
for stress.

http://mhealth.jmir.org/2018/9/e176/

Diet EMA as simple and subjective as* high or medium or low
quality” ratings showed reliability with brief food frequency
questionnaire recall methods and concurrent validity with
physical activity. Thisisremarkable considering the subjective
quality of the question and response options. As hypothesized,
EMA appearsto be more reliable and valid compared with the
end-of-day diaries, particularly for food quality reports, and to
some key diet- or systemic-related biomarkers. By contrast,
daily diary diet ratings are not associated with the biomarkers
and are more significantly associated with vigorous activity
recallsthan food count recalls. Daily diary diet reportsarelikely
associ ated with acombination of recall and rounding errorsthat
reflect the linked lifestyle habits of healthy eating and regular
physical activity or poor diet and sedentary behaviors.

The simple stress self-monitoring questions (both EMA and
daily diary) used in this study also indicated good intermethod
reliability with the PSM-9 brief recall measure. The trends in
the associations between stress EMA and diary as well as
walking recall report data demand further explanation and
analysis. Qualitative reports from formative work (BLINDED)
have identified that mothers have lower levels of physical
activity due to stress, specifically, time pressures associated
with stress result in the lack of time to engage in moderate or
vigorous physical activity. Walking as physical activity indaily
life (eg, for transport and walking pets) may be more salient for
reportings when stressed and unable to engage in intentional
moderate or vigorous physical activity.

The moderate negative associ ations between vigorous physical
activity diary reports and BMI and body fat and similar trends
in the associations with moderate physical activity indicate the
concurrent validity of the physical activity diary reports.
Vigorous physical activity reports likely reflect the classes of
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highly active (or inactive) participants who are consistent
enough in their activity levels to observe the associations with
biomarkers. Notably, the crudest cal culations of physical activity
(ie, daysvsminutesfor vigorous and moderate physical activity)
show potential trends for intermethod reliability correlations
with their corresponding recall reports, whereas light physical
activity diary reports showed significant correlations with
moderate activity.

Concurrent validity with different biomarkers and biomeasures
for different activity measurement methods also suggests that
the underlying aspects of physical activity measured using
different methods may be somewhat independent [17]. Similar
challenges were observed for food frequency questionnaires
[18] and are reported to vary in terms of individuals and
population groups [56-58].

Limitations

The primary limitation of thisstudy isitsrelatively small sample
size. A larger sample size would increase statistical power,
which would likely result in trends showing statistical
significance (ie, P=.10) and more el aboration between variables
in the multivariate analyses. Another limitation is the
participant-centered design that prioritized brief recall measures
and salient EMA and diary question design over highly detailed
measures that might have better reliability and validity but
higher user burden and lower engagement, sustainability, and
completion rates. There are additional limitationsin evaluating
the magnitude of the associations between measures. Given that
some study measures, such as diet quality, measure of the
self-perceptions of health, the degree of association between
self-reported measures|likely includes method bias; for example,
ahigh perception of health may lead to positive reports on both
diet quality and physical activity. Finaly, the 6-month study
period is in accordance with the time periods for weight loss
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interventions and other lifestyle modification programs, 6
months is a long period for an EMA study and calls for
additional research to determine optimal EMA schedules that
compliment lifestyle modification program schedules.

Conclusions

The results of this study suggest that simple and brief EMA
measures for diet and daily diary measures for stress, may be
good enough tools for long periods of self-monitoring. Thisis
especially important in the study population that mostly includes
ethnic minority mothers, several of whom expressed that time
is a barrier in monitoring and engaging in healthy behaviors.
The inconsistencies between sdf-report and objective
measurement methods and the lack of gold standards have
resulted in recommendations to use a combination of methods,
particularly when examining impacts on health status[17,59,60].
Future studieswith larger sampl e sizes must be conducted while
examining active and passive self-monitoring strategies and
ecological momentary interventions [61] that trigger
microinterventions based on the self-monitoring and contextual
data (eg, globa positioning system location) of smartphone
apps[62,63]. Thereare significant challengesin addressing this
infuture studies. Theintersecting issues of burden, participation
(compliance), and timelines for changing and then sustaining
daily health routines must be carefully considered. Initially,
intensive EMA and diary self-reporting could support changes
in behaviors. Once improvement in health status is achieved
(eg, weight loss and improved cardiovascular fitness), the next
hurdle is to maintain positive outcomes by continuously
performing behavioral routines. Apps must be adaptive to the
stages of change, participation burnout, and varying patterns of
setbacksthat individua s experiencein adopting and maintaining
healthier routines. However, smartphone apps are well suited
for the task.
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Abstract

Background: There has been an increase in consumer-facing mobile health (mHealth) apps in recent years. Prior reviews have
characterized the availability, usability, or quality of popular mHealth apps targeting a range of health behaviors, but none has
examined apps that promote better oral health care. Oral disease affects billions of people worldwide and mobile phone useison
the rise, so the market for well-designed and effective oral health apps is substantial.

Objective: We examined the content and usability of popular oral health promotion apps to better understand the current state
of these self-help interventions and inform the need and opportunity for future app devel opment.

Methods: Between February and March 2018, we identified oral health-focused apps that were designed for Android or iOS,
availablein English, and targeted adult consumers (as opposed to children or dental health professionals). The samplewas limited
to the most popular and highly rated apps on each platform. For each app reviewed, we assessed its basi ¢ descriptive characteristics
(eg, platform, cost), evidence of atheoretical basis or empirical validation, key program functionality, and the extent to which
the app addressed diet and tobacco and alcohol use asrisk factorsfor oral disease. We characterized the framing (ie, gain vs10ss)
of al persuasive messaging and conducted a heuristic analysis to assess each app’s usability as a persuasive health technology.

Results. Thirty-three appswere eligible for review based on the selection criteria. Two-thirds (22/33, 67%) were geared toward
the general public as opposed to dental clinic patients, insurance plan members, or owners of specific electric toothbrushes. Most
(31/33, 94%) were free to download, and a majority (19/33, 58%) were sponsored by software developers as opposed to oral
health experts. None offered any theoretical basis for the content or had been empirically validated. Common program features
included tools for tracking or reminding one to brush their teeth and assistance scheduling dental appointments. Nineteen apps
(58%) included educational or persuasive content intended to influence oral health behavior. Only 32% (6/19) of these included
alarger proportion of gain-framed than loss-framed messaging. Most of the apps did not mention diet, alcohol or tobacco—important
risk factors for oral disease. Overall, the apps performed poorly on standard usability heuristics recommended for persuasive
health technologies.

Conclusions: Thequality of the reviewed appswas generally poor. Important opportunities exist to develop oral health promotion
apps that have theoretically grounded content, are empirically validated, and adhere to good design principles for persuasive
health technologies.

(JMIR Mhealth Uhealth 2018;6(9):€11432) doi:10.2196/11432
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Introduction

Untreated oral conditions, including dental caries, severe
periodontitis, and edentulism, affect about 3.5 billion people
worldwide[1]. Oral health isintegral to overall headth [2]; ora
disease contributes to unnecessary pain and suffering and isthe
fourth most costly disease to treat in most industrialized
countries [3]. Routine oral hygiene, including daily brushing
and flossing, is important for preventing oral disease and
maintaining good oral health [4,5]. Routine dental visits are
also important for maintaining good oral health because dentists
can check for early signsof oral disease, provide teeth cleaning,
and offer counseling about oral health behaviors [6]. Thus,
promoting better oral health care is an important public health
goal.

We believe mobile phones offer a promising strategy for
reaching the public to deliver low-cost oral health promotion
apps. According to a 2018 survey by the Pew Research Center,
77% of US residents now own a mobile phone [7]. Across 40
countries, aglobal median of 43% of residents owned amabile
phonein 2015, and mobile phone ownership isgrowing rapidly
in countries with emerging and developing economies [8],
making thistechnology aviable platform for direct-to-consumer
public health interventions.

Along with the growth in mobile phone usage, there has been
rapid growth in consumer-facing health promotion apps [9].
About 29% of those who have downloaded an app to amobile
phone or tablet report downloading a health-related app [10],
and in 2017, there were 325,000 health-related apps available
for download [11]. Mobile phone apps have been used to
promote a variety of heathy behaviors including tobacco
cessation [12], diabetes self-management [ 13], diet and nutrition
[14], and physical activity [14].

Prior reviews have examined the efficacy of mobile health
(mHealth) apps for behaviors such as weight loss and physical
activity [15], self-management of chronic conditions [16], and
identifying skin cancers [17]. Other reviews have sought to
characterize the availability, usability, or quality of popular
mHealth apps for common health issues such as supporting care
during pregnancy [18], promoting physical activity [19] and
encouraging smoking cessation [12]. But very little is known
about the state of publicly available mHealth appsfor adult oral
health promotion. Inareview of theliterature, we only identified
1 cross-sectional survey of people who had used an app (Brush
DJ) to improve their oral health self-care [20] and no prior
reviews of the overall content, usability, or quality of existing
oral health apps for adults. However, research has shown that
text messaging interventions are associated with improvements
in tooth brushing frequency [21], reducing plague [22], and
changing one’s oral hygiene index and gingival index [23], so
it is plausible that well-designed oral health apps could be
effective at improving knowledge, self-care behaviors, or
facilitating receipt of needed professional dental care among
adults.

To addressthegap intheliterature and inform future oral health
intervention development, we conducted a systematic review
of the most popular oral health apps available for Android and
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iOS phones. To do this, we sought to review the content and
assess the usability of each app. Our content review included
an examination of the basic features and functionality, inclusion
of key ora health discussion topics, analysis of message
framing, and assessment of whether the developers cited a
theoretical or empirical basisfor the content. Thefindingsfrom
this comprehensive review inform the overall quality of popular
oral health promotion apps and speak to both the need and
opportunity for additional mHealth intervention devel opment.

Methods

Sample

We identified oral health-focused apps in the App Store and
Google Play between February and March 2018. Apps were
identified using thefollowing search phrases. oral health, dental
health, teeth health, tooth health, mouth health, dental care,
teeth care, and oral care. The initial search revealed 1975
Android and 1005 iOS apps. To narrow the field, we excluded
apps that were not in English and those designed specifically
for dental health professionas, dental students, patients of
specific dental practices, or children. We then restricted the
sample to the most popular available for each platform based
on the assumption that these were likely the highest quality and
most frequently used apps. As such, we believe these represent
a reasonable sample for evaluating the content and quality of
current adult-focused oral health apps. A similar strategy has
been used by othersto limit the number of apps reviewed when
it was not feasible to review all available apps [24]. We did not
eliminate any appsthat met our inclusion criteriabased on their
perceived quality.

To limit the search to those most popular, we followed the
example of Abroms et a [24] and selected Android apps that
had been installed at |east 1000 times (n=24). Of these, 12 were
only available for Android and 10 were also available for iOS.
Similar download information was not available from the App
Store, but according to Apple Inc, presentation order is
correlated with user ratings, reviews, and user downloads [25],
even though ratings are not always published, so we selected
the first 12 iOS apps (excluding duplicates also found for
Android), alowing a balance between Android-only and
iOS-only apps. However, 1 i0S app was hot compatible with
iOS 11, so we were unable to include it in our fina review.
Thus, the final sampleincluded 33 apps (12 for Android, 11 for
i0S, and 10 for both Android and iOS). Those available on both
platforms were reviewed through Android since the Google
Play store provided more complete information about each app
than was available at the App Store. Several were available to
the public but included content that was restricted to consumers
who had purchased electric toothbrushes sold by the app
sponsor. For these, we only reviewed the free-to-access content.
All apps were reviewed on tablet devices.

Content Review: Key Features, Functionality, Content
Basis, and M essaging
For each app we documented the devel oper/sponsor, platform,

cost, number of installations, and user ratings. We summarized
the basic functionality and noted whether the app or its
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descriptive summary at the app store indicated that it had been
empirically validated. We also conducted a literature review to
identify empirical evaluationsthat might beincludedinthelist.
Next, we documented whether each app or its descriptive
summary included any reference to a theoretical or empirical
basis for the educational or persuasive content.

In addition, we characterized the framing of all persuasive health
messages used. According to prospect theory, potential losses
are more motivating than potential gainswhen risky actionsare
being considered, but gains are more motivating than losses for
low-risk behaviors[26]. Thistheory iscommonly applied when
writing persuasive health messages. In fact, prior research has
shown that gain-framed messages are particularly effective for
promoting oral hygiene behaviors [27-31]. Gain-framing
highlights the benefits of action, such as healthier teeth and
gumsor fresh breath. In contrast, |oss-framed messages highlight
therisks of inaction, such asincreased cavities or oral disease.
Thus, we were interested in understanding the extent to which
this strategy was being used in each app. To assessframing, we
captured screenshots of all content and then systematically
reviewed and coded all educational or persuasive written
messages. Messages were deemed gain-framed if they
emphasized the benefits of positive oral health behaviors like
brushing and flossing. Messages were deemed loss-framed if
they emphasized the risks of not engaging in positive health
behaviors. Messages that were neither gain- nor loss-framed
were coded as neutral.

Because diet and tobacco and acohol use are important risk
factors for oral disease [32], we noted whether each topic was
discussed (yes/no) and characterized the level of discussion as
either brief (ie, up to afew sentences), partial (ie, a subsection
dedicated to this topic, such as a short paragraph), or full (ie, 1
or more full sections dedicated to the topic). We then
summarized the key talking points of this discussion to assess
the quality and relevance of the content. In particular, we were
interested in whether each discussion identified diet or acohol
or tobacco use as arisk factor for oral disease.

All content was reviewed and characterized using the methods
outlined above by thefirst author (BT). A second reviewer (JM)
reviewed the summarized findings and validated the first
author’s characterization of key content elements including
message framing, level of discussion focused on key topicssuch
as tobacco and alcohol, and whether the content linked diet,
alcohol, or tobacco to oral disease risk.

Heuristic Analysis

Each of the apps reviewed is an example of apersuasive health
technology [33], intended to change users attitudes and/or
behavior. The effectiveness of a persuasive technology is not
limited to the quality of its written content; it is also affected
by the app’s user interface and functionality. If the app is
difficult to operate, consumerswill stop using it, and asaresult
the design will undermine the app’s intended effects. Thus, it
isessential that persuasive technol ogies comply with basic best
practice design principles.

To further assess the quality of the selected apps, we reviewed
and rated each based on 10 heuristics recommended for
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improving the usability of persuasive health technologies[34].
Kientz et a [34] argue that these heuristics are the most
appropriate for technol ogies designed to persuade the end user
to be healthier, and her team has found that they identify severe
usability problemsin persuasive technologies more frequently
than the general heuristics proposed by Nielsen [35]. The
heuristics recommended by Kientz et al [34] are asfollows:

«  Appropriatefunctionality: technology should meet usahility,
mobility, visibility, and durability needs according to the
settings in which it might be used. The technology should
function effectively in the user’s environment by being easy
to use and integrate into one’s daily life and routine.

- Notirritating or embarrassing: technology should not irritate
or embarrass the user, even after using the product
repeatedly and regularly over along period of time. This
relates to aspects such as the presence of the product itself
in the user's environment; the degree to which the
technology intrudes upon the user’s daily life; the timing,
type, accuracy, and amount of feedback given; and the
capability for customized settings and privacy controls.

« Protects user's privacy: system alows users to keep
personal information private. Users can control what, when,
to whom, and how much information is made public. Any
public information is kept abstract.

- Useof positive motivation strategies: technology recognizes
when target behaviors have been performed or goals have
been met and uses positive reinforcement strategies to
promote continued progress. App avoids use of punishment
for failure to perform target behaviors or meet goals.

« Usableand aesthetically appealing design: visual design of
the technology is attractive and appealing and adheres to
basi c usahility standards. Design captures and sustains the
user's interest, enhances user engagement with the
technology, and adds to the credibility and usability of the
product.

« Accuracy of user information: technology should not
inaccurately record or misrepresent the user’sbehavior (for
instance, dueto limitationsin automatic sensing capabilities
or the inability to use the device in certain environments).
If necessary—to obtain an accurate, comprehensive account
of behavior—the technology should allow usersto edit data
records and/or manually input additional datathat the device
isincapable of detecting automatically.

- Appropriate time and place: information, feedback, and
assistance are provided at an opportune time and place (ie,
when and whereit is heeded, at the most appropriate time,
and in the most effective manner).

- Vighility of user’s status: technology should always keep
the user informed about progress toward goals through
appropriate feedback within a reasonable time frame.
Feedback is accurate and easily understood (eg, through
use of abstract displays, summary data).

«  Customizability: users should be able to customize aspects
of the technol ogy, for example, creating personalized goals
and customizing product settings (public/private data,
interface, etc). However, customizability should not
interfere with persuasive aspects.

«  Educate users: users should understand why their actions
promote positive behaviors and how their goals are being
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met. This includes which specific behaviors lead to the information and gain skills relevant to their goals,

accomplishment of a larger goal. The technology should particularly skills that would enable them to continue to

engage users in an active process whereby they learn progresstoward goal s even in the absence of the technol ogy.
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Table 1. Best and worst case examples of usability by heuristic domain.

Tiffany et a

Heuristic Best case Worst case
Appropriate « Hasacomprehensive set of persuasive headlth featuressuch  «  Primary function isatoothbrush timer, which doesn’'t work
functionality as atoothbrush timer, goal tracking, and remindersthat run o  Lacksbasic features such as reminders, sound controls,

Not irritating or
embarrassing

Protects user’s
privacy

Use of positive
motivation
strategies

Usable and aes-
thetically ap-
pealing design

Accuracy of us-
er information

Appropriate
time and place

Visihility of us-
er's status

Customizability

Educates users

smoothly
Isintuitive and easy to use
Free of errors and crashes

Free of ads and other unnecessary interruptions

Functions smoothly, navigation isintuitive, and screens and
features load quickly

Gives user the ability to customi ze settings and controls such
as sound, timer length, and privacy

L og-in/password protected
Informs/reassures user about privacy protections and rights
Allows user to control their data permissions/usage

Primarily uses gain-framed messaging and positive imagery
throughout

Positively reinforces achievement of target behavior: “ Great
job! Keep it up!”

Rewards user with badges, points, or other incentives when
achieving target behaviors/goals

Interface iswell designed and professional looking
High-quality, attractive images and graphics are used
Navigational elements and controls are intuitive and easy to
use, keep the user well oriented

Option to track multiple aspects of user information and be-
havior

Tracking features are accurate, editable, and function appro-
priately

Allowsuser to manually input, edit, or deletetheir information

Information is coherent and well organized for consumption
Provides user with mini-tutorialswhen accessing new features
Simply shaking the device allows the user to easily report an
issue

Provides summary data of user’s stats on home screen
Provides more in-depth explanation of user progression data
with historical graphs/charts

Shows progression bars as user works toward goals

Provides ability to customize colors, sounds, and notifications
Provides ability to choose from among several oral hygiene
goals

Provides ability to create multiple user profiles so a family
can share the device, for instance

Provides educational material on the benefits of oral hygiene
practices

Provides videosthat explain how to properly brush, floss, and
perform other types of oral care

Positively reinforces target behaviors by reminding user of
end-goal benefits

etc.
«  Hasfrequent errors and crashes repeatedly

«  Frequently interrupts user with full-screen ads, flashing
banners, and solicitations

«  Slow loading times; disorganized, inconsistent navigational
controls

o No user guides, assistance, or help of any kind provided

« Nolog-in/password option

«  Nomention of privacy policy or what happens to data

«  Sharesdatapublicly or with third parties such as advertis-
ers

«  No positive motivation strategies are used at al; says
nothing when you complete a tooth brushing session

o  Primarily usesloss-framed messaging and negative im-
agery (eg, cartoon of person suffering from bad breath)

«  Warns potential mates will run from you if you have bad
breath

«  Unappealing color choices, such as a puke-green back-
ground

«  Poor image quality; pixelated, unattractive imagery and
graphics; reuses the same image for different sections

«  Disorganized, disorienting, and inconsistent navigation
controls

« Hasno ability to track or store user information/behavior

«  Tracking features do not function properly or are highly
inaccurate

« Doesnot provide away to input, edit, or delete existing
user information

o  Textua information is plagued by spelling, grammatical,
or syntax errors; difficult to consume

« Noguides, assistance, or help of any kind is provided for
the user

o App randomly asks user to solve math problems

«  Nouser dataistracked, so thereis no feedback on status
or progress towards goals

« Doesnot let the user know which content they've re-
viewed; doesn’t provide option to do so

«  Toothbrush timer istiny; difficult to see progress

o No ability to customize colors, sounds, or notifications

« Noability to set personalized goals or tailor oral hygiene
strategies, such astimer length

« Noability to customize privacy settings or control user
data

« Noeducationa, instructional, or persuasive content what-
soever

« Noclear goasfor the user to achieve

«  Doesnot attempt to engage the user in any process or ex-
plain why user should perform certain types of behaviors
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For each of the heuristics above, we applied a standard severity
scoring system recommended by Nielsen [36] and adopted by
Kientz [34]; however, we modified our application of the scoring
system for the purposes of this paper. Rather than scoring each
identified usability problem, we assigned asingle severity score
for each heuristic domain for each app and then calculated an
overall severity score for each app. This methodology allowed
us to better compare the usability of the selected apps to one
another and comment on the overall user-centeredness and
quality of the apps. The scoring criteriaapplied were asfollows:
O=not a usability issue, 1=cosmetic problem only, 2=minor
usability problem, 3=magjor usability issue, and 4=usability
catastrophe. We took the perspective that an ideal persuasive
technology should adhere to the objectives of all 10 heuristics.
If adomain was not addressed at all, it was coded as a usability
catastrophe. Dueto resource limitations, asinglereviewer (BT)
coded each app, but the application of the scoring system was
discussed and agreed upon by all coauthorsand individual items
were randomly selected and reviewed by the team to ensure a
consistent application of criteria.

Table 1 includes specific examples of how the scoring criteria
were applied, illustrating the type of characteristics observed
in the reviewed apps that would receive a low severity score
(best case) and a high severity score (worst case).

Results

Basic Features and Functionality

A total of 33 apps met the selection criteria and were reviewed
(Table 2). Most were sponsored by a software devel oper (19/33,
58%) or dental care provider (6/33, 17%) and were targeted to
the general public (22/33, 67%). However, 12% (4/33) were
offered by companies as an adjunct for their electric
toothbrushes. All but 2 apps (31/33, 94%) were free to
download.

Common design features included the ability to provide
feedback on the app (12/33, 36%), customize aspects of
appearance or sounds (12/33, 36%), set up a log-in account
(9/33, 27%), access customer support (9/33, 27%), customize
one's ora health goals (8/33, 24%), and share progress with
others (5/33, 15%). Four apps (12%) specifically promoted oral
hygiene productsfor purchase; 6 included gamification features
such as awarding badges for behavioral milestones and
accomplishments.

Key functions are presented in Table 3. Most (20/33, 61%)
included atimer for brushing teeth, and for 45% (15/33) of the
apps reviewed, this was the primary function of the app. Other
common functions included tips for better managing oral
hygiene, reminders and alerts for improving oral hygiene (eg,
notification to floss before bed or replace an old toothbrush),
and genera oral health-related educational content. Five apps
(15%) allowed people to communicate with a dental health
professional to either ask questions, request a video-based oral
health assessment, or inquire about dental insurance. Five (15%)
were designed to help users look for adental care provider.
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Theoretical or Empirical Basis

None of the apps cited a theoretical foundation for design or
content. Only 1 mentioned any evaluation of the app’s impact
on changing users' knowledge, attitudes, or behavior. The cited
study, however, waslimited to a cross-sectional survey of users
perceptions and did not assess the actual effectiveness of the
intervention in a randomized or longitudinal study [20]. None
of the apps appeared to have been empirically validated.

Key Messaging: Content and Framing

Morethan haf (19/33, 57%) of the appsincluded written content
intended to influence oral health behavior as opposed to simply
providing instructional directionsfor how to use the features or
functionality (eg, toothbrush timer). The majority of these apps
(15/19, 79%) included amix of gain- and loss-framed messages
(Table 4). A third (6/19, 32%) included a larger proportion of
gain-framed messages compared to | oss-framed messages, and
1 app included only neutral messaging with neither a gain nor
loss frame.

Examples of gain-framed messages included:

To keep your teeth and gums healthy you should clean
between teeth daily with floss or an interdental
cleaner.

Brush your way to a fresh smile.
Examples of loss-framed messages included:

In general, the higher the frequency and quantity of
sugary foods and drinks you intake per day, the more
at risk you are of devel oping tooth decay.

If you don’t floss and brush your teeth regularly, any
food trapped between your teeth will be broken down
by the bacteria and may be responsible for bad
breath.

Twelve apps (36%) included some discussion of diet, but the
discussion was either brief (5/12, 42%) or partial (5/12, 42%).
Only 2 provided more comprehensive dietary information. Most
of the apps that mentioned diet (7/12, 58%) recommended
limiting or avoiding sugary foods that cause tooth decay or bad
breath, and 33% (4/12) mentioned that acidic food or drinks
can damage teeth. Several apps (3/12, 25%) endorsed eating a
diet rich in fruits and vegetables, but 1 suggested eating fruits
and vegetables could stain one’s teeth.

Eleven apps (33%) briefly or partially discussed tobacco use.
Noneincluded afull discussion of the effects of tobacco on oral
health outcomes. Five of the 11 appsthat included some tobacco
discussion (45%) advised people not to use or to quit tobacco,
36% (4/11) emphasized tobacco’s role in causing bad breath,
36% (4/11) emphasized that tobacco causes tooth stains, and
36% (4/11) linked tobacco use to oral disease. None referred
people to stop-smoking treatment services.

Nine apps (27%) briefly addressed a cohol use. Seven of these
(719, 78%) suggested drinking be limited or avoided to reduce
the risk of unwanted oral health issues such as bruxism, bad
breath, dry mouth, tooth decay, or stained teeth. Only 1 app
noted that alcohol use is a risk factor for oral cancer. None
referred people to treatment servicesto reduce their drinking.
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Table 2. Reviewed apps.
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Name Platform Sponsor Cost Number of ~ Number of  Averageuser
instal|s* user ratings®  rating?
24/7 Live Dentist Response i0S Digital health company Free Unknown Unknown Unknown
Bad Breath Android App developer Free 1000 3 37
Bad Breath Guide i0S Dental provider Free Unknown Unknown Unknown
Brush DJ Android & i0S App developer Free 100,000 1207 41
Brushing and Whitening Teeth Android App devel oper Free 5000 106 4.4
Brush'n'Save Android Dental provider Free 10,000 74 4
Brushy Android App developer Free 10,000 115 33
Colgate Connect i0S Oral hygiene product company Free Unknown 81 4.3
DDS Anywhere Android & i0S App developer Free 5000 23 4
Delta Dental Android & i0S Insurance provider Free 100,000 793 3
Dentacare - Health Training Android App developer Free 10,000 Unknown®  Unknown®
DentAdvisor: Oral Care Expert i0S App developer $1.99 Unknown Unknown Unknown
Dental Care Android App developer Free 1000 9 4.6
Dental Care—Target Smile Android App developer Free 1000 40 4.9
Dental Desk Android Dental provider Free 10,000 66 4.6
Dol Grind Android & i0S Digital health company Free 1000 40 4.1
FoodForTeeth® i0oSs Dental provider Free Unknown Unknown Unknown
Healthy Teethd i0S App developer Free Unknown Unknown Unknown
Kolibree Android & i0S Oral hygiene product company Free 5000 136 33
Let’s Brush Free i0S App developer Free Unknown Unknown Unknown
Moment of Tooth i0S App developer Free Unknown 8 4.9
My Dental Care Android & i0S Dental provider Free 500 14 5
MySmile Android & i0S App developer Free 10,000 126 4.1
Oral-B App Android & i0S Oral hygiene product company Free 1,000,000 12,489 33
Philips Sonicare Android & i0S Oral hygiene product company Free 50,000 564 27
QuickBrush Toothbrush Timer Android App developer Free 10,000 176 4.2
Smile—Dental Hygiene Analysis  iOS Dental provider Free Unknown 14 36
Tooth Notes i0S App developer $0.99 Unknown Unknown Unknown
Toothbrush Pacer Android App developer Free 10,000 98 4
Toothbrush timer Android App developer Free 100,000 1046 35
Toothbrush Timer Android App developer Free 50,000 776 38
Toothy: Brush Floss Rinse! i0S App developer Free Unknown 401 4.6
United Concordia Dental Mobile ~ Android & i0S Insurance provider Free 50,000 232 33

@Details on the number of installations, number of user ratings, and average rating are only available in the App Store for some iOS-based apps. Data
presented on apps available for both Android and iOS list datafrom Google Play only. User ratings scored on a1 (worst) to 5 (best) scale. All datawere
current as of the time of this review.

bThis app was rel eased as a beta version, so rating information was not yet being tracked.
CFull app name: FoodFor Teeth—Food Database and Diet Diary.
drull app name: Healthy Teeth—Tooth Brushing reminder with timer.
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Table 3. Summary of key app functions.
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Key function

Total, n (%)

Tooth brushing timer

Tips for better oral hygiene

Oral health educational content

Oral hygiene alerts or reminders

Tracking of ora health behaviors (eg, brushing)
Tracking of dental appointments

Ability to communicate with adental professional

Ability to search for dentists

20 (61)
16 (48)
13 (39)
13(39)
9(27)
7(21)
5 (15)
5 (15)

Table 4. Gain and loss framing in apps with persuasive health messages. Table does not include apps that provided instructional content only (n=14).

App name Total messages, N Gain framed, n (%) Loss framed, n (%) Neutral framed, n (%)
MySmile 22 0(0) 9(41) 13(59)
Dol Grind 21 3(14) 11 (52) 7(33)
Delta Dental 81 8(10) 30(37) 43 (53)
Bad Breath 159 31 (20) 46 (29) 82 (52)
United Concordia Dental Mobile 113 7(6) 18 (16) 89 (79)
Bad Breath Guide 352 48 (14) 74 (21) 220 (63)
Brushing and Whitening Teeth 424 9(2) 16 (4) 98 (23)
Dental Desk 172 6 (4) 16 (9) 154 (90)
FoodForTeeth? 499 50 (10) 73 (15) 377 (76)
My Dental Care 691 45 (7) 70 (10) 576 (83)
DentAdvisor: Oral Care Expert 909 42 (5) 77 (9) 777 (86)
QuickBrush Toothbrush Timer 13 1(8) 1(8) 11 (85)
Brush DJ 19 0(0) 0(0) 19 (100)
Dental Care 430 69 (16) 65 (15) 295 (69)
Dental Care—Target Smile 48 12 0(0) 47 (98)
Moment of Tooth 21 8(38) 5(24) 8(38)
Let’s Brush Free 21 5(24) 0(0) 16 (76)
Philips Sonicare 11 8(73) 109 2(18)
Oral-B App 23 18(78) 2(9) 3(13)

8Full app name: FoodFor Teeth—Food Database and Diet Diary.

Heuristic Review

Although not all the reviewed apps included explicit health
persuasion messages, all were intended to influence users' oral
health attitudes and behavior. Thus, we reviewed al 33 apps
using the heuristics recommended for persuasive health
technologies.
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Table 5 summarizes the number of apps that received each
severity score by heuristic. Most appsreceived a severity rating
of 3 or 4 across each heuristic. In general, apps scored poorly
on protecting users’ privacy but had fewer issues with usability
and aesthetic appeal. We aso calculated an overall severity
score for each app by summing the scores across all domains.
Across all apps, the average overall severity score was 30 out
of 40 (range 16 to 39). This score reflects major, systemic
usability problems.
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Table 5. Number of apps receiving usability severity scores for each persuasive health technology heuristic.

Heuristic No issues Cosmetic issues Minor issues Major issues Usability catastrophe
(score=0) (score=1) (score=2) (score=3) (score=4)

Appropriate functionality 0 0 5 26 2

Not irritating or embarrassing 0 1 9 20 3

Protects user privacy 2 0 4 5 22

Use of positive motivation strategies 0 3 1 17 12

Usable and aesthetically appealing design 0 6 13 12 2

Accuracy of user information 0 0 3 14 16

Appropriate time and place 0 4 2 25 2

Visibility of user status 0 4 1 20 8

Customizahility 0 0 5 10 18

Educates users 0 0 4 20 9
Discussion management of this condition is more complex than avoiding

Principal Findings

We selected 33 of the most popular and highly rated oral health
apps available for Android and iOS and reviewed the design,
content, and usability of each. As a group, apps were of poor
quality. All were intended to influence adults oral health
attitudes and behaviors, but none were empirically validated to
demongtrate their effectiveness. None cited any theoretical basis
for the content, which isnot unusual for mHealth apps, but since
the magjority were created by developers who did not appear to
be affiliated with oral health or behavioral science experts, itis
likely that the content and design of most were not driven by
sound behavioral theory. As a case in point, prospect theory
suggests that gain-framed messages are more effective at
promoting preventive health behaviors than loss-framed
messages[26,37]. Thistheory has some empirical basis, asprior
research has shown gain-framed messages to be effective at
promoting oral hygiene behaviors [27-31]. As such, one might
expect to see gain-framing (as opposed to loss-framing) as a
central feature in apps designed to improve oral hygiene
behavior. However, of the 19 apps that included any explicit
persuasive messaging, only 6 included content balanced in favor
of gain-framed messaging and most of these still included
loss-framed messages. Only 2 apps included gain-framed
messaging without loss-framed messaging, but both included
only a few gain-framed messages—far less than might be
considered ideal for a persuasive intervention.

The oral health educational content had other issues, as well.
For example, diet, tobacco, and acohol are significant risk
factors for oral disease [32], yet one-third or less of the apps
reviewed discussed each of these important topics. When
included, the content wastypically brief and sometimesincluded
information that might be considered counter-productive to the
goal of improving users health behavior. A prime example is
the app that advised users that eating fruits and vegetables can
stain one's teeth. While there is some evidence that eating
certain fruits, vegetables, dairy, or soy products may contribute
to the development of dark spots on the teeth called “black
stain,” which are microflora deposits, the prevention or

http://mhealth.jmir.org/2018/9/€11432/

fruits and vegetables [38,39] and, in fact, the American Dental
Association recommends that eating fruits and vegetables can
benefit oral health [40]. In other examples, the developers
attempts to use humor seemed to undermine the intended
message. For instance, 1 app advised usersthat whether or when
they clean their tongue should depend on whether they will be
meeting “the crush of their life” and what they have eaten
recently. In contrast, according to the American Dental
Association, thereisno evidence that brushing or scraping one's
tongue prevents bad breath [41].

It is also notable that of the apps that included any discussion
of tobacco and alcohal, very few linked use of these substances
to oral cancer risk. Most highlighted the cosmetic (eg, stained
teeth) or social implications (eg, bad breath) of their useinstead.
Given the independent and synergistic effects that these
substances have on oral disease [32], future ora health apps
should more clearly articulate this risk and consider providing
treatment referral information for those interesting in quitting
or cutting back.

Finally, the reviewed apps all had significant usability issues
based on our heuristic review. Only 2 took measures to protect
users privacy, and none received a perfect severity score (ie,
0) on the other 9 heuristics. Significant usability issues (severity
score of 3 or 4) were noted for most apps across the heuristic
domains. Three apps sponsored by companies promoting oral
health products (Oral B, Philips Sonicare, and Colgate Connect)
were generaly well designed and received higher scores but
were narrowly intended to promote use of their products,
resulting in lower overall scores as persuasive health
technologies.

Strengthsand Limitations

This study has a number of notable strengths, including its
novelty. To our knowledge, thisisthefirst review of oral health
promotion apps. Assuch, this paper addresses an important gap
in the literature. It also establishes the need and opportunity to
create high-quality oral health promotion apps targeting adults.
Oral disease affectshillions of peopleworldwide[1] and mobile
phone use is rapidly expanding around the world [8], so the
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impact of effective oral health interventions delivered viamobile
phone could be substantial .

Another strength of thisreview isits comprehensive nature, in
which both the quality of persuasive health content and
user-centered design of the appswere evaluated. Our application
of Kientz's persuasive health technology heuristicsisalso novel.
Typically, these heuristics are used to identify a range of user
issues and each issueis scored based on its severity rather than
assigning ascoreto each heuristic domain or an overall severity
score to the entire app. However, our approach was reasonable
for the purposes of this review since it allowed us to compare
the relative quality of the user design across apps using a
common evaluation and scoring scheme.

Study limitations should also be noted. First, it is possible that
there are existing oral health apps which are of higher quality
than that of the most popular apps we reviewed. Resource
restraints prevented us from reviewing all of the available apps
(nearly 3000 were identified based on our keywords), but we
believe our focus on the most popular appsisreasonabl e because
these are the apps which are most frequently being used by the
public. Next, the downside of our comparative heuristic review
isthat it treated each heuristic as equally important, which may
not be the case. For this reason, we presented both overall app
severity scores and domain-specific scores so readers can get a

Tiffany et a

better sense of where usability issues were observed. But we
acknowledge that depending on the nature of the app,
performance in some heuristic categories may be moreimportant
than others so in future reviews it might be more appropriate
to differentially weight the domains. Another limitation is that
our heuristic review was performed by a single coder trained
in user-centered design using standardized scoring criteria. More
typicaly, if the goal had been to delineate all of the observed
issues, a group of coders might be used. This was prohibited
due to limited project resources but is also unlikely to have
changed our conclusion about the quality of the design of these
apps asagroup based on the pervasiveness and severity of issues
observed. Finaly, we note that our review waslimited to content
that was available through installation of each app. Additional
content only available to certain audiences such as health plan
members or owners of purchased electric toothbrushes and
protected via account log-in could not be viewed.

Conclusions

Many oral health apps are available to consumers, but based on
thisreview of themost popular and highly rated ones, the quality
of these apps is generally poor. Important opportunities exist
to develop ora headth promotion apps whose content is
theoretically grounded and evidence-based and that adhere to
good design principles for persuasive health technologies.
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Abstract

Background: Hands-free voice-activated assistants and their associated devices have recently gained popularity with the release
of commercial products, including Amazon Alexaand Google Assistant. Voice-activated assi stants have many potential use cases
in healthcare including education, health tracking and monitoring, and assistance with locating health providers. However, little
is known about the types of health and fitness apps available for voice-activated assistants as it is an emerging market.

Objective: Thisreview aimed to examine the characteristics of health and fithess apps for commercially available, hands-free
voice-activated assistants, including Amazon Alexa and Google Assistant.

Methods: Amazon Alexa Skills Store and Google Assistant app were searched to find voice-activated assistant apps designated
by vendors as health and fitness apps. Information was extracted for each app including name, description, vendor, vendor rating,
user reviews and ratings, cost, developer and security policies, and the ability to pair with a smartphone app and website and
device. Using a codebook, two reviewers independently coded each app using the vendor’s descriptions and the app name into
one or more health and fitness, intended age group, and target audience categories. A third reviewer adjudicated coding
disagreements until consensus was reached. Descriptive statistics were used to summarize app characteristics.

Results: Overall, 309 apps were reviewed; health education apps (87) were the most commonly occurring, followed by fitness
and training (72), nutrition (33), brain training and games (31), and health monitoring (25). Diet and calorie tracking apps were
infrequent. Apps were mostly targeted towards adults and general audiences with few specifically geared towards patients,
caregivers, or medical professionals. Most apps were free to enable or use and 18.1% (56/309) could be paired with a smartphone
app and website and device; 30.7% (95/309) of vendors provided privacy policies; and 22.3% (69/309) provided terms of use.
The majority (36/42, 85.7%) of Amazon Alexa apps were rated by the vendor as mature or guidance suggested, which were
geared towards adults only. When there was a user rating available, apps had a wide range of ratings from 1 to 5 stars with a
mean of 2.97. Google Assistant apps did not have user reviews available, whereas most of Amazon Alexa apps had at least 1-9
reviews available.

Conclusions: The emerging market of health and fitness apps for voice-activated assistantsiis still nascent and mainly focused
on health education and fitness. Voice-activated assistant apps had awide range of content areas but many published in the health
and fitness categories did not actually have a clear health or fitness focus. This may, in part, be due to Amazon and Google
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policies, which place restrictions on the delivery of care or direct recording of health data. Asin the mobile app market, the
content and functionalities may evolve to meet growing demands for self-monitoring and disease management.

(JMIR Mhealth Uhealth 2018;6(9):€174) doi:10.2196/mheslth.9705

KEYWORDS

voice-activated assistant; intelligent personal assistant; virtual personal assistant; Amazon Alexa; Google Assistant; artificial

intelligence; voice-activated technology; voi ce assistant

Introduction

Hands-free voice-activated assistants (VAAS) have recently
gained popularity with the release of commercial products,
including Amazon Alexa and Google Assistant and their
associated speaker devices. VAAsS are also referred to as
“intelligent personal assistants,” “voice assistants,” or “virtual
personal assistants’ [1]. A voice-activated assistant isa software
agent that can perform tasks or services for an individual and
uses voice activation for interaction through a smart speaker
device. Apple’s Siri is an example of a VAA, but requires the
user to press a button before one can use voice for interaction.
However, hands-free VAAs alow the user to command the
speaker device without having to touch the device and by using
only their voice. Historically, VAA technol ogies have been able
to perform arange of rudimentary tasks delegated by the user
with the primary functions being to organize and manage
information [2], such as provide facts or play music. With
advancements in machine learning, artificial intelligence, and
natural language processing, VAAs can now handle more
complex interactions, such ascommanding smart home devices
and placing orders for merchandize [3-8].

Released in the United States in November 2014, the Amazon
Echo was the first commercially available hands-free device
controlled by voice interaction. Alexa is the cloud-based,
personal voice assistant integrated into Amazon'sVAA devices,
which include the Echo, Dot, Tap, Look, Spot, and Show.
Amazon has a Skills Store that houses “ skills,” which are apps
that “...add new capabilities that create a more personalized
experience with your Alexa-enabled devices...” [9]. The Skills
Store is similar to the iOS and Android app stores and allows
a variety of skills to be “enabled” for use on Amazon Alexa
devices. Although many of them are free to “enable” some
have associated fees or require accountsto use the skills. Google
Assistant is the voice assistant powering Google Home, which
wasreleased in November 2016 in the United States. In addition
to Google Home, Google Home Mini and Google Home Max
devices were released in late 2017. Similar to the Amazon
Alexa-powered devices, Google Assistant has in-house and
third-party apps called “actions” Aswith Amazon, some apps
require that the user link a mobile phone app account to their
Google account before using the service with the Google
Assistant. Most Google Assistant apps are aready enabled by
default. Both Amazon Alexa and Google Assistant have
platforms for developersto create apps.

There are a number of potential health-related use cases for
VAAS because they could be used in a variety of settings (eg,
patients homes or in clinics and hospitals) for many different
functions, such as home monitoring of symptoms or health

http://mhealth.jmir.org/2018/9/e174/

education. Evidence suggests that VAAs could increase
accessibility to information for those with physical, sensory,
and cognitive impairments and facilitate self-management or
education [6,8,10-13]. Prior research concerning use cases for
VAAs have featured health tracking and monitoring, assistance
with locating health providers, and collecting data to aid in
decision making [3-5], but VAAs studied were not commercially
available products. At thiswriting, there are only afew studies
that have utilized a commercially available VAA for a health
use case. These studies have used Amazon Alexato assess deaf
speech [14], provide task support for individualswith cognitive
disabilities [15], and receive voice input from patients to
determine “unexpected changes in mood” [5]. Additionally, a
research study using Amazon Alexa was recently launched to
increase physical activity among overweight or obese cancer
survivors [16]. There is also limited research on the attitudes
of patients or health care providers regarding the use of VAAS
for health or fitness. Two studies based on customer reviews
indicated that users are interested in potentially utilizing these
devices for self-management, as amemory aid, or overcoming
accessibility issues[12,13].

Although there is rich literature regarding the characteristics
and use of health and fitness mobile phone apps [17-25], no
prior studies have described the characteristics of health and
fitness apps for commercialy available hands-free VAAs.
Previous VAA studies have focused only on research-grade
VAAs that were not commercialy available, were not
hands-free, and were primarily focused on usability and design
of the devicesrather than the appsthat could be used with VAAS
[1,2,6,7,10,26,27]. Thus, this study is the first to examine the
features and characteristics of hands-free commercially available
VAA appsfor health and fitness based on information available
from app marketplaces.

Methods

Selection Criteria and M ethodology

VAA apps are uniquely different from mobile phone apps, in
that the full scope of the types of interactions are not clearly
delineated by interacting with the voice interface because it
does not have the same transparency as interacting with a
physical user interface (eg, the screen of amobile phone). VAA
vendors generally provide only a few examples of invocation
commands, and there is no menu of features or functionalities
such that the user or evaluator could understand the full
spectrum of the types of commands one could ask the VAA app
or what types of information could be provided by the app.
Thus, these aspects of VAAS and voice-based interfaces do not
allow for the direct application of thetraditiona review methods
used for mobile health apps. Because there were no review
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methodol ogies specific to VAA apps, we used existing methods
for evaluating the content of mobile health apps for guidance
[17-21,28]. This study specifically focused on conducting a
descriptive content analysis based on the information provided
by vendorsto determine the types of appsrel eased in the health
and fitness categoriesfor commercially available VAAsbecause
thisistheinformation consumers use to select apps from VAA
app marketplaces.

Asof thereview date April 19, 2017, Amazon and Google were
the only companies with commercially available hands-free
VAAs (Amazon Alexa and Google Assistant). Thus, the
Amazon Alexa Skills Store website and mobile phone app (i0S
and Android) and Google Assistant mobile phone app (i0Sand
Android) were searched to determine the avail ability of eligible
voiceapps. Thefull list of categorized voice appsfor the Google
Assistant was only available through the Google Assistant
mobile phone app (i0OS and Android). There were 23 types of
VAA app categories listed on the Alexa Skills Store and 17
categories listed on the Google Assistant mobile phone app.

Inclusion criteriaincluded any VAA appsthat were categorized
by vendorsin the* health and fitness’ categories. Both Amazon
Alexaand Google Assistant have a“health and fitness’ category
for apps, and apps could be cross-listed in multiple categories;
for example, an Amazon Alexa nutrition app could be listed by
the app vendor in both the health and fitness category and the
food and drink category. For the apps meeting the inclusion
criteria, information provided by vendorswas extracted into an
evaluation form (Textbox 1). The Amazon Alexa skill release
date was retrieved from a third-party website [9,29] but was

Textbox 1. Extracted vendor information.

Chung et a

manually verified using the dates available on the Amazon Skills
Store. The Google Assistant app rel ease dateswere not publicly
available except for a press release, which listed all the apps
released as of April 19, 2017. Thus, this was the date selected
for data extraction. Figure 1 presents a flowchart for
identification, screening, and review of apps.

Analysis

A codebook of categoriesfor the type of health and fitness app,
intended age group, and the target audience was created to
evaluate each app (Table 1). Codebook development was guided
by definitions from mobile phone app reviews of app content
[18,22] because there were no VAA app reviews to use for
guidance. Intended age was used to classify the age group that
the app was designed for, and the target audience was used to
classify the population most likely to use the app or be the end
user [23]; for example, a baby monitoring app would be coded
with an intended age category of children, and the target
audience would be parents or families. If a vendor provided a
rating of “guidance suggested” or “mature,” these were coded
asfor adults because Amazon states these types of appscontain
nudity, violence, references to substance use, profanity, or
sexuality and that these apps are for adults only [23]. Google
apps did not provide any vendor ratings.

A single app could be coded into multiple health and fitness,
intended age, and target audience categories. The heath and
fitness categoriesfor baby naming, beauty tips, baby monitoring
and tracking, dog monitoring and tracking, brain training and
games, and time and task management were added during the
iterative coding process.

General information

- Appname

o Releasedate, if available

«  Costtoenableor link app to voice-activated assistant device

«  Vendor rating (mature audience or guidance suggested), if available

Vendor information

«  Name of the developer
« Hasadeveloper policy
« Hasaprivacy policy

User ratings
o Number of user reviews, if available

o User rating from 1-5 stars

Features
«  Ability to pair with a mobile phone app, website, or device
«  Description of the app

«  Example voice interaction or invocation word(s)

http://mhealth.jmir.org/2018/9/e174/
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Figure 1. Health app identification, screening, and review assessment flowchart.

Identification of hands-free voice-activated assisianis

| |
El
=
=
g
= AMAZON ALEXA GOOGLE ASSISTANT
(Devices: Echo, Dot, (Devices: Home, Home Mini,
Tap. Look, Show) Home Max)
Screening of health and fitness apps
: } |
.H
g
8
& Eligible apps Eligible apps identified
identified through through Google
Amazon Skills Store Assistant app
n=300 n=9
=
E Total number of apps included for review
2 n=30%

http://mhealth.jmir.org/2018/9/e174/

XSL-FO

RenderX

Chung et a

JMIR Mheslth Uheslth 2018 | vol. 6 | iss. 9 |e174 | p.159

(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Chung et a

Table 1. Definitions of health and fitness, target audience, and intended age group categories.

Name of Category

Definition

Health and fitness category
Air quality and monitoring
Baby naming
Baby monitoring and tracking
Beauty tips
Brain training and games
Caregiving
Diet and caloric intake
Dog monitoring and tracking
Fitness and training
Global positioning system or geographic information system
Health education
Heslth location
Health monitoring

Immunization tracking

Meditation

Mental health
Motivational
Nutrition
Pain management
Pregnancy tracking
Stress management
Sleep
Smoking cessation
Time or task management
Other

Target audience (end user)
Family
Medical professiona
Parent
Patient
Pregnant women
Women
Men
Pet owner
Student
General or not specified
Other

Intended age group

Adult?

Inform users about air condition, air quality, or pollutants

Provide suggestions for baby names

Track feeding, diaper changes, naps, or other baby and toddler events
Provide tips for beauty topics, such as hair, skin, and foot care

Contain games or tests for memory or mental awareness

Provide information for caregivers

Track calories, food, or beverage intake

Track feeding, walks, sleep, or other dog events like stools

Provide workout plans, improve physical fitness, or assist with training
Track location or assist with navigation to locations

Provide information or tips about health and wellness topics

L ocate medical resources, fitness centers, or wait times at medical facilities

Review vitd signs or labs (blood pressure, heart rate, height, weight, body
mass index, blood sugars, etc) and track medications or symptoms

Track immunizations

Provide practices or techniques to promote relaxation, build internal energy,
or mindfulness

Provide information on mental health issues, such as depression or anxiety
Provide guidance on the desire to perform a specific action or behavior
Provide advice or information on dietary topics, meal or snack planning, etc
Inform users about pain management relief strategies

Provide guidance for users who are planning or expecting to have a baby
Inform users about ways to manage stress

Inform users on ways to improve sleep or to track sleep

Provide information about smoking cessation strategies

Provide strategies for tracking or managing time and tasks

Does not fall into any of the above categories

Family relations (parents, child, extended family)
Person who provides medical care (doctor, nurse, etc)
Person with one or more children

Person seeking medical care or has amedical condition
Woman expecting a baby

For women

For men

Person with one or more pets

Person who attends an educational institution

Does not specify an intended user

Does not fall into any of the above categories

>18 years
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Name of Category Definition
Children Newborn to <18 years
Older adults =65 years
Not specified Does not specify atarget age

#The vendor rating guidelines from Amazon include the following definitions: 1) guidance suggested: may have nudity or suggestive content or require
supervision due to account linking, location detection, etc and 2) mature: content is for adults only. Any app that had a vendor rating of guidance
suggested or mature was coded as for adults. Additionally, apps that specifically mention adults in the app description were coded for adults.

Two reviewers (DS and ACG) independently coded each app
based upon information provided by vendors into one or more
health and fitness categories, intended age groups, and target
audience groups. Any discordant codes were reconciled through
discussion with a third reviewer (AEC) until consensus was
reached. Descriptive statistics were used to summarize the
number of appsin each of the health and fitness, intended age,
and target audience categories. Additionally, the interrater
agreement between primary coders was cal cul ated.

Results

Therewere 309 appsintotal that met inclusion criteriafor being
listed as“health and fitness’ apps by vendors, as seenin Figure
1. Weidentified 300 apps from the Amazon Skills Store website

Table 2. Health and fitness app characteristics®.

and Amazon Alexa mobile phone app, and 9 apps were
identified from the Google Assistant mobile phone app. Of the
9, 5 Google appswere a so availablein the Amazon Alexa Skills
Store. The percent agreement for coding between raters was
91%.

Apps reviewed had a release date between November 6, 2015
and April 19, 2017. The Google Assistant app storedid not have
any user reviews available. With respect to Amazon Alexaapps,
174 apps had user reviews with atotal of 1862 reviewsranging
from 1 to 447 reviews per app (Table 2). On average, hedth
and fitness apps were rated 2.97 out of 5 stars. All apps were
free to enable, though some required an associated account,
which may or may not charge a subscription fee. Some of the
apps could be paired with a mobile phone app, website, or a
device (56/309, 18.1%).

App characteristics Google (n=9) Amazon (n=300) Total (N=309)
Vendor ratingb, n (%)

Guidance suggested 0(0) 33(11.0) 33(10.7)

Mature 0(0) 3(L0) 3(L0)

Not available 9 (100.0) 264 (88.0) 273(88.3)
User rating (1-5 stars), n (%)

1-1.9 0(0) 41 (13.7) 41(13.2)

2-2.9 2(22.2) 41(13.7) 43(13.9)

339 6 (66.7) 30 (10.0) 36 (11.7)

45 0(0) 62 (20.6) 62 (20.1)

Not available 1(11.1) 126 (42.0) 127 (41.1)
User reviews®, n (%)

1-9 0(0) 152 (50.7) 152 (49.2)

10-99 0(0) 18 (6.0) 18 (5.8)

>100 0(0) 4(L3) 4(13)

Not available 9 (100.0) 126 (42.0) 135 (43.7)
Cost: freeto enable 9 (100.0) 300 (100.0) 309 (100.0)
Has a developer policy 5 (55.6) 64 (21.3) 69 (22.3)
Has a privacy policy 9 (100.0) 86 (28.7) 95 (30.7)
Ability to pair with a mobile phone app, website, or device 3(33.3) 53(17.7) 56 (18.1)

#There were 309 apps evaluated. Apps could be included in multiple categories and were not mutually exclusive.

bGoogle Assistant does not provide vendor ratings or user reviews. The vendor rating guidelines from Amazon include: 1) guidance suggested: may
have nudity or suggestive content or require supervision due to account linking, location detection, etc, and 2) mature: content is for adults only.
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Table 3. Number of apps by health category, target audience, and age group (N=309). Apps could be included in multiple categories and were not
mutually exclusive.

Categories Google Amazon Total
Health category
Heslth education 3 84 87
Fitness and training 3 69 72
Nutrition 0 33 33
Brain training and games 1 30 31
Health monitoring 0 25 25
Motivational 0 22 22
Meditation 0 16 16
Other 0 15 15
Health location 0 15 15
Stress management 0 12 12
Global positioning system or geographic information system 0 9 9
Diet and caloric tracking 0 9 9
Sleep 0 8 8
Mental health 0 7 7
Air quality monitoring 1 6 7
Baby monitoring and tracking 0 5 5
Smoking cessation 1 5 6
Baby naming 2 3 5
Caregiving 0 4 4
Time and task management 1 2 3
Pregnancy tracking 0 3 3
Dog Monitoring and tracking 0 2 2
Beauty tips 0 2 2
Immunization tracking 0 1 1
Target audience
General or not specified 5 261 266
Patients 1 32 33
Parents 2 14 16
Family 1 13 14
Medical professionals 0 6 6
Pregnant women 0 4 4
Pet owners 1 2 3
Women 0 2 2
Other 0 1 1
Men 0 0 0
Intended age
Not specified 8 249 257
Adults 0 42 42
Children 1 9 10
Older adults 0 1 1
http://mhealth.jmir.org/2018/9/e174/ JIMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 [e174 | p.162
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Collectively, 10.7% (33/309) of appswere rated by the vendors
as “guidance suggested” and 1.0% (3/309) were rated as
“mature.” Furthermore, 30.7% (95/309) of apps had a privacy
policy, and 22.3% (69/309) had a developer’s policy for terms
of use.

The most frequently occurring types of health and fitness VAA
apps were health education (87), fithess and training (72),
nutrition (33), brain training and games (31), health monitoring
(25), mativational (22), and meditation (16), as seen in Table
3. The most common target audience (population that would
use the app) was genera or not specified (266), followed by
patients (33), parents (16), and families (14). In terms of the
intended age group, 257 apps did not have age specified, and
there were 42 apps focused on adults, 10 focused on children,
and 1 focused on older adults (Table 3). The majority of
Amazon's apps coded for adults were rated by the vendor as
mature or guidance suggested (36/42, 85.7%).

Discussion

Principal Findings

In this study, which is the first to report an analysis of VAA
apps for hedth and fitness, we found that although the
marketplace appeared to have many appsin these topical areas,
there were mainly apps that focused on either health education
or fitness and training and many did not seem to actualy have
a clear health or fitness focus at all (eg, baby naming). These
apps were mostly targeted toward adults and general audiences
with only afew apps specifically geared toward older adults or
those with disabilities. However, these are the populations that
may potentially benefit the most from VAA technologies
[8,10,15]. Strikingly, very few apps were categorized as care
giving or targeted specifically toward patients, caregivers, or
medical professionals, yet these populations could be supported
by VAAs, for example, the use of non-commercial VAASs in
assisted living facilities has been associated with higher quality
of living and improved recovery from illness [6,10].
Additionally, VAA apps that focus on socia interaction and
support, communication, care coordination, reminders, remote
monitoring, locating providers, and scheduling appointments
and transportation could be potentially impactful for both
patients and their caregivers, but there are currently limited
VAA apps available for these purposes. The main potential
barriers to advancing the use of VAA apps for health are the
restrictions and limitations for publishing VAA apps in the
marketplace, security and privacy issues, and the credibility of
these apps.

Health Monitoring

Our analysisreveaed therewas only alimited number of health
monitoring apps (25). Thismay be, in part, dueto therestrictions
within Amazon and Google policiesfor publishing health-rel ated
apps. Amazon does not allow apps to be certified for releasein
the app store if the app “collects information relating to any
person’s physical or mental health or condition, the provision
of health care to a person, or payment for the same;” “does not
include adisclaimer in the skill description stating that the skill
is not a subgtitute for professional advice;” and “claims to
provide life-saving assistance through the skill or in the skill
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name, invocation name, or skill description” [30]. Thus,
associated mobile phone apps could be used to collect health
datato be reviewed within the VAA app, but the VAA app does
not ask the user to directly document health data, such as blood
pressure readings, using the voi ceinterface. Google advisesthat
“hedlth care providers, health plans, or hedth care
clearinghouses wishing to develop an action should be aware
that Google is not able to commit that the actions on Google
platform meet the requirements of the Health Insurance
Portability and Accountability Act (HIPAA) or other relevant
legal provisions[31].” Thereisno specific information regarding
HIPAA on the Amazon website. More clarity and guidance in
interpreting policy restrictions would help developers better
understand what is possible and alowed for release to the
market; for example, it is unclear whether biometric data
collected outside of the VAA via a wearable device or mobile
phone app but not directly captured by the VAA is alowable
under Amazon’s restrictions. Ultimately, HIPAA will need to
be addressed if health data are collected via VAAs and
integrated into electronic health records similar to other
patient-generated health data from devices. These restrictions
may be barriersto actualizing the potential benefits of leveraging
VAAs for health care because VAAS could be used to collect
health data for remote monitoring and to deliver care.

Security and Privacy

Only asmall proportion of vendors provided privacy (95/309,
30.7%) or terms of use (69/309, 22.3%) policies (Table 2).
Although voice recognition technologies could potentialy
restrict access to a specific person, an unauthorized user could
still gain access to account information. Google Assistant was
the first to distinguish between various users’ voices and
provides different levels of security accessto the Google Home
device through multiple user accounts. Amazon recently
followed with asimilar feature.

There are a number of potential security and privacy issues
when using VAAs. However, customers may not recognize or
realize the security or privacy implications of using VAA
devices. Both the Amazon and Google voice-activated devices
remain in a passive listening state for a specific keyword or
“wake” word to activate the device to begin recording and
transmitting audio; for example, Burger King revealed a
vulnerability of VAA devices when their television
advertisement stated the wake word for the Google Assistant
(“OK, Google™) and asked a question about the Whopper [32].
Additionally, because voice is a unique identifier, users should
be concerned about how VAA companies collect, store, analyze,
or sharethisinformation. These privacy issueswere highlighted
when prosecutors issued a warrant to obtain audio recordings
from a murder suspect’s Amazon Echo device [33]. Although
Amazon did not provide the recordings in this case and cited
first amendment protection over the information gathered and
sent by the device, this highlighted the fact that Amazon VAA
devices record and store data. Amazon and Google Home
devices have a button that can be pressed to “mute”’ the device
from listening, but instruction manuals do not have explicit
language describing that the devices are aways listening and
that they are recording and storing audio. Both Amazon and
Google VAA devices permit the user to delete search histories
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and audio recordings but discourage the user from doing so as
it will limit personalization. The feature to delete recordings
may also not be apparent to users, and it is also unclear how
long recordings are stored for. Moreover, these devices can
access other accounts, which could contain private information;
for example, Google Home can be enabled to access your
calendar, email account, and shopping accounts, which raises
additional security and privacy issues. Therefore, it is vital to
have vendor transparency about when a user’s voice data are
stored and transmitted and to whom and what audio and other
dataare recorded and stored either on the device or in the cloud
and for how long.

Developer Platformsand Application Programming
I nterfaces

Figure 2 shows that there has been a steady increase in health
and fitness apps released by Amazon since 2015 [9,29]. The
addition of the Alexa SkillsKit (June 2015), aself-service API
that contains a collection of tools and sample code, likely
contributed to this increase because it took some time for a
developer community to become established. Google Assistant
released its APl in December 2016. Although our search
returned only 9 Google Assistant apps, there may be an uptick
in release of apps over time as their developer platform and
community matures. Only 18.1% (56/309) of apps examined
in this study could be paired with awebsite, app, or device, but
this is likely to expand as smart health and home devices
continue to emerge (Table 2). Providing an open ecosystem
with devel oper platforms and APIs accel erates the adoption and
use of devices and the development of apps, thereby expanding
the customer and market base for VAAs. Thus, future VAA
devices should consider providing these self-service toals.

Chung et a

Credibility

Both Amazon and Google provide only limited information
about each VAA app or its features and functionalities. Similar
to mobile phone apps, it is difficult to determine the credibility
and value of the content of apps based solely on vendor
descriptions; for example, it would be difficult for a customer
to determine whether health care systems, hospitals, or providers
endorsed or developed the apps unless it was explicitly noted
in the app name, such as the Boston Children’s Hospital’s
KidsMD app. It is aso unclear whether apps were devel oped
with user-centered design principles or evidence-based
guidelines or materials, particularly for health education
materials. For health-focused appsthat “...meet the regul atory
definition of a device but pose minimal risk to patients or
consumers, the Food and Drug Administration (FDA) exercises
enforcement discretions...” and does not expect manufacturers
to register and list their apps with the FDA [34]. Additionally,
FDA does not deem entities that distribute mobile phone apps
to be medical device manufacturers. Although there are no
explicit comments from FDA regarding VAAS, it is likely that
the regulations related to mobile phone apps would be applied
similarly to VAA apps.

Traditionally, the devel opment of health mobile phone apps has
lacked stakeholder involvement [17,18,26], which has
contributed to high rates of app abandonment due to lack of
usability and poor user experience. Design and usability
principles should also guide VAA app development and be
focused on the distinct challenges and benefits of interactive
voice-based user interfaces.

Figure 2. Total number of Alexaskillsreleased over time (Alexa Skills Kit application programming interface released June 2015).
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Tointegrate VAASsinto health care, the design of voice-enabled
user interfaces must consider the various needs of the end user,
the setting (eg, background noise and multiple users of asingle
device in a home, such as the patient, their caregiver, home
health nurse, etc), and the unique privacy and security issues
that come with using these devices that are always listening in
the background. With advancements in speech recognition and
algorithms that enhance accuracy, VAA apps can become more
sophisticated to recognize and respond to a diverse realm of
users[3].

The trandation of voice to text through speech recognition
provides an opportunity to track and understand patient
interactions and behaviors, though the integration and
interoperability of the data, particularly with the electronic
health record and patient portal, have not yet come to fruition
but have much promise. Within health care, VAAs must take
into account the context of the person to offer timely,
appropriate, and valuable feedback, including the ability to
understand speech, provide meaningful feedback, and generate
accurate results. VAAs are adso limited in their ability to
complete complex tasks because users must rely on working
memory instead of being ableto visually browse through aWeb,
tablet, or mobile phone interface for cues and assistance [35].
Thus, a combination of user interactions with both VAA and
mobile phone or tablet could help end users navigate more
complex tasks.

Aswelearn more about how people useand interact with VAAS
and the shortcomings of VAAS in terms of unmet needs or
expectations, app designers, developers, and researchers can
start to customize user experiences that align more closely to
user needs and enhance usability. An exploratory ethnographic
analysis of user reviews from Amazon Echo and Dot revealed
a number of concepts around user experience, such as health
care-related workarounds, quality of life improvement and
physical disability, companionship, and benefits to health care
[12]. A deeper understanding of the way patients potentially
utilize VAAs for health and fitness could also help provide
potential use cases for future app development and refinement
of app functionality. The aforementioned challenges are
important opportunities for future research.

Limitations

There are afew limitations to our study. First, the authors only
examined apps published in the “health and fitness’ category,
though there may potentially be other health-related apps that
exist inthe“smart home,” “food and drink,” or other categories
in the Amazon Skills Store and Google Assistant websites or
apps. Apps are released, modified, updated, and discontinued
on aregular basis. As a result, there may be apps that were
reviewed in this study that are no longer available, and there
may have been modifications in app descriptions since data
extraction. Authors also relied solely on information published
by vendors on the Amazon Skills Store and Google Assistant
websites and apps. Thus, it is possible that the features listed
may not be present in the actual app, which isnot auniqueissue
to our study but app stores in general. Moreover, user reviews
and star ratings may change over time as additional users make
submissions. Aswith other customer reviews and ratings, these
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VAA reviews and ratings may not be representative of the
quality of the apps because they may not reflect the actual
content or usability of these VAA apps. Despite these
limitations, our study is the first to review health and fitness
apps for VAAs and contributes toward an understanding of the
characteristics of health and fithess apps available for
commercialy available, hands-free VAA.

Implications

Thereare anumber of key implications of thisresearch. Because
the VAA app marketplace is till evolving, a cursory look
through the names of available apps may suggest that thereiis,
in fact, a growing number of VAA apps focused on health and
fitness. However, this impression is misleading, and our study
findings provide a clearer picture of the number and scope of
VAA apps available, which are predominantly focused on
fitness, training, and health education. Understanding what is
availablein the marketplace also helpsto illuminate where there
may be ahealth or fitness use case or need but no apps currently
available.

Additionally, we found that most apps are focused on general
audiencesthan on specific health use cases. In generd, the VAA
app market does not contain as much health-focused content in
comparison to the mobile health app market, where chronic
disease, monitoring, and self-management apps have
proliferated. In particular, VAAs offer advantages when
compared with the physical user interfaces of computers and
mobile devices (tablets and mobile phones) because voice is
used for interactions with the app. This could improve
accessibility for those with limited sight, physical limitations,
limited literacy, and limited computer proficiency. VAA apps
could also be used asavehicleto deliver clinical and behavioral
interventions, as a data collection tool for research, and to
deliver health care, but these are also currently lacking in the
marketplace.

To evolve the current market, privacy, security, and HIPAA
compliance need to be addressed along with lessening the
stringent requirements from publishers such that health care
and direct health monitoring could potentially be enabled or
delivered via hands-free VAASs. It isalso likely that support for
integration with apps that run on other platforms (phones,
tablets, Web, medical devices, smart home devices, etc.) will
be important to overcome some of the limitations of VAA
technologies highlighted in this paper, to enhance the user
experience, and to leverage the opportunities that stem from
voice-based user interfaces. Additionally, because there is
usually a proliferation of apps when there are APIs and
developer platforms available, their availability will also be
critical to encourage innovation and a strong user base and to
enable researchers to develop VAA apps for interventions and
for facilitating data collection.

Conclusions

The emerging market of health and fitness apps for hands-free
VAAsis till nascent and mainly focused in the areas of health
education and fitness. As with other health technologies, the
usability and credibility of health apps are critical to ensuring
adoption and long-term use. Further work is necessary to
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evaluate the usefulness, usability, user experience, quality, usability. It will aso be imperative to understand workflow
privacy, and security implications of VAA apps. Futureresearch  barriers and facilitators required to optimally integrate VAAs
should also consider the development of an evaluation method  into clinical care contexts and within patients’ homes and lives
for VAA apps given the unique nature of the voice interface, and to determine the acceptability and feasibility of deploying
such that the content of the apps can be assessed for quality and  VAAs for health care use cases.
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Abstract

Background: Most people living with HIV (PLWH) reside in middle- and low-income countries with limited access to health
services. Thus, cost-effective interventions that can reach alarge number of PLWH are urgently needed.

Objective: The objective of our study was to assess the feasibility and acceptability of an mHealth intervention among PLWH
in China.

Methods: Based on previous formative research, we designed an mHealth intervention program that included sending weekly
reminders to participants via text messages (short message service, SMS) and articles on HIV self-management three times a
week viaapopular social mediaapp WeChat. A total of 62 PLWH recruited from an HIV outpatient clinic were randomly assigned
to intervention or control group. The intervention lasted for 3 months, and al participants were assessed for their medication
adherence, presence of depression, quality of life (QoL), and CD4 (cluster of differentiation 4) counts. Upon completing the
intervention, we interviewed 31 participants to further assess the feasibility and acceptability of the study.

Results: At baseline, the intervention and control groups did not differ in terms of demographic characteristics or any of the
major outcome measures. About 85% (53/62) of the participants completed the i ntervention, and they provided valuabl e feedback
on the design and content of the intervention. Participants preferred WeChat as the platform for receiving information and
interactive communication for ease of access. Furthermore, they made specific recommendations about building trust, interactive
features, and personalized feedback. In the follow-up assessment, the intervention and control groups did not differ in terms of
major outcome measures.

Conclusions: Thispilot study representsone of thefirst effortsto develop atext messaging (SMS)- and WeChat-based intervention
that focused on improving the medication adherence and QoL of PLWH in China. Our dataindicatesthat an mHealth intervention
is feasible and acceptable to this population. The data collected through this pilot study will inform the future designs and
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implementations of mHealth interventionsin this vulnerable popul ation. We recommend more innovative mHealth interventions
with rigorous designs for the PLWH in middle- and low-income countries.

Trial Registration: ChineseClinical Trial Registry ChiCTR1800017987; http://www.chictr.org.cn/showprojen.aspx ?proj=30448
(Archived by WebCite at http://www.webcitation.org/71zC7Pdzs)

Registered Report lentifier: RR1-10.2196/

(JMIR Mhealth Uhealth 2018;6(9):€10274) doi:10.2196/10274

KEYWORDS

mHealth; social media; medication adherence; people living with HIV; randomized controlled tria

Introduction

Most people living with HIV (PLWH) reside in middle- and
low-income countries [1]. Delivering effective interventionsto
this vulnerable and stigmatized population remains a critical
public health challenge. In recent years, mobile-based
interventions, or mHealth interventions, have emerged as a
promising solution to deliver health services to PLWH. For
example, the WelTel program in Kenya sent short message
service (SMS) text messages to PLWH, and this resulted in
improved antiretroviral therapy (ART) adherence [2]. A recent
Cochrane review has identified 17 SMS text message
interventions to promote medication adherence, most of which
have shown initial potential [3]. However, of the existing
mHealth interventions that promote ART adherence among
PLWH in middle- or low-income countries, only few have
employed a rigorous design (eg, randomized controlled trial,
RCT) or assessed the quality of life (QoL) measuresand clinical
outcomes such as CD4 (cluster of differentiation 4) counts of
these people.

Morethan 64% of theworld’s popul ation ownsamabile phone,
and in several high- and middle-income countries, a majority
of the population owns asmartphone [4]. Because of this, there
has been agrowing interest in delivering mHealth interventions
via social media such as Facebook and mobile apps [5-8]. Ina
recent review of social media interventions that deliver HIV
services, out of the 26 studiesidentified, 18 were conducted in
high-income countries, 8in middle-income countries, and none
in low-income countries. Furthermore, of the 26 studies, only
1 wasdesigned to improve ART adherence and noneto promote
the QoL of PLWH [8].

Asthemost populous country in theworld, Chinahas 1.3 billion
mobile phone users, with a 95% penetration rate[9]. More than
740,000 PLWH livein China; they face ahigh level of stigma,
and the prevalence of depression in this group is high [10].
Although Facebook and Twitter are not accessible in China,
Chinese people are active on other social mediaplatforms. With
more than 570 million users, WeChat isthe most popular social
media platform in China; 93% of the residents in the major
cities of China log into WeChat every day [11]. Recently,
WeChat-based behavioral interventions have shown feasibility
and acceptability [12,13]. The high ownership rates of maobile
phones and wide popularity of WeChat suggest a promising
platform to deliver low-cost interventions to the stigmatized

http://mhealth.jmir.org/2018/9/€10274/

population of PLWH. Although HIV-related mHealth
interventions have amassed growing interests and have shown
initial potential globally [5,6,8], the use of such programs has
been limited in China despite the high rates of mobile phone
use and access to social media. Recent reports on mHealth
interventionsfor HIV-affected populationsin Chinawere either
study protocols [14,15] or the delivery of SMS text messages
only [16]. There are few mHealth interventions for PLWH in
Chinathat have been tested with rigorous design. Accordingly,
we developed one of the first mHealth (WeChat+SMS text
message) interventionsto improve the ART adherence and QoL
of PLWH in China and pilot-tested its feasibility and
acceptability via an RCT. We hypothesized that the mHealth
intervention would be feasible for and acceptable to PLWH in
China

Methods

Study Setting

This study was conducted in a hospital that has been offering
services to PLWH in alarge metropolitan areain South China
from October 2016 to March 2017. The hospital serves more
than 14,000 patients with HIV in the region.

Intervention Program

The development of the intervention program was guided by
the information-motivation-behaviora skills model [17], the
literature of mHealth interventions, and our formative research.
Theinitia intervention protocol was developed based on prior
mHealth interventions to improve medication adherence in
PLWH [2,18,19] and our earlier studies in this population
[20,21].

The final intervention program consisted of two major
components. Thefirst component wasweekly SMStext message
greetings and reminders regarding medication adherence and
regular exercise. The second component consisted of short
aticles on side effect management, medication
self-management, stress management, and healthy lifestyle,
which were sent via WeChat three times a week. Detailed
information on the contents of the articles is shown in Textbox
1. To track patient engagement, the participants would receive
3 multiple choice questions on the information about the articles
every other week on WeChat; for example, “what does good
medication adherence mean?’ with 4 options (>80%, >85%,
>90%, and >95% adherence to the prescribed medication).

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 [€10274 | p.170
(page number not for citation purposes)


http://dx.doi.org/10.2196/10274
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Textbox 1. Times and titles of articles sent to the participants in the intervention group.
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Week 1

«  Common health problems after infection |

o Common health problems after infection |1

«  Treatment adherence—key to living a hedlthy life

Week 2
. How to exercise scientificaly |
«  How to exercise scientifically Il

«  Takeyour medicine on time—key to medication adherence

Week 3
«  How to have healthy babies for HIV-seropositive men?
«  Knowledge about DTG, anew drug

«  Something important for men who have sex with men

Week 4
«  Whento begin HIV treatment, sooner or later?
«  Tothosewho are depressed

«  Tipson how to quit smoking

Week 5

«  Health issues on Pneumocystis carinii pneumoniaand lactic acidosis

« Mylife, my choice

« Healthissues on bones

Week 6
«  Thingsyou need to know about taking medicine |
«  Things you need to know about taking medicine 1

«  Common side effects of medication

Week 7
« |l amHIV positive—can | drink alcohol?
«  What isdrug resistance?

«  Consequences of poor medication adherence

Week 8

« Tipsfor HIV-positive patients on physical checkup |
«  Tipsfor HIV-positive patients on physical checkup Il
. Hishedthy life: astory of an HIV-positive man

Week 9
«  Tipsabout taking medicines
«  What to do when you are upset

. Loveyoursdf, love your family

Week 10
. Tipsfor psychological adjustment
« A brief introduction to opportunistic infection |
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«  Why you need to take medicine on time every day?

Week 11

o Disclosure of HIV status |
« Disclosureof HIV status 1
« Disclosure of HIV status 11

Week 12
«  Improve your mood, live healthier
«  Tipsfor pregnant women and lactating women

« A brief introduction to opportunistic infection 11

Comparatively, the control group received articles on nutrition
sent via WeChat three times aweek. Each article typically had
1200 Chinese characters and took 3-5 minutes to read through
for both intervention and control groups. All the articles were
adopted from the authoritative websites of the World Health
Organization (WHO) and China's Centers for Disease Control
and Prevention and adapted for PLWH in China.

Participant Recruitment

Thefollowing werethe digibility criteria. The participant should
be (1) at least 18 years old, (2) HIV seropositive, (3) on HIV
treatment for at least 1 month, and (4) able to read and write.
Patients with severe mental illnesses that prohibited them from
participating in such intervention were excluded. We recruited
participants from the outpatient clinic of the hospital described
above. Our research staff approached patients in the waiting
areas and invited them to participate in our research project.
Those who were interested were taken to a private space for
further explanation of the project. Those who met theinclusion
criteria and were willing to participate signed an informed
consent form before completing a baseline survey. All eligible
participantswere provided with free breakfast (milk and bread)
upon compl etion of the baseline survey. The study protocol was
approved by the Human Subjects Review Board of the School
of Public Health, Sun Yat-sen University.

Randomized Controlled Trial Design

Theintervention wasdelivered asasingle-blinded RCT. A total
of 62 eligible participants completed the baseline survey and
were randomly assigned to the intervention or control group.
To ensure that the two groups were balanced in terms of
confounding factors, block randomization using SAS statistical
software version 9.4 (SAS Institute, Inc., Cary, NC, United
States) was conducted [22]. During the 12-week program,
participantsin theintervention group received atotal of 12 SMS
text message reminders and 36 WeChat articles. Meanwhile,
participants in the control group received atotal of 36 WeChat
articles, however, they did not receive a SMS text message
reminder. Following the HIV/AIDS treatment standard in China,
all patients visited their primary health care providers in the
designated hospital every 3 monthsfor medication refilling and
CD4 testing; thus, we conducted a follow-up survey when the
participants returned to the hospital for their medical visit 3
months after the baseline.

http://mhealth.jmir.org/2018/9/€10274/

Outcome M easures

All the participants completed the baseline and follow-up
surveys using tablets while waiting for their appointments in
the outpatient clinic. The survey covered thefollowing domains:
participants demographic characteristics, medication adherence,
mental health, and QoL. Along with patients’ consent, we also
obtained data on their CD4 counts from their medical records
asabiomarker. Medication adherence was the primary outcome;
CD4 count, depression, and QoL were secondary outcomes.

The demographic characteristics of the participants included
age, gender, educational level, marital status, sexua orientation,
income, and residence (rura or urban). Medication adherence
was assessed using the question “In the last 30 days, have you
ever missed taking any dose of your HIV medication?’ We
categorized adherence as abinary variable named “ ever missed
medication in previous 30 days.” Participants depression was
measured using the Center for Epidemiological Studies
Depression Scale, Chinese version [23,24]. The Cronbach apha
of the scale was 0.9. The total score ranged from 0 to 60 (2-36
in this study); patients with a score of 216 were considered to
have depressive symptoms. The QoL was measured using the
31-item WHO Quiality of Life HIV short form [25]. The total
scoreranged from 24 to 120 (55-120 in this study); the Cronbach
alphawas 0.88.

Evaluation of the Feasibility and Acceptability of the
Study

We conducted semistructured interviews to collect data on the
feasibility and acceptability of theintervention and interviewed
atotal of 31 participants from both the intervention and control
groups upon completion of the intervention. The participants
were chosen to represent different demographic groups. They
were asked about their experience with the intervention,
including the design and implementation, and their
recommendations on how to improve the program. All
interviews were audiotaped and transcribed for content analysis.

Data Analysis

For the outcome measures of the pilot study, we used the SAS
statistical software to perform the anaysis. First, we used
descriptive statistics to analyze the participants' characteristics
and primary outcomes. Second, we used t test (for normally
distributed continuous variables), Mann-Whitney U test (for
nonnormally distributed continuous variables), and chi-square
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test (for categorical variables) to compare the demographic
characteristics and primary outcomes between the intervention
and control groups at baseline and follow-up. Third, we used t
test to compare the pre-post changes between the intervention
and control groups. A two-sided P value < 0.05 was considered
statistically significant. In total, 85% (53/62) participants
finished both the baseline and 3-month follow-ups. For
postintervention and pre-post analyses, only 53 participants
were included.

For the qualitative data collected from postintervention
interviews, we used Nvivo version 10.0 (QSR International Pty
Ltd. Doncaster, Victoria, Australia). All audiotaped interviews
were transcribed verbatim. Data analysis was started with
reading and rereading the transcripts, followed by open-coding
the transcripts. Detailed summaries with substantial retention
of origina quotes were prepared to facilitate further discussion
and elaboration among team members. Coding themes and
domains were developed by constant comparisons of codes
across transcripts and consensus among team members. Coding
themes were further analyzed in the original transcripts for
consistency and accuracy. Quote excerpts and summaries were
then categorized according to participants characteristics and
coding domains; they were further compared and reviewed for
interrelationships and correspondence. A summary report was
generated from the qualitative dataanalysis. Thisreport covered
the themes developed in the interview guides as well as new
themes identified during the coding process. Each theme was
explained using detailed excerpts and summaries of participants
characteristics.

Results

Baseline Characteristics of the Participants

A total of 62 participants completed the baseline survey; of
them, 90% (56/62) were male. The mean age of the participants
was 28.3 (SD 6.1) years. Among the participants, 76% (47/62)
were gay or bisexual, 81% (50/62) had attained high school
education or higher, only 8% (5/62) were married, 47% (29/62)
were living in urban residences, and only 36% (22/62) had a
monthly income >7000 yuan (the average monthly income in
Guangzhou being 7425 yuan) [26]. The mean duration since
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HIV diagnosiswas 2.7 years. Asshown in Table 1, at baseline,
there were no significant differences between the intervention
and control groups in terms of demographic characteristics as
well as outcome variables of medication adherence, mental
health, QoL, and CD4 counts.

Primary and Secondary Outcomes

Table 2 shows the primary and secondary outcome measures
at follow-up and the pre-post changesin these outcomes between
the intervention and control groups. There were no significant
differences in terms of the primary and secondary outcomes
between the intervention and control groups at follow-up. In
addition, none of the changes in the primary outcomes were
statistically significant between the two groups.

Feasibility and Acceptability

Figure 1 shows the flowchart of the pilot study. Of al the
participants, 85% (53/62) completed the intervention and
finished the follow-up survey. Upon completion, 50% (31/62)
of the participantswere selected for postintervention interviews,
with 54% (17/62) being from the intervention group and 46%
(14/62) from the control group. They shared the following
feedback: (1) The participants were, in general, satisfied with
the program and appreciated being cared for. (2) They liked the
articles sent to their WeChat account more than the SM'S text
message reminders. The participants preferred information that
was moretailored for the different groups of PLWH, was more
personalized, and provided more social support. The biweekly
guestions to check their reading of the articles were additional
burdens for them. (3) The participants were more willing to
follow an advice only after having built a trusting relationship
with the research staff. They preferred having more interactive
communicationswith the research staff. (4) Asmost participants
had maintained good medication adherence, they were more
interested in information to improve their QoL, especialy the
strategiesto reduce anxiety and depression. (5) The participants
made specific suggestions regarding the design and content of
the WeChat-based program, for example, WeChat-based
appointment system and testing result notification and
multimediafunctionsto deliver audio- or video-based interactive
programs. Table 3 showsthelist of some sample responsesfrom
the interviews about feasibility and acceptability.
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Table 1. Participants' characteristics and primary outcome measures at baseline.

Characteristics Total (n=62) Intervention group (n=31)  Control group (n=31) P vaue
Age (years), mean (SD) 28.3(6.1) 29.2 (6.5) 27.4(5.7) 26
Gender, n (%) .20
Male 56 (90) 26 (84) 30(97)
Female 6 (10) 5(16) 1(3)
Education, n (%) >.99
<High school 12 (19) 6 (19) 6 (19)
>High school 50 (81) 25 (81) 25 (81)
Sexual orientation, n (%) >.99
Heterosexual 15 (24) 7(23) 8(26)
Gay or bisexual 47 (76) 24 (77) 23(74)
Marital status, n (%) .35
Married 5(8) 4(13) 1(3)
Unmarried 57 (92) 27 (87) 30(97)
Residence, n (%) .20
Urban residence 29 (47) 17 (55) 12 (39)
Rural residence 33(53) 14 (45) 19 (61)
Monthly income (yuan), n (%) .30
<3000 15 (24) 5 (16) 10 (32)
30007000 25 (40) 14 (45) 11 (35)
>7000 22 (36) 12 (39) 10 (32)
Duration since HIV diagnosis (years), mean (SD) 2724 31(22) 2.3(2.5) 24
CD42 cell counts (cells/L), median (interquartilerange) 392 (277-517) 380 (283-542) 414 (260-513) .89
Missed medication within the last 30 days, n (%) 5(8) 3(10) 2(6) >.99
Depression, mean (SD) 16.9 (9.4) 15.8 (9.4) 18.0(9.3) 36
Quality of Life (total scores), mean (SD) 83.4(12.7) 84.3(14.2) 82.6 (11.2) .60

aCD4: cluster of differentiation 4.

Table 2. Postintervention endpoint analyses and pre-post analyses of the primary outcomes.

Characteristics Total (n=53) Intervention group (n=26)  Control group (n=27) P vaue
CD42 cell counts (cells/L), median (interquartilerange) 399 (270-564) 379 (254-570) 401 (272-524) .89
CD4 change (cells/pL), mean (SD) 5(111) 11 (122) 0(101) 71
Missed medication within the last 30 days, n (%) 3(6) 2(8) 1(4) .39
Depression, mean (SD) 16.7 (10.1) 15.5 (9.1) 17.9 (11.1) 38
Changesin depression change, mean (SD) -0.28 (8.15) -0.42 (7.04) -0.15(9.22) .90
QoLP, mean (SD) 82.2 (13.7) 85.0 (13.2) 79.5 (13.8) 15
Changesin QoL, mean (SD) -2.1(9.9) -0.7 (10.6) -35(9.3) 32

8CD4: cluster of differentiation 4.
bQoL: Quality of Life.
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Figure 1. Flowchart of the pilot study.

100 patients screened for eligibility

38 excluded
26 refused to participate

12 did not meet the inclusion

62 randomized

31 randomized to receive 31 randomized to receive
mHealth intervention standard care
v l
5 discontinued the intervention 4 discontinued the intervention
\ A l
26 included in the analysis 27 included in the analysis

Table 3. Summary of the qualitative analysis on the feasibility and acceptability evaluation.

Domains Feasibility and acceptability assessment questions  Typical answers

WeChat versusshort How do you like the articles sent viaWeChatand «  “I think they are helpful, | learned alot about the disease that | had
message service reminders via SM S text messages? not known before.”

(SMS) text messages «  “All of my friends are using WeChat instead of short message now.

So | prefer the articles sent via WeChat.”

Content of thearti-  What topics are you most interested in? o “I follow thelatest progress of HIV treatment.”
cles « “l have been feeling awful since| realized | wasinfected. | feel my
lifeis ruined. Anything to help me feel better would be helpful .”
« “Inmy opinion, the articles are not very targeted. If you can tell us

something specific for us gay patients, it will be useful”

Format or styleof ~ What kind of format or style of thearticlesdoyou «  “Thereistoo much information on theinternet. Sometimesit can be
the articles like? very confusing. | hope the articles can be professional and authorita-
tive”
«  “Wel, reading words is kind of boring, it'd be better if | can listen
toit, and video would be perfect.”

Intervention adher-  To what extent did you read the articlesand mes-  «  “| use WeChat every day; reading articles on WeChat is convenient
ence sages? for me, so | read most of them. But | often missed messagesviaSMS
as | do not use SMS much. Questions you asked are difficult for me.
If | do not know the answer immediately, | do not answer them.”
o “I havesubscribed many Subscription Accounts; they send mearticles
every day, so | do sometimes miss some of your articles.”

Satisfaction Are you satisfied with our intervention? o “Of course, | am so pleased that someonelike you cares about people
like me”
Suggestions Do you haveany suggestionsfor our mHedthinter- «  “If | can make an appointment and get my testing results viathe
vention? system, it will save me alot of time”
o “l didn't have any motivation to read your articles. Maybe you can

have more appealing titles for your articles.”
« “Repeated messages became burdens. | do not trust machine. What
| really need are communication and interaction with real people.”
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Discussion

This pilot study represents one of thefirst effortsto develop an
mHealth intervention for improving medication adherence in
and QoL of PLWH in China. The outcome analyses indicated
nonsignificant results in this study. Studies on prior SM S text
message-based interventions to improve medication adherence
in PLWH in middle- and low-income countries have mostly
reported nonsignificant results, with few studies reporting
significant viral suppression [8,27]. Thefollowing reasons might
explain the nonsignificant results observed in this pilot study.
First, a ceiling effect existed in the primary outcome of ART
adherence; 92% of the participants had good adherence at
baseline. Such high adherence rate might be due to the fact that
64.5% (40/62) of the participants were men who have sex with
men (MSM) aged under 30 years, with amean age of 28.3 years,
and 38.7% (24/62) participants had attained college education
or higher. The characteristics of our participants, being young
and highly educated, were similar to those of the participants
in earlier studieson MSM in China, a group with high rates of
medication adherence [28]. Second, in the RCT, the control
group received HIV-related nutrition information at the same
frequency as the intervention group. Their feedback after the
project has suggested that they were very interested in such
information, and they became more cautious of their HIV
self-management including medication adherence. Third, we
observed a limited interaction between health care providers
and patients as well as among patients during the intervention.
Thus, the intervention mostly took effect at anindividual level,
with minimal effects at health care and community levels.
Fourth, our SM S text message+WeChat systems could not track
whether the participants had actually opened or read the
information sent by us. Thus, we could not measure patient
engagement or intervention exposure. From the postintervention
feedback, we learned that some participants did not read all the
articles sent by us, suggesting the need for better content design
and innovative strategiesto track and engage participants. Last,
the small sample size of the pilot study might limit the power
to detect significant differences hypothesized by us.

Despite these nonsignificant effects, this study showed
feasibility and acceptability of the mHealth intervention in
PLWH in China. Patients generally welcomed articles sent via

Acknowledgments

Guo €t al

WeChat and made specific recommendations to improve the
intervention design and implementation. For example, they
preferred receiving information via WeChat instead of SMS
text messages; they welcomed more appealing design with
multimedia functions. Furthermore, they expressed a strong
need for programs that help combat depression and anxiety.

Based on the data collected from the pilot study, we proposed
the following modifications for mHealth interventions for
PLWH. First, the programs need to address the primary concern
of the participants. For example, for PLWH in urban areas in
China, poor mental health is the primary challenge that they
face on a daily basis. It should be a priority in future health
services provided to PLWH. Second, mHealth programs must
go beyond traditional usability design and be more user centered.
Because most mobile phone users are overloaded with
information, the user experience is critical. For example, more
tailored design with personalized feedback must be utilized.
Third, theory-guided and evidence-based mHealth interventions
should aso incorporate tracking systems to measure user
engagement and intervention exposure. Fourth, when testing
the intervention, we need to recruit a diverse sample of PLWH
of different age groups, educational levels, and transmission
modes. Fifth, building a trust-based relationship between the
participants and research staff of the program through
personalized interactive communication is important for
intervention adherence and participant retention. Finally, the
efficacy trial must have a sufficient sample size and multiple
follow-ups for the observation of intervention effects [29].

With the high penetration rates of mobile phones, mHealth
interventions for PLWH have become more popular [3,26,30].
To date, the evidence on the effectiveness of mHealth
interventions to promote medication adherence in PLWH has
been preliminary [14,18,19,31,32] and the clinical evidence
about viral suppression has been minima [7,8,27]. The
experiences from this study provided valuable inputs on the
design and implementation of mHealth interventionsfor PLWH
in middle- and low-income countries. Our team has revised the
intervention protocol based on the experience from this pilot
study, and a larger RCT is underway. We call for more
evidence-based mHealth interventions with rigorous designsto
serve the vulnerable population of PLWH in middle- and
low-income countries.
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Abstract

Background: Pre-exposure prophylaxis (PrEP) provides a strong preventative benefit to individuals at risk for HIV. While
PrEP adherenceis highly correlated with its efficacy, adherence rates are variable both across and within persons.

Objective: The objective of this study was to develop and pilot-test a smartphone-based intervention, known as mSMART, that
targets PrEP adherence. mSMART provides contingency management in the form of monetary incentivesfor daily PrEP adherence
based on areal-time adherence assessment using acamera-based medi cation event-monitoring tool aswell as medication reminders,
PrEP education, individualized behavioral strategies to address PrEP adherence barriers, and medication adherence feedback.

Methods: This was a 4-week open-label, phase | trial in a community sample of young men who have sex with men already
on PrEP (N=10).

Results: Although adherence composite scores corresponding to PrEP biomarkers indicated that 90% (9/10) of the sample
already had an acceptable baseline adherence in the protective range, by the end of the 4-week period, the scores improved for
30% (3/10) of the sample—adherence did not worsen for any participants. Participants reported mean PrEP adherence rates of
91% via daily entries in mMSMART. At the end of the 4-week period, participants indicated acceptable ratings of satisfaction,
usability, and willingness to recommend mMSMART to others. There were no technical difficulties associated with smartphone
compatibility, user misunderstandings about MSMART features that interfered with daily use, or study attrition.

Conclusions: This study is the first to apply contingency management to PrEP adherence. Findings indicated that mMSMART
isfeasible and acceptable. Such an adherenceintervention administered viaauser-friendly smartphone app can allow for widespread
dissemination. Future efficacy trials are needed.

Trial Registration: ClinicalTrials.gov NCT02895893; https.//clinicaltrials.gov/ct2/show/NCT02895893 (A ccessed by Webcite
at http://lwww.webcitation.org/72JskjDJq)
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Introduction

Pre-exposure prophylaxis (PrEP) in the form of tenofovir
disoproxil fumarate and emtricitabine is a highly effective tool
to prevent HIV infection [1-9]. However, adherence rates to
this once daily medication are highly variablein clinical trials,
ranging from 12% to 82% [4,10-15]. This is particularly
significant for HIV prevention because the effectiveness of oral
PrEP is strongly associated with sustained adherence [3,4,16].
Among thosereceiving PrEPin a72-week open-label extension
trial, HIV incidence significantly dropped from 4.7 infections
per 100 person-years if the drug was not detected in blood to
2.3, 0.6, and 0.0 infections per year if blood levels correlated
with participants’ taking lessthan 2 tablets per week, 2-3 tablets
per week, and >4 tabl ets per week, respectively [3]. Young men
who have sex with men (MSM) are particularly at risk for HIV
and could therefore benefit from PrEP. MSM represent just 2%
of the US population but account for 67% of all new HIV
diagnoses, which is driven in part by increased rates in young
MSM [17]. In conjunction with trials indicating that younger
participants, including MSM, are less likely to be adequately
adherent to PrEP [3,18,19], interventions that target PrEP
adherence are needed.

Despite the importance of PrEP adherence, there are few
empirically supported interventions targeting adherence. One
pilot trial indicated that a cognitive behaviora intervention,
including 4-6 face-to-face sessions, improved PrEP adherence
among MSM in comparison to a time-matched control
intervention [20]. Although such interventions are promising,
easily disseminated and wide-reaching interventions that
maintain fidelity to rigorousintervention protocols may further
enhance effortsto promote PrEP adherence. Smartphones offer
such a platform for personalized and flexible interventions to
improve health outcomesthat can be administered in auniform
and user-friendly format [21]. Smartphones are used by an
increasing segment of the US population (eg, 77% owned one
in 2016 up from 35% in 2011) [22]—people who carry
smartphones generally have them within reach and switched on
at al times [23]. However, despite the fact that there are more
than 800 medication adherence apps for arange of conditions,
only a few have been widely studied [24]. Although some
research is beginning to investigate the use of daily texting to
support PrEP adherence [25], a smartphone app targeting HIV
prevention that includes PrEP screening [ 26], and asmartphone
app that incorporates PrEP adherence among MSM in an
ongoing trial [27], to our knowledge, there are no published
studies on medication adherence smartphone apps for PrEP.

Contingency management, administered via smartphones, may
be a promising intervention approach for improving PrEP
adherence. Contingency management is a behavioral
intervention that uses systematic reinforcement dependent on
the occurrence of a specific behavior and is effective in
improving adherence to medicationsfor arange of medical and
psychiatric conditions[28]. Contingency management has been

http://mhealth.jmir.org/2018/9/e10456/
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used to successfully improve adherence to antiretroviral
medi cations among HIV-positive and HIV-exposed individuals
[29,30], but it has yet to be examined as an intervention for
PrEP adherence.

The aim of this study was to develop and pilot test a
smartphone-based contingency management intervention, known
as mMSMART, that targets PrEP adherence. In addition to
contingency management, mSMART provides medication
reminders, PrEP education, individualized behavioral strategies
to address PrEP adherence barriers, and medication adherence
feedback. MSMART &l so assesses adherencein real timeusing
a camera-based medication event-monitoring tool. This was a
4-week open-label, phase | trial. We examined the feasibility
and acceptability of mMSMART in a sample of young MSM
prescribed PrEP in a community setting.

Methods

Participants

Inclusion criteriawere male at birth, age 18-30 years, self-report
having sex with men in the last 6 months, self-report being
currently prescribed and taking PrEP for HIV prevention,
English speaking, and own an Android or aniPhone compatible
withthe mSMART smartphone app. Exclusion criteriaincluded
significant medical or psychiatric conditionsthat may interfere
with study participation (eg, suicidality) or being unable to
attend both study visits. There were no inclusion or exclusion
criteria pertaining to the amount of time participants were
prescribed PrEP prior to enrollment. Participants were recruited
via community advertisements and word of mouth.

A total of 27 screens conducted over the phone were held, and
14 individuals were invited for the baseline assessment.
Individualswere not invited for abaselinevisit for thefollowing
reasons. they did not respond to phone messages (n=2), they
did not meet the age inclusion criterion (n=5), they were not
currently prescribed PrEP (n=2), they self-reported HIV-positive
status (n=1), they did not live close enough to attend |aboratory
visits(n=2), and they werenot male (n=1). Among the 14 invited
individualsfor abaseline visit, 2 participants did not attend the
visit. A total of 12 participants were consented, but 10
participants were included in this analysis; 2 participants had
baseline tenofovir (TFV)/TFV-diphosphate (TFV-DP) levels,
indicating that they were not taking PrEP, as seen in Figure 1.
We decided to exclude these 2 participants from the analysis
post hoc because, in contrast to thefinal sample of 10, we could
not verify that these participants were ever prescribed PrEP
using our biomarker analysis. Furthermore, there was concern
about the validity of the self-report data these participants
provided. For example, both participants stated that they were
on PreP for the past 8 and 9 months and self-reported only
missing doses approximately 12 and 2 times over those time
periods, respectively. This contrasted with the biomarker
analysis that indicated that they had no detectable levels of
TFV/TFV-DP.
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Figure 1. Sample recruitment and participation flowchart. TFV: tenofovir, TFV-DP: tenofovir-diphosphate.
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Procedures and M easures

In total, 2 laboratory visits were required: baseline and
follow-up. Participantswere provided the m\SMART smartphone
app on their smartphone and asked to use it daily during the
4-week period between visits.

Baseline Visit

After obtaining theinformed consent, participant demographic,
medication, and medical and psychiatric history information
were collected in a paper-and-pencil format to characterize the
sample. Additional questionnaires were administered via a
Web-based survey tool during the visit to further characterize
the sample. The 6-item Risk Behavior Assessment for MSM
[31] recommended by the Centers for Disease Control and
Prevention [32,33] was administered to assess HIV risk over
the past 6 months. The 9-item Patient Health Questionnaire-9
[34] was used to assess depressed mood over the past 2 weeks.
Substance use was assessed using the 10-item Drug Abuse
Screening Test [35] and the 10-item Alcohol Use Disorders
Identification Test [36]. The number of perceived barriers to
PrEP adherence was assessed using the 20-item Adherence
Starts with Knowledge questionnaire (ASK-20) [37]—the
original version of this scale was modified to inquire about PrEP
specifically. This measure was used to characterize perceived
PrEP adherence barriers at baseline as well as an outcome
measure to compare with follow-up visit ratings.

http://mhealth.jmir.org/2018/9/e10456/
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At the conclusion of the baseline visit, the study participants
were registered with the mSMART app by the study team on a
securewebsite[38] and the app was downloaded by participants
from the appropriate app distribution platform for their operative
system (eg, Apple Store, Google Play). Participants received
brief instructions from an experimenter on the functions of
MSMART. Overal, the basdlinevisit took approximately 90-120
minutes to complete.

Follow-Up Visit

The ASK-20 questionnaire modified for PrEP was
readministered. Treatment acceptability ratings were provided
by participants based on responsesto individual items examining
overall satisfaction with mSMART (ie, “What wasyour overall
satisfaction with mSMART?"), mSMART usability on adaily
basis (ie, “How usable was MSMART on a daily basis?’),
difficulty learning how to use mMSMART (ie, “How difficult
was it to learn how to use mMSMART?’), willingness to
recommend mMSMART to others (ie, “Would you recommend
MSMART to afriend who istaking amedication?’), and overall
user-friendliness of MSMART (ie, “How user-friendly was
MSMART?") on a Likert scale ranging from 1 (not at all) to 4
(extremely). These items were administered in an in-person
interview format and were adapted from our past use of asimilar
scale [39]. The System Usahility Scale (SUS) [40] was
administered via a Web-based survey tool as a measure of
treatment acceptability. SUS is a 10-item scale that assesses
responses on a 5-point Likert scale with scores ranging from 0
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to 100. Semistructured exit interviews were also conducted for
qualitative analysis of participant experiences and perceptions
of MSMART. Interview questions addressed topics such as
MSMART design features, navigation, barriers to use, and
features that facilitated regular use similar to other studies
examining participant experience with smartphone-based
interventions (eg, [41]).

Participants also completed predetermined tasks within the
smartphone app during the follow-up study visit following
guidelines from another smartphone app development study
[41]. An experimenter sat next to the participant, provided
instructions on 6 different tasks, and recorded the time to
complete each task. These 6 tasksinvolved (a) taking a picture
of their medication, (b) changing the reminder time for daily
dosing, (c) checking how much money was earned using the
smartphone app, (d) checking for any questions prompted by
MSMART, (€) looking up adetail about medication side effects,
and (f) looking up a second detail about medication side effects.
The time recorded for each task was based on the first attempt
to complete it.

Bioanalytical Adherence Assessment

Blood sampleswere collected at both the baseline and follow-up
visits to assess for biomarkers of PrEP adherence. The blood
sampleswere used to assess the concentrationsof TFV in plasma
and intracellular TFV-DP in the upper layer packed cells both
to characterize basdline levels and as a comparison with the
follow-up assessment level s using methods previously described
by Adams et a [42]. These levels were used to develop a
semiordinal composite adherence score over the past 4 weeks,
ranging from O (low or no doses of drug identified: no detectable
TFV and <10,000 fmol/mL TFV-DP) to 5 (good adherence:
>10 ng/mL TFV and >1,000,000 fmol/mL TFV-DP) [15]. A
score of 4 (ie, 4-5 doses per week) or 5 (approximately daily
dosing) istypically considered asthelevel of adherence at which
PrEP is efficacious among MSM [43].

Figure2. mSMART home screen.
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MSMART [ ntervention

MSMART was devel oped through amultistage processinitially
as a smartphone app for medication adherence for cigarette
smokers during quit attempts [44]. It was adapted for PrEP by
the research team for this study. The adaptation of mSMART
for PrEPwasinformed by studies on adherence barriersin PrEP
trials(eg, [45-48]) and feedback from expertsworking with and
developing interventions for individuals at risk for HIV. The
Information, Motivation, and Behavioral Skills (IMB) model
[49], which conceptualizes heal th behavior change as aproduct
of mediators, including information about the behavior,
motivation to change, and behavioral skills, guided the
refinement of mMSMART for PrEP. For example, Information
(the first IMB model component) was conveyed through an
interactive daily question-and-answer format involving PrEP
and HIV knowledge as well as self-assessments of general
medication adherence difficulties (seethe SMART Desk feature
described below). Information was aso provided about
adherence with mMSMART via visual feedback about logging
doses each day (see the Treatment Progress feature described
below). Motivation (the second IMB model component) to
adhere to PrEP was provided in the form of contingent
reinforcement when doses were logged dailly and daily
medication reminders (seethe Medication Aide feature described
below).

Behavioral Skills (the third IMB component) were taught by
MSMART with behavioral skill instruction on how to improve
adherence (eg, how to remember to take a daily dose if
forgetfulness is a barrier to adherence) and how to cope with
short-term side effects that may deter daily adherence (see the
Adherence Strategies and Coping Strategies features described
below). The IMB model has been used to guide the devel opment
of numerous HIV prevention interventions and encapsulates
other theoretical HIV risk reduction models (eg, [50]).

Medication Aide

{

mSMART

Adherence Strategies

Prescription & Doses Treatment Progress

SMART Desk

7

Coping Strategies

2
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MSMART was used by participants over a 4-week period
between the baseline and follow-up visits. mMSMART is
composed of 6 different components, as seen in Figure 2, that
target medication adherence.

Table 1 summarizes the 6 different components of mSMART.
The Medication Aide component of mMSMART included the
contingency management procedures. Upon receiving their daily
PrEP reminder notification, participants touched the Medication
Aide icon and were then directed to enter a dose of PrEP that
they were either about to take or had already taken. In either
case, as long as participants reported taking their daily dose of
PrEP within 2 hours of their predetermined dosing time each
day (dosing times were selected by participants), they received
reinforcement. A fixed-ratio schedule of reinforcement was

Mitchell et al

adopted. Participants received feedback that they earned US $2
every timethey logged adose (whether using the camerafeature
or manually) within a 2-hour window of their daily dosing.
Feedback about money earned upon taking their daily dose was
provided immediately by mSMART. Over the 4-week period,
participants could earn up to US $56. Participants could opt to
receive the money that they earned in accordance with the
contingency management procedures weekly or at the end of
the 4-week intervention period.

Data Analysis

Adherence Outcomes

Perceived and objective PrEP adherence outcomes were assessed
viachange scores on A SK -20 and medi cation adherence scores

based on TFV/TFV-DP, respectively.

Table 1. Description of mMSMART features.
MSMART feature

Description

Medication Aide Participants used this feature to enter adose of PrEP? that they were either about to take or had already taken. If aparticipant

indicated that he was about to take his daily PrEP dose, the camera-based medication event-monitoring tool was activated.
Thisinvolved taking the participant to another screen that prompted him to touch apill icon that would open up the camera
feature on his phone. The mMSMART app would automatically take a picture and would take approximately 5-10 sto focus
on the pill the participant was holding in his hand—a feedback bar indicating progress was provided over the top portion
of the picture. For this study, these pictures were not examined by the study team or saved, although mSMART has that
capability. If participants had already taken their daily dose of PrEP, they would manually enter when they took their
daily dose of PrEP.

SMART Desk This component was an interactive space where mSMART prompted brief daily surveys (ie, 1-4 questions per day pertaining
to knowledge or concerns about PrEP, knowledge about HIV, and general medication use concerns or problems). These
questions were phased out after any 7-day window only if participants were achieving 100% adherence by logging daily
PrEP doses in that window, but were resumed if a dose was not logged. For participants who were not logging all daily
PrEP doses, they continued to receive daily questions from the SMART Desk. Notifications informing participants of

missing a PrEP dose were also provided through the SMART Desk.

This component described behavioral strategies to address PrEP adherence barriers identified in the literature [45-48].
These strategieswere prioritized in list form based on responses from participantsin the SMART Desk and could be accessed
at any time by clicking on the Adherence Strategiesicon. For example, if a participant indicated he did not have difficulty
remembering to take daily PrEP doses but had a relatively poor understanding of how PrEP prevents HIV on previous
SMART Desk questions, the Adherence Strategies component presented educational information about how PrEP prevents
HIV before presenting behaviora strategies to help the participant remember to take his medication. Thus, adherence
strategies were individualized based on participant responses in the SMART Desk.

Adherence Strategi e

Coping Strategies This feature listed common PrEP side effects. Participants could access alist of side effects at any time and click on any
to view strategies to mitigate them. The most common side effects reported in the literature (eg, upset stomach, headache,

and vomiting [32,33]) were included.

Prescription and Doses ~ With this feature, the participants were able to set up their preferred time to receive medication reminders. Participants

could change this setting at any time and therefore could modify it on daysthey anticipated taking PrEP at adifferent time.

Treatment Progress This feature provided feedback about the participant’s overall PrEP adherence in the form of percentage of days they
logged a dose (within the 2-h window) within the Medication Aide feature. Participants could also click on this feature to

see how much money they had earned based on the contingency management procedures.

8PrEP: Pre-exposure prophylaxis.

bOther examples of adherence strategies that this mMSMART component addresses include strategies to organize materials to take medication daily,
ways to remember to take medication, education about different aspects of PrEP (eg, explaining why daily adherence isimportant, describing a typical
medical visit schedule once on PrEP, and addressing concerns regarding possible long-term health effects of PrEP), financial aspects related to being
on PrEP, information about communicating with health care workers about PrEP and sexua behavior, and eliciting support from family and friends to
support PrEP adherence. In addition to accessing adherence strategies by clicking on the Adherence Strategies icon, participants were automatically
routed to specific Adherence Strategies from the SMART Desk after completing the questions in the SMART Desk. For example, if the SMART Desk
asked about remembering to take medi cation, the participant would be routed to astrategy within Adherence Strategies to address medi cation forgetfulness.
This routing occurred regardless of the response selected with the intent to increase exposure to a variety of adherence strategies, which was balanced
against personalized presentation of strategies based on SMART Desk responses described above.

http://mhealth.jmir.org/2018/9/€10456/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 [€10456 | p.184

(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Treatment Feasibility

Feasibility was assessed in the following ways:. study attrition
rate and any smartphone-mSMART compatibility incidents,
daily engagement with mSMART, time needed to compl ete the
predetermined tasks on MSMART, and number of prompts
(initiated by either the participant or the experimenter) to assist
participants in completing the tasks.

Treatment Acceptability

Acceptability was assessed in multiple ways. First, responses
toindividual treatment acceptability questions about m\SMART
(ie, overal satisfaction, usability on a daily basis, difficulty
learning MSMART, willingness to recommend mSMART to
others, and overal user-friendliness) were descriptively
analyzed. Second, SUS scores at or above 68 were considered
as acceptable [51]. Third, we considered responses to
semistructured exit interviewsfor quditative analysis. Interviews
weredigitally recorded, transcribed, and qualitatively analyzed.
Qualitative analysis involved identification of categories that
emerged. These categories were identified through an iterative
process following procedures similar to those involved in our
past qualitative approaches [52,53]. That is, an initia list of
anticipated categories based on the study team’s experience
with mMSMART in other populations and separate experiences
with young MSM. These categories were subsequently refined
based on one of the authors' experience conducting the exit
interviews and reading all interview transcripts. Another rater
then read through the transcripts to comment on the category
descriptionsand identify any additional categoriesnot previously
considered. Next, both raters identified any discrepancies in
category identification, reconciled these discrepancies, and
finalized the categories. Following this process, the 2 raters
separately read through the transcripts (n=5 per rater) in a
Microsoft Word document and identified category endorsements
for each participant. Each interview excerpt that was identified
with a category endorsement was transferred to an Excel
document so that frequency counts for particular categories
could be summed across the full sample. We have adopted
similar procedures in past studies [52]. Interrater reliability
between raters was assessed on a subset of interview excerpts.
Kappa coefficient between raters was .90 when determining
whether a category should be endorsed.

Results

Sample Characteristics

The sample (N=10) contained predominantly white (n=7) and
highly educated (n=7) participants, earning at least an
undergraduate degree. The average number of months on PrEP
was 8.3 with use ranging from 0.5 to 12 months. All but 1
participant reported being on PrEP for at least 5 months. Each
participant exceeded the MSM Risk Index Score of 10 used to
evaluate appropriateness for PrEP [32,33], indicating high risk
for HIV. In addition, participants yielded low scores for
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depressed mood, drug use, and alcohol use (see Table 2 for a
summary).

Adherence Outcomes

Objective Adherence

PrEP composite adherence scoresbased on TFV/TFV-DPvalues
indicated that PrEP adherence increased for 30% (3/10) of the
sample and did not change for 70% (7/10) of the sample. For
participants who did not indicate any change, PrEP adherence
scores were already at a level considered efficacious (ie, =24
doses per week) at baseline. Among the 3 participants whose
PrEP adherence scoresincreased, 1 had a baseline score below
what is considered efficacious. No PrEP composite adherence
scores decreased. Table 3 provides the baseline and follow-up
scores.

Perceived Adherence

The perceived number of barriers to PrEP adherence was
measured using the modified ASK-20 at baseline and follow-up.
A comparison of scoreswithin participantsindicated an increase
in the number of perceived barriers for 1 participant. This
participant indicated on an ASK-20 item that his belief that
PrEP was helpful in reaching his overall health goals had
decreased. However, 3 participants indicated that the number
of barriers they perceived to PrEP adherence decreased,
including barriers associated with the financial cost of PrEP.
Therewas no changein modified ASK-20 scoresfor 50% (5/10)
of the sample. One participant did not complete the modified
ASK-20 at follow-up.

Treatment Feasibility

There was no study attrition. Furthermore, there were no
smartphone-mSMART incompatibility events in which the
MSMART app was not able to function on astudy participant’s
phone. In terms of daily engagement with mSMART,
participants logged a PrEP dose in MSMART (using either the
camera-based medi cation event-monitoring tool or manual entry
option) 91% of the time over the 4-week intervention period,
as seen in Figure 3, with the mean amount earned per
contingency management guidelines being US $53 per
participant. Among these logged doses in mSMART, 88%
involved the use of the camerabased medication
event-monitoring tool, as seen in Figure 4. Overall, 40% (4/10)
of the sample did not miss any days logging a PrEP dose in
MSMART. An additional 40% (4/10) did not log a PrEP dose
in MSMART between 1 and 5 days while in the study. Among
the remaining participants, 1 did not log a PrEP dose for 6 days
and the other did not log a PrEP dose for 12 days. Furthermore,
70% (7/10) of the sample responded to al of the mMSMART
daily surveys. During the follow-up study visit, all participants
were able to complete each of the 6 predetermined tasks on
MSMART without any prompts (initiated by either the
participant or the experimenter). The amount of time it took to
compl ete these tasks was 5.39 seconds (average across all tasks;
see Multimedia Appendix 1).
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Table 2. Sample characteristics (N=10).
Characteristic Vaue
Age, mean (SD) 24.10 (2.38)

Race, n (%)

Black 0(0)
White 7 (70)
Asian 2(20)
Multiracial 1(10)
Ethnicity, n (%)
Hispanic 0(0)
Not Hispanic 9(90)
Not reported 1(10)
Education, n (%)
High school graduate 1(10)
Partia college 2 (20)
College graduate 5 (50)
Postgraduate studies 2 (20)

Employment status, n (%)

Full-time 3(30)

Part-time 2(20)

Assistance 0(0)

Unemployed 1(10)

Dependent or student 3(30)

Not reported 1(10)
Salary range, n (%)

US $0-$10,000 3(30)

US $10,000-$25,000 3(30)

US $25,000-$50,000 0(0)

US $50,000-$75,000 2(20)

>US $75,000 1(10)

Not reported 1(10)
Months prescribed PrEP? mean (SD) 8.30 (3.45)
MSMP Risk Index Score®, mean (SD) 21.50 (5.48)

Smartphone, n (%)

iPhone 9(90)

Android 1(10)
Patient Health Questionnaire-9, n (%)

Minimal depression (scores=0-5) 9(90)

Mild depression (score=6) 1(10)

Drug Abuse Screening Test, n (%)
None 7 (70)
Low 3(30)
Alcohol Use Disorders|dentification Test, n (%)
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Characteristic Vaue
Low risk 10 (100)

3PrEP: Pre-exposure prophylaxis.
M SM: Men who have sex with men.

©100% of the sample exceeded the cut-off score of 10 and therefore are recommended to evaluate for PrEP per Centersfor Disease Control and Prevention
guidelines [32,33].

Table 3. Frequency of pre-exposure prophylaxis (PrEP) composite adherence scores at study baseline and follow-up visits.

Composite score? Baseline (%) Follow-up (%)
0 0(0) 0(0)

1 1(10) 0(0)

2 0(0) 0(0)

3 0(0) 0(0)

4 8(80) 7(70)

5 1(10) 3(30)

8Composite scores were based on concentrations of tenofovir (TFV) in plasma and intracellular TFV-diphosphate (TFV-DP) in upper layer packed
cells. Scores assess adherence in the past 4 weeks, ranging from 0 (low or no doses of drug identified) to 5 (good adherence). A score of 4 (ie, 4-5 doses
per week) or 5 (approximately daily dosing) is typically considered as a good level of adherence in which PrEP is efficacious. Because 1 participant
was on PrEP for only 2 weeks, the baseline visit adherence score for this participant could have been artificially lower as aresult of taking PrEP for a
shorter duration in comparison to other study participants (ie, al other participants reported being on it for at least 5 months). However, this participant
yielded a baseline adherence score of 4, indicating an adequate level of protection since starting on PrEP and that his score was likely not artificialy
lower.

Figure 3. Percentage of time the individual participants logged a dose in MSMART using either the camera-based medication event-monitoring tool
or manual entry option.
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Figure 4. Percentage of time the camera-based medication event-monitoring tool was used among participants when they logged adosein mMSMART.
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Treatment Acceptance: Quantitative Analysis

In-person interview items at the follow-up visit indicated that
the mean rating on ascale of 1 (not at all) to 4 (extremely) for
overall satisfaction with mSMART was 2.80 (SD 0.63),
MSMART usability on a daily basis was 3.50 (SD 0.53),
willingnessto recommend mSMART to others prescribed PrEP
was 2.70 (SD 0.82), and user-friendliness of MSMART was
2.80 (SD 0.79). Participants also indicated that difficulty
learning how to use MSMART was 1.20 (SD 0.42).

On the SUS, with total scores ranging from 0 to 100, the mean
scorewas 68.25 (SD 15.10). Using ascore of =68 as an indicator
of MSMART user-acceptability, 60% (6/10) of the sample met
this cut-off.

Treatment Acceptance: Qualitative Analysis

We classified participant comments about mMSMART into the
following 6 different categories: (1) mMSMART features that
were liked or disliked, (2) daily mSMART use, (3) MSMART
aesthetics, (4) learning how to use MSMART, (5) mMSMART
features that should be added, and (6) the likelihood of using
MSMART. The first 4 domains were further subdivided into
comments that were either positive or negative feedback about
MSMART (see Multimedia Appendix 2 for a summary of
endorsement rates across domains).

MSMART Features; Liked and Disliked

The majority of the sample, 8 participants, commented on
features that they both liked and disliked, and the other 2
participants commented only on featuresthat they liked and did
not report any didikes. Particular mMSMART features that were
most frequently mentioned included using the camera feature
(5 participantsliked, 2 participants disliked, 2 participants both
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liked and disliked, and 1 participant did not comment on this
feature), receiving daily questions (5 participants liked, O
participants disliked, 3 participants both liked and disliked, and
2 participants did not comment on this feature), and receiving
medication reminders (5 participantsliked, 1 participant didiked,
1 participant both liked and disliked, and 3 participants did not
comment on this feature), for example, when asked about his
overall impression of MSMART, 1 participant responded in the
following way about the medication reminders:

| think [MSMART] is helpful, | mean, becauseit also

offers some useful information on Truvada and, uhh,

the most important thing is it offers reminders and |

mean, at least for now, | still need the reminder to

remind me to take my medication. Before | started

using this app...it'sreally easy to forget every day.
Another participant commented on how the daily questions
from the SMART Desk were helpful asfollows:

[MSMART] figured out what | struggled with by the
questions.

Although some participants indicated that they both liked and
disliked the camera feature, most of the comments about
disliking the camera feature actually involved initia difficulty
learning how to usethisfeature, for example, 1 participant stated
the following:

I think there were like, especially in the first week,
there were four or five times | would try to take a
picture of the pill and it went straight to uhhh, it
wouldn't, it didn’t read it. And mainly it was times
when | was taking the picture and it was too dark,
right? | wasjust like in my roomin the morning and
didn’t have any lightson, or in our kitchen and it was
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just really dark. And that was frustrating. Umm, it
wasn't so, | mean it was a minor inconvenience in
the grand scheme of the world, right?

After describing thisinitial experience with the camerafeature,
this participant went on to say,

Personally, | definitely think that taking a photo was
good.

Other participantsindicated that the camerafeature helped with
consolidating memories to increase confidence that they took
their medication, for example,

...using the camera like, really forced meto useit and
kind of was a mental check guard for myself to make
sure | took the medication...Like | was telling you
that, I'm like, did | take the pill? Was it yesterday
when | was going to work? Or was that today? And
so [inaudible] taking the picture at 5:37, like | did
do it today. So I'm not confused. | know when | took
it, and that was today.

The money earned in accordance with the contingency
management procedures was not among the mSMART features
that participants considered to find helpful, that is, only 4
participants indicated liking the contingency management
payment feature of MSMART; 2 participants said that it was
not a helpful feature in adhering to PrEP and another 4
participants indicated that they neither liked nor disliked this
feature.

Daily Use: Facilitators and Barriers

Four participants commented on factors that facilitated
successful daily use of mMSMART, whereas 6 participants
commented on factors that both facilitated mMSMART use and
barriersto mMSMART use. The most frequently endorsed factor
facilitating daily mSMART use (7 participants) was using it at
the time they received a medication reminder. For example, 1
participant stated the following:

| pretty much only used it when | needed to log my,
umm, medication, which was at night.

Regarding barriers to daily use, the most frequently identified
feature was that the speed of MSMART was too slow (ie, time
to transition from one screen to the next or to perform a
function) and was therefore a barrier to use (2 participants):

So, sometimes when you click on the medic—, like
the camera function, it takes a second and then it'll
go, umm, and then it | take a minuteto get to the next
slide and the next screen or whatever you want to call
it, which isfine, but I'mjust saying like for someone
who is going to use it every day and does not have
the incentive of here's...money at the end of thetrial,
you know what | mean? It could be, people could,
someone might get frustrated.

MSMART Aesthetics: Liked and Disliked

An equal proportion of participants either commented that they
disliked mMSMART aesthetics (4 participants) or both liked and
disliked the aesthetics of the app (4 participants); the other 2
participants commented either only on aestheticsthat they liked
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(n=1) or did not comment about aesthetics at all (n=1). The
most frequently identified aesthetic that was disliked was how
the content was displayed in text format (7 participants), for
example,

| would go to some of the coping strategies just to
like look through them, and | would say, like, you
open it, and there's kind of just a large block of
text—that might be a little intimidating....on the one
hand | thought it was helpful because it felt like a
pretty clinical tone, umm, like from a healthcare
provider, like in a good way. Like, if that's what you
want, you know, if you want that...But, then sometimes
| was thinking that maybe | would want a more just
like afriend...

The most frequently identified aesthetics that was liked wasthe
overall design of MSMART (4 participants), for example,

| thought it was pretty well-designed. And | guess,
yeah, | mean it was clearly laid out to me. Umm, the,
like the functions, like everything opened when you
tapped it. There was no like glitch, there was no, the
camera, everything worked.

Similarly, another participant stated the following about the
design when asked:

I like the simple breakdown into the six different
sections, | think that’s what makes it user-friendly.
Umm, | mean, it's easy to follow when you go into
like the different coping strategies and whenever you
try to highlight the hyperlinks are really easy to kind
of delineate what you're looking for.

Learning How to Use MSMART: Easy and Difficult

Although 9 participants indicated that learning how to use
MSMART was easy, 1 participant indicated that it was difficult.
Typical comments about learning how to use mSMART
included

| think the app is actually pretty, uhh, like
user-friendly. It doesn't, it doesn't take a whole lot
of learning.

Features of mMSMART That Should Be Added

In total, 90% (9/10) of participants commented on features of
MSMART that they thought should be modified. The most
commonly endorsed feature that should be added was a snooze
option for medication reminders (4 participants), for example,
when discussing modifying the alarm feature of MSMART, 1
participant suggested the following change:

Almost like on your phone if you snoozed or
something...If something happens, it will alert you
again....to physically turn it off almost.

Likelihood of Using mMSMART

The mgjority of the sample, 9 participants, commented on how
they thought mSMART would be most appropriate for
individuals either just starting PrEP or those who have PrEP
adherence problems. In particular, 6 participants—all of whom
reported taking PrEPfor at least 5 months—commented on how
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it would have been helpful to use mMSMART when they began
taking PrEP. For example, 1 participant commented the
following on how mSMART would have been helpful when
starting on PrEP:

| do think, likethefirst two months probably would’ ve
been the time this app would’'ve been the most
helpful...Cause there were also times that | straight
up, like | forgot if | had taken it or not; in that first
month.

Another participant spoke less about hisown initial difficulties
with PrEP adherence but spoke more broadly about individuals
initiating PrEP as follows:

...as more and more people learn about it and find
out about it that information might be less, so that
there might be more questions about understanding
side effects, especially in thefirst month whereyou're
most likely to have side effects. So like, | think that
[is] where it can be useful. So like figuring out how
do | cope with these side effects? Are they going to
go away? What's the duration?...Umm | think, one
thing | can imagine is like, you know, suppose that
when you're first starting your medication, you're
less likely to have a routine, so you're more likely to
miss a dose, and in some cases you might wonder,
well like what, let's say | usually take my dose at 8
in the morning and its 3 in the afternoon, and | just
realized | didn’'t take my pill, should | take my pill or
not? That'sa question that | think people might have,
and your doctor may or may not have given you
guidance on what to do in that situation...So, that's
an area where | can imagine the role this app can
fill.

Discussion

The large-scaleimplementation of PrEPisan ongoing challenge
that requires diverse models of delivery addressing multiple
facets of the PrEP continuum of care [54,55]. This study was a
4-week pilot trial of MSMART as a mobile heath PrEP
adherence intervention. Adherence outcomes, treatment
feasibility, and treatment acceptability were examined in 10
young MSM already prescribed PrEP in the community.
Findingsfrom thistreatment devel opment study are preliminary
but yield promising results and indications for treatment
refinement for future efficacy trials.

PrEP adherence outcomes were measured both objectively and
subjectively. For the former, PrEP composite adherence scores
based on TFV/TFV-DP were examined. Although baseline
scores indicated a high level of adherence prior to using
MSMART with 90% (9/10) of the sample was at or above a
level of PrEP adherence considered as efficacious and therefore
aceiling effect would likely occur, 30% (3/10) of the sample’s
scores improved at follow-up. In addition, no composite
adherence scores worsened over the course of the study. Our
use of biomarkers as an adherence outcome is a strength given
that there is substantial within-subject variability in adherence
based on the measurement method selected among individuals
on PrEP [56]. Alternative methods such as self-report [57] and
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electronic pill bottles [58] among young MSM have noted
limitations. In terms of a future direction, because PrEP
adherence scores showed an already high rate at baseline, future
studies are needed that would address whether mSMART
improves PrEP adherence among those with a poor medication
adherence history and whether this impact on adherence is
clinically significant.

The subjective measure of adherence was an adapted medication
guestionnaire measuring perceived PrEP adherence barriers
administered at baseline and follow-up. Although 50% (5/10)
of the sample did not report any change in barriers to PrEP
adherence, 30% (3/10) reported a decrease in barriers and 10%
(1/10) reported an increase in barriers. Participants who reported
a decrease in barriers indicated that factors such as barriers
associated with the financial cost of PrEP; the participant who
reported an increase in barriers indicated that the belief that
PrEP was hel pful in reaching overall health goals had changed.
Although these changesin perceived barriers (either increasing
or decreasing) emerged, future studies that include a control
condition are needed to address whether these changes occurred
because of MSMART or other factors. Overall, across the
methods of adherence examined in this study, thefindingswere
relatively consistent.

MSMART feasibility was positive as evidenced by 0% (0/10)
study attrition, the absence of any smartphone incompatibility
events, and daily engagement with mSMART. Regarding daily
engagement, we looked at the rates of logged PrEP doses and
the proportion that responded to all of the mSMART daily
surveys. Using either the camera-based medication
event-monitoring tool or the manual entry option within a2-hour
window of when participants identified the time they should
take their PrEP pill, the overall adherence rate was 91%.
Although contingency management guidelines in this tria
considered a medication event as valid either if there was a
picturetaken of the PrEP pill or if it was entered retrospectively,
a more methodologically rigorous contingency management
approach would require an objective assessment of behavior
that does not rely on self-report (eg, use of the camera-based
medi cation event-monitoring tool only). Given that the majority
of times medication adherence was reported via mSMART
involved camera-based entries (88%), a more rigorous
contingency management intervention appearsfeasiblein future
MSMART studies. In terms of responses to daily surveys on
MSMART, 70% (7/10) of participants responded to all of the
guestions.

Feasibility was also examined by measuring the time it took
participantsto complete different taskson mMSMART. Although
there is no standardization of scores on these tasks (ie, the
number of seconds to complete each task within mSMART),
the performance on these tasks can inform treatment
development efforts, such as determining whether basic
procedures within the smartphone app are understood and can
be executed independently [41]. In this sample, no prompts
were requested by participants and the majority of tasks (92%,
55/60 tasks completed across the whole sample) were carried
out in 10 seconds or less, which indicated that mMSMART was
afeasible tool for young MSM on PrEP.

JMIR Mhealth Uhealth 2018 | val. 6 | iss. 9 |€10456 | p.190
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Acceptability of mMSMART was examined with mixed results.
Ratings on a 4-point Likert scale indicated that participants on
average “moderately” agreed that mSMART was usable on a
daily basis and somewhat less than “moderately” agreed that
overal, they were satisfied with mSMART as an intervention
to improve PrEP adherence, they would be willing to
recommend MSMART to others on PrER, and it was
user-friendly. Difficulty learning how to use MSMART was
minimal. SUS indicated that 60% (6/10) of the sample found
themSMART intervention to be usable. Although asamplesize
of 10 is small, guidelines for SUS indicate that it measures
perceived usability of asystem with asmall sample around this
size[59,60].

Qualitative analyses of exit interviews were conducted to
complement the quantitative analyses of acceptability and
examined aspects of mMSMART that could be maintained,
discarded, or adapted in future iterations. Although some
features of MSMART were generally perceived favorably (eg,
use of reminders, the camera feature, and daily questions),
participants indicated that even these features could be adapted
in future trials. For example, some participants expressed that
a “snooze” function or multiple reminder alarms should be
added. One particularly notable feedback theme was that
MSMART was too text heavy with suggestions to minimize
wording and make the display of such wording more visually
appealing (eg, in bulleted formatting, as opposed to paragraphs).
Although mSMART is a multicomponent intervention (eg,
contingency management, behavioral skillstraining, and use of
reminders), one feature that we anticipated to emerge in our
exploratory qualitative analysis was for participants to view
contingency management favorably. However, other features
of MSMART emerged that were more favored than contingency
management. Therefore, as MSMART undergoes further
development, comparative trials should consider whether
MSMART is viewed just as favorably without contingency
management. Thisaspect of our findings pertain to contingency
management’s acceptability and not contingency management’s
efficacy. It is unclear whether the magnitude of the reinforcer
adopted in this study actually impacted PrEP adherence. In
addition, it may be that reinforcer saliency (ie, US $2 for each
logged dose) was too low for participants to find engaging and
other contingency management approaches may be warranted
to improve PrEP acceptability. Although this could comein the
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form of a higher dollar amount as areinforcer, the cost of such
contingency management approaches may be prohibitive. To
reconcile this, studies should consider lower cost contingency
management approaches that are engaging (eg, the “fishbow!”
technique) [61-63] or a time-limited use of MSMART with
higher reinforcer amounts (eg, during PrEP initiation, as was
recommended in our qualitative analysis).

Future studies are needed to build on these pilot trial findings.
In addition to the factors mentioned above, efficacy trials are
needed to examine whether M\SMART improves PrEP adherence
in comparison to acontrol group. Thiswould necessitate larger
samplesthat are statistically powered to detect group differences
as well as consideration of sample composition (eg, those
initiating PrEP or who have struggled with PrEP adherence at
baseline, as opposed to the sample in this study in which 90%
(9/10) had protective levels at baseline and therefore may have
already established adherence habits). Relatedly, although this
study examined a group at risk for HIV infection—young
M SM—young black MSM are aparticularly at-risk group [17].
However, the sample for this study was 70% (7/10) white and
did not contain any black MSM, which limits generalizability.
Finally, because PrEP use is extending into adolescent MSM,
adherence interventions are needed that address unique
challengesthat emerge in working with this younger age group
than those included in this study [18].

In conclusion, this was a phase | trial of a mobile health
intervention that aims to improve PrEP adherence. To our
knowledge, MSMART isthe first PrEP adherence intervention
administered via smartphones to integrate contingency
management. Given its mobile health format and the ubiquity
of smartphone use among younger populations recommended
for PrEP[22], thisis a PrEP adherence intervention that would
be scalable and likely easily disseminated into clinical care
settings. In clinical practice, mMSMART could beintegrated with
electronic health records and allow for real-time communication
between health care providers and patients. However, although
our findingsindicatethat MSMART isapromising intervention
toimprove adherencerates, theresults are preliminary and future
studies are needed to demonstrate efficacy. These studies should
also consider our findings indicating areasin which mSMART
can be adapted to more comprehensively meet the needs of
young MSM prescribed PrEP.
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Multimedia Appendix 1

Timeit took all participantsto complete each of the 6 predetermined tasks on mSMART without any prompts during the follow-up
study visit.

[PDFE File (Adobe PDF File), 45KB - mhealth_v6i9e10456_appl.pdf ]

Multimedia Appendix 2
Summary of endorsement rates across domains.
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Abstract

Background: The use of telemedicine and mHealth hasincreased rapidly in the People’s Republic of China. Whiletelemedicine
and mHealth have great potential, wide adoption of this technology depends on how patients, health care providers, and other
stakeholders in the Chinese health sector perceive and accept the technol ogy.

Objective: To explore this issue, we aimed to examine a social media platform with a dedicated focus on health information
technology and informaticsin China. Our goal isto utilize the findings to support further research.

Methods: In thisexploratory study, we selected a social media platform—HC3i.cn—to examine the perception of telemedicine
and mHealth in China. We performed keyword analysis and analyzed the prevalence and term frequency—inverse document
frequency of keywordsin the selected social media platform; furthermore, we performed qualitative anaysis.

Results:. We organized the most prominent 16 keywords from 571 threads into 8 themes. (1) Question versus Answer; (2)
Hospital versus Clinic; (3) Market versus Company; (4) Doctor versus Nurse; (5) Family versus Patient; (6) iPad versus Tablet;
(7) System versus App; and (8) Security versus Caregiving. Social media participants perceived not only significant opportunities
associated with telemedicine and mHealth but also barriers to overcome to realize these opportunities.

Conclusions: Weidentified interesting issuesin this paper by studying a social media platform in China. Among other things,
participants in the selected platform raised concerns about quality and costs associated with the provision of telemedicine and
mHealth, despite the new technology’s great potential to address different issuesin the Chinese health sector. The methods applied
in this paper have some limitations, and the findings may not be generalizable. We have discussed directions for further research.

(JMIR Mhealth Uhealth 2018;6(9):€181) doi:10.2196/mheslth.7623

KEYWORDS
mHealth; telemedicine; China; social media; text mining; keyword analysis; mobile phone

: China) [1]. This new technology enables health care providers
Introduction and patients to meet over the internet and save transportation
Background costs. Research has estimated the Chinese mHealth market to

. be worth 1.86 hillion Chinese Renminbi (RMB), equivalent to
In recent years, the use of telemedicine and mHealth has

increased rapidly in the People’s Republic of China (hereafter
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US $271 million, during 2012-2013 [2]. By the end of 2017,
the market could reach 10 billion RMB (US $1.46 billion) [2].

In this study, we examined a social media platform with a
dedicated focus on health information technology and
informatics in China. The platform has attracted subscribers
from diverse backgrounds: physicians, patients, entrepreneurs,
information technology professionals, and other social groups.
Exploring the posts from these subscribers alows for
understanding the perceptions regarding telemedicine and
mHealth in a particular country. Our goal is to utilize the
findings from this study to support further research.

Telemedicine and mHealth in China

First, we provide the definitions of two key termsin this paper.
Telemedicine can be defined as provision of medical services
from one site to another using el ectronic communication devices
[3,4]. Thistechnology has been devel oped for severa decades.
In China, telemedicine was used as early as in the mid-1980s
[1], when Chinese physicians consulted patients via telegram,;
“mHealth” expandstelemedicine. It can be defined as“ medical
and public health practice supported by mobile devices, such
as mobile phones, patient monitoring devices, personal digital
assistants, and other wireless devices’ [5]. mHealth devices
expand telemedicine because they enable patients to receive
care from health providers without using a desktop computer
at aphysicaly fixed location [6-8].

China stelecommunication infrastructure is quite mature; thus,
it can support the delivery of telemedicine and mHealth services
for health providers [2,4-5]. Several large telecommunication
networks have been actively involved in providing telemedicine
services, including International MedioNet of China and the
Golden Health Network [5]. While there are more than 940
million mobile phone and app users in China [9], keen
competitions among companies have made voice calls and data
usage inexpensive for mobile phone subscribers. For instance,
many Chinese mobile phone subscribers use the function of text
messaging, either synchronously or asynchronously. Mobile
phone carriers charge subscribers approximately US $0.015 for
sending atext message [10].

Regarding health service provision, there are significant
disparities between rural and urban China[11]. Young, highly
qualified physicians prefer staying in urban communities[9-13].
To reduce disparities in health services, Chinese government
agencies and hospitals are eager to utilize telemedicine and
mHealth technology [14-16]. These organizations also believe
that elderly patients can benefit from telemedicine and mHealth
in various ways [17]. Nonetheless, many Chinese patients and
physicians are still skeptical about the new technology [18].
Moreover, for hospitalsand clinics, installation and maintenance
costs are associated with the provision of telemedicine and
mHealth services [17,19].

Methods

Social Media Platform Selection

In this exploratory study, we selected a socia media
platform—HC3i.cn—to examine the perception of telemedicine
and mHealth in China. Research has shown that there are
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different relative advantages of examining “generic” (eg,
Facebook or QQ) and “specialized” (eg, patientslikeme.com or
Dingxiang Yuan) platforms [20]. Our selected platform is
specialized, enabling us to focus on collecting relevant data.
The major drawback isthat it does not necessarily represent the
broad concerns of all health stakeholders in China. We have
paid attention to this drawback, however, when drawing
conclusions from data collected for this paper.

HC3i.cn was founded in 2010. It is the first internet-based
platform that focuses on health informatics, internet-based
medicine, and mHealth in China. As of now, it has attracted
150,000 registered users, with a monthly average of 8 million
page views. Within the larger HC3i platform, there are more
than 30 million posts. They are organized by specific forums;
we have examined one of them in this paper, and it is entitled
“telemedicine or mHealth” (or “yuan cheng yi liao or yi dong
yi liao ” in Chinese). The selection is consistent with our
research focusin this paper. As of May 16, 2014 (our research
cutoff date), this specific forum had 571 threads with 2811
participation posts (ie, each new thread consisted of
2811/571=4.92 posts on average). The earliest thread was
initiated on November 21, 2009, and new posts continued to
appear on the research cutoff date (May 16, 2014).

Some researchers have pointed out that robots (“bots’) can
generate social mediacontent [21]. There are specific agorithms
to detect bot activities [21]. Nonetheless, data limitations
disallow usto utilize these algorithms. Importantly, bot activities
normally do not change the nature of the interactions. They
might increase or decrease the magnitude of regular human
users activities to a certain extent. A full investigation of bot
activities in the social media forum under our research will be
the subject of a subsequent publication.

Keyword Analysis

As a text mining technique, we adopted a modified “bag of
words’ approach [22] to extract keywordsin the selected forum.
This approach is appropriate for exploratory research. Under
this approach, we treat each post in the selected forum as a
“document” that consists of individual words. All the poststhat
weincluded in the analysis constitute the corpus of documents.
Within the corpus, every word is potentially important and can
be regarded as a “keyword.” Keyword denotes the importance
of aword, defined by frequency or other criteria(eg, aterm that
leads to many discussions). The frequency criterion indicates
the prevalence of a term, which is sometimes called “term
frequency (TF) representation.” Thisapproachisstraightforward
and computationally efficient to operate [22].

We follow several data cleaning steps. If the corpus contains
English words, we ignore grammar, word order, sentence
structure, and punctuation. In English documents, term
normalization steps include changing all words to lower case,
so that “iPhone,” “iphone,” “IPHONE” are treated as the same
term. Stemming removes suffixes and normalizes tenses and
plurals of aword. That is, “play,” “playing,” and “played” are
the same. “Stop-words’ that are common but have no
substantive meaning are also removed. For example, “and,”
“the” “of,” and other prepositions are typically eliminated in
frequency representation. For Chinese texts, additional data
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cleaning steps are necessary [22]. Different from English,
Chinese sentences are written in a continuous sequence of
characterswithout the use of delimiters such asthe blank space.
Besides, individua Chinese charactersmay or may not congtitute
a word, so the segmentation of Chinese words needs to be
predefined with a dictionary or processed with specific
techniques that can distinguish syntactic and semantic units
[23].

We applied the “dictionary approach” to identify keywords.
Two coders on our research team examined the first post of
each of the 571 threads using the word count function in Excel
and identified a number of keywords (or categories of them)
that have substantive meaning. Notably, not al words that
appeared frequently were sel ected (eg, pronouns, prepositions);
only wordswith a substantive meaning were selected for further
analysis.

After analyzing the first posts, we increased the sophistication
of keyword identification using an additional criterion. That is,
while frequency is concerned with the prevalence of aterm, we
also considered the sparseness of a term as an additional
criterion of importance. Following the text mining literature, a
term that occurs in every single document within the entire
corpus of documents does not necessarily have any
distinguishing power, whereas aterm that occursonly in afew
documents could have strong distinguishability [24]. The
sparseness of aterm may be used as a factor to increase the
weight of aterm’s frequency. The inverse document frequency
(IDF) isused in the literature to capture this weight:

IDF(t)=1+log ((Total number of documentsy(Number of
documents containing t))

Combining TF and IDF, we can evaluate each term'’s term
frequency—inverse document frequency (TFIDF) using the
following equation:

TFIDF (t, d) = TF(t, d) * IDF (t)

Where t denotes the term (or keyword) and d denotes the
document.

Qualitative Analysis

To supplement quantitative keyword analysis, we organized the
identified keywords into meaningful themes to facilitate
interpretations. In the text mining literature, there are
guantitative and qualitative approaches to organize keywords
into meaningful groups. Clustering is a quantitative technique
that considersthe coexistence and correlation of multipleterms.
Simply put, keywords that are highly correlated are often used
together, and they may constitute a theme [25]. An alternative
approach is akin to qualitative research [26] and is appropriate
for exploratory research. This approach requires the researcher
to “code” text data by categorization and interpretations [26].
It is a common technique in qualitative and ethnographic
research, which involves elaborate procedures to ensure
consistency and reliability [27,28].

Specifically, we modified the hierarchical procedure to code
keywordsand organize them into themes[26]. First, two coders
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identified meaningful keywords from the corpus. This step was
facilitated by keyword counting, as reported above. Second,
each coder independently selected meaningful pairs (or groups)
of keywordsto generate atheme. The selection required coders
toinclude anote about the coder’srational e based on knowledge
fromtheliterature or experience with the Chinese health sector.
Then, the coders were required to crosscheck with each other
to reach a consensus and ensure consistency. Based on
consensus and practical concerns, the research team determined
that 16 prominent keywordswith ahigh frequency of appearance
in the selected forum were worthy of greater in-depth analysis
and interpretations. These themesfacilitated comparisonsin the
keyword analysis. In the qualitative analysis, the research team
further collapsed the themes into 2 higher-level categories in
relation to the major research question(s).

Results

Keyword Analysis

The number of participation entries to each of these 571
threads—including the first post and all subsequent
“replies’—varies, ranging from 0 to 59 as of our research cutoff
date. The most popular thread has attracted 59 participation
entries. Thefirst post wastitled “ Education needed: Right now
how many level-3A hospitalsin Chinahave used telemedicine?’
(“Level-3A” indicates the highest rank in an order developed
to represent the level of a Chinese hospital’s infrastructure
development) [29,30].

Table 1 groups these keywords into 8 themes according to the
coding procedures reported above. Thus, we organized the most
prominent 16 keywords from 571 threads into 8 themes: (1)
Question versus Answer; (2) Hospital versus Clinic; (3) Market
versus Company; (4) Doctor versus Nurse; (5) Family versus
Patient; (6) iPad versus Tablet; (7) System versus App; and (8)
Security versus Caregiving.

Of dl first posts, 16.3% (93/571) included a question mark,
indicating that many HC3i participants were seeking answers
or solutions to some problems; in comparison, 4.9% (28/571)
of first posts mentioned “case study,” which were typically
discussions on atechnical or company solution to problemsin
implementing telemedicine or mHealth technology. Another
intriguing pair was “hospital” and “clinic.” Results suggested
that Chinese stakeholders might still see telemedicine and
mHealth technology as used primarily within hospitals. While
10.2% (58/571) of first posts mentioned “ hospital or inpatient,”
only 5.4% (31/571) of first posts mentioned “clinic or
outpatient.”

Regarding business opportunities, 3.7% (21/571) of first posts
mentioned “ market” asopposed to 1.6% (9/571) that mentioned
“company.” In terms of health professionals, 3.9% (22/571) of
al first posts mentioned “doctor,” but only 1.2% (7/571)
mentioned “nurse.” In terms of health service recipients, 1.2%
(7/571) of dl first posts mentioned “patient” and 0.7% (4/571)
mentioned “family.”
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Table 1. Keywordsidentified in threads.

Leung et d

Number and themes

Frequency, n (%)@

1
Question

Answer

Hospital

Clinic

Market
Company

Doctor

Nurse

Family

Patient

Tablet

System
App

Security
Caregiving

93 (16.3)
28 (4.9)

58 (10.2)
31 (5.4)

21(3.7)
9(1.6)

22(3.9)
7(1.2)

4(0.7)
7(12)

13(2.3)
1(1.2)

64 (11.2)
18 (3.2)

7(1.2)
17 (3.0)

3percentage: Frequency/Number of threads. Number of threads=571.

In terms of technological devices, “iPad” appeared in 2.3%
(13/571) of all first posts, whereas“tablet” (participantstypically
used the word “tablet” to mean an Android-based tablet)
appeared in only 1.2% (1/571) of al first posts. A greater
percentage of first posts were about how telemedicine and
mHealth could work with ahealth organization’slarger technical
“system,” occupying 11.2% (64/571) of al first posts; in
contrast, “ app” wasmentioned only in 3.2% (18/571) of all first
posts. Finaly, the comparison between “caregiving” and
“security” concernswas 3.0% (17/571) versus 1.2% (7/571).

Term Frequency—I nver se Document Frequency of
Keywords From Follow-up Posts

We then examined follow-up posts in the threads generated by
the first posts, focusing on threads that had generated at least
20 replies. These replies become the corpus of documents in
the subsequent analysis. Using theformulafor TFIDF mentioned
above, we computed the TFIDF of the same keywords that we

http://mhealth.jmir.org/2018/9/e181/

used in the previous step to examine the first post. We omitted
keywords that either had alot of missing information or made
little sense in the interpretation. Table 2 displays the results.

The corpus of documents consisted of 1977 posts in this
analysis. The TF, IDF, and TFIDF of the identified keywords
are listed in Table 2, which shows that the list of keywordsis
generaly consistent with those identified in Table 1. TFIDF
enables us to recognize the contrast more clearly and facilitate
interpretations. First, based on thefirst 2 keywords, theemphasis
on “questions’ was about 3 times stronger than that on
“answers’ (590.3 vs 199.8) in this forum. In terms of utilizing
telemedicine, the emphasis was about 14 times stronger on
“hospitals’ than on“clinics’ (660.6 vs46.5). HC3i participants
appeared to pay more attention to how the company can support
the devel opment of telemedicine and mHealth than to the market
of the new technology, asindicated by aratio of 8.5 (471.2 vs
55.7) between the keywords “ company” and “market.”
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Table 2. Term frequency—inverse document frequency of selected keywords.

Number and themes Term frequency—inverse document frequency = Term frequency Inverse document frequency
(Term frequency x Inverse document frequency)
1
Question 590.3 150.0 39
Answer 199.8 38.0 53
2
Hospital 660.6 173.0 38
Clinic 46.5 7.0 6.6
3
Market 55.7 9.0 6.2
Company 471.2 112.0 4.2
4
Doctor 458.6 106.0 4.3
Nurse 340.0 73.0 4.7
5
Family 28.8 4.0 7.2
Patient 203.7 39.0 5.2
6
iPad 3314 74.0 45
Tablet 4334 103.0 4.2
7
System 397.7 91.0 4.4
App 84.3 14.0 6.0
8
Security 103.6 18.0 5.8
Caregiving 305.7 68.0 45

In terms of health providers, the emphasis on “doctor” and
“nurse” was similar (458.6 vs 340.0). However, in terms of
service recipients, the emphasis was 7 times stronger on
“patient” than on “family” (203.7 vs 28.8). It did not seem to
matter much for HC3i participants whether the deviceto deliver
telemedicine and mHealth was an “iPad” or “tablet” (331.4 vs
433.4). Participants concern for the “system” was much
stronger than that for the “app,” as indicated by a ratio of 4.7
(397.7 vs 84.3). Finally, there was stronger emphasis on
“caregiving and nursing” than on “safety and security,” as
indicated by aratio of 3.0 (305.7/103.6).

Qualitative Analysis

As mentioned above, we organized the most prominent 16
keywords from 571 threads into 8 themes (see Table 1). These
themes often represented how HC3i participants made apractical
choice or put greater emphasis between two related items (eg,
whether iPad or Android-based tablet is more appropriate for
providing mHealth services in China) when they considered
telemedicine and mHealth. Thefollowing discussions are based
on a further collapsing of these themes into 2 higher-level
categories regarding the perception of telemedicine and mHealth

http://mhealth.jmir.org/2018/9/e181/

in China: (1) perceived opportunitiesand (2) perceived barriers.
We selected exemplary quotes and phrases from HC3i
participants to support the analysis.

Per ceived Opportunities

In terms of opportunities brought forth by telemedicine and
mHealth technology, many HC3i participants believed that the
new technology would expand services that can be delivered
by heath professionals, particularly physicians and nurses.
Increasing access to health services for patients and families
from underserved areas was mentioned by a number of HC3i
participants. One participant commented: “You can now stay
at home and shop [onling]. [And] won't [it] be great to stay at
home and [still can] ‘see’ adoctor?’

Between “quality” and “cost,” participants paid slightly greater
attention to quality. New technological possibilities were
believed to lead to new lifestyles to remain healthy. For
example, a participant suggested that telemedicine and mobile
devices could “digitalize the function of human bodies.”
Similarly, other HC3i participants suggested that patients or
healthy individuals could utilize wearabl e technol ogiesto record
heartbeat, body temperature, sleep conditions, mood, weight
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change, and other vital information. Records of thisinformation
could help both patients and caregivers better monitor the body,
including the recovery progress of individuals suffering from
chronic diseases.

In thisforum, many participants believed that tel emedicine and
mHealth technology could help certain companies expand their
businesses, but participants were relatively less concerned with
the larger market. These participants recognized that
telemedicine and mobile devices had avery promising economic
prospect if combined with business apps. Several participants
pointed out that China—with a population of 1.3 billion—has
a huge market for health products. As one participant put it:
“Each disease is worth billions [of dollars].” This participant
also mentioned that the mobile app Weixin—which has already
enrolled millions of Chinese users—could be further explored
to build new apps. For this forum participant, “Only if a small
proportion of [Weixin] users adopt tel emedicine or mobile apps
for health purposes, there will be enormous market opportunities
[returns].”

Perceived Barriers

Although excellent opportunities were associated with
telemedicine, forum participants raised concerns regarding
barriers. First, participants were eager to understand how
telemedicine might be compatible with other existing
technologies. Some participants saw the use of telemedicine
and mHealth technology as primarily for diagnosis and treatment
within hospitals. In this sense, telemedicine and mHealth
technology could improve health care accessto Chinese patients
only if they could be admitted to a hospital or registered as a
hospital outpatient. However, it isdifficult for Chinese patients
from some regions to find a hospital in the neighborhood of
their residence; thus, there can be strong barriersto be admitted
to a hospital or registered as an outpatient [31].

Moreover, some forum participants were skeptical about how
health professionals could actually apply telemedicine or mobile
devices in practice. Some labeled telemedicine and mobile
devices as “an idea only,” “toys for doctors,” or used other
unfavorable descriptions. The dlightly more optimistic
participants called this new technology “a plausible model of
health delivery,” but they still remained worried that health
professionals might not feel comfortable with different
computing interfaces. For them, if physicians and nurses did
not fully embrace telemedicine, the delivery of hedth care
cannot be satisfactory. One of these participants wrote: “ There
is some use with atablet to provide health care, but mostly for
high-end medical applications. For a nurse, this is not really
useful. What they [nurses] need is a movable cart for medical
deviceswith remote capabilities, not an entire mHealth system.
Many [mHealth systems] are just products of engineers
imagination.”

Other threads indicated forum participants' concerns regarding
interoperability among telemedicine, mHealth devices, and
existing health information technologys. According to these
participants, interoperability issues could generatelarge startup
costs to lay the infrastructure for implementing telemedicine;
thus, the new technology might not see quick returns to
investment. For example, using new mobile devices required

http://mhealth.jmir.org/2018/9/e181/

Leung et d

barcode scanning, interfacing using radiofrequency
identification, existing electronic health records, and the like.
One participant was concerned whether a convenient mobile
device could be built: “putting everything together makes [the
device] ugly [and cumbersome].”

Another group of participantswas concerned about standardizing
telemedicine and mHealth. In this respect, participants pointed
out that the concepts of telemedicine and mHealth are too broad
and thereisno universal standard to govern this new technology.
Among other things, it madeit difficult for health professionals
and patients to ensure data security. One participant saw the
application of telemedicine devices as going between different
health care settings—such as between a physician’s office and
apatients’ room. When a physician istoo busy, he or she could
leave the telemedicine-related tablet at insecure places; thus,
sengitive information about patients, such astheir diagnosisand
treatment plans, might fall into inappropriate hands.

Finally, participants raised concerns about the amount and type
of human resources needed to support telemedicine devicesand
systems. For example, some participants had worked in blood
banks within hospitals where some mobile devices were used.
According to these participants, in such a crowded and busy
environment, it was unclear who was accountable for operating
the mobile devices properly. The use of these mobile devices
was, therefore, proneto frequent errorsand could generate undue
stress among staff.

Discussion

Examining social media data is a relatively new methodology
in the growing field of health analytics [32-36]. In this paper,
we have identified a number of interesting issues from asocial
media platform on telemedicine, mHealth, and related
technology. Several observations are worthy of further
investigation: first, many participants of the selected social
media platform still saw telemedicine as something used
primarily within hospitals [23]. Although some participants
mentioned that patients could receive consultation at home by
physicians from afar, this did not represent the general view of
forum participants. Therefore, devel opers need to increase the
technical soundness of new devices to convince patients and
physiciansthat tel emedicine and mHeal th can be used “ outside”
hospitals and that new devices can really deliver the same level
of high-quality health care as face-to-face consultations. In
future research, it will be useful to compare China with other
developed and |ess devel oped countries.

As our findings show, there was a strong concern with respect
to interoperability among new telemedicine, mHealth, and
existing technology. Understandably, health providers did not
want to “ start everything anew.” Forum participants often linked
telemedicine and mHealth to familiar and established technology
firms, such as Google, Microsoft, and Apple. Further research
can examine whether these firms have a significant market
advantage over smaller companieswhen promoting telemedicine
and mHealth productsin China[8]. If that werethe case, smaller
companies, hospitals, and clinics may need to incur significant
costs to develop telemedicine and mHealth before they can
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realize cost savings for patients in the current Chinese market
[37,38].

Finaly, we acknowledge the limitations of this research;
furthermore, the generalizability of our findings may belimited.
First, the delimitation of Chinese sentences differs from the
English onesin several ways. One approach is to segment the
sentence into words in Chinese language processing by

Leung et d

character-based sequence labeling. Existing algorithms such as
Viterbi might be further explored [20]. Although our approach
of utilizing a predefined set of words is feasible, it is not
necessarily the most efficient and precise detection method. As
mentioned, it isimportant to examine whether bots are used to
generate contents on any social media platform [39], and more
sophisticated research is needed in this regard.
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Abstract

Background: Although mobile health (mHealth) interventions can help improve outcomes among patients with chronic lower
back pain (CLBP), many available mHealth apps offer content that is not evidence based. Limbr was designed to enhance
self-management of CLBP by packaging self-directed rehabilitation tutorial videos, visua self-report tools, remote health coach
support, and activity tracking into a suite of mobile phone apps, including Your Activities of Daily Living, an image-based tool
for quantifying pain-related disability.

Objective: Theamisto (1) describe patient engagement with the Limbr program, (2) describe patient-perceived utility of the
Limbr program, and (3) assessthe validity of the Your Activities of Daily Living module for quantifying functional status among
patients with CLBP.

Methods: Thiswasasingle-arm trial utilizing a convenience sample of 93 adult patients with discogenic back pain who visited
a single physiatrist from January 2016 to February 2017. Eligible patients were enrolled in 3-month physical therapy program
and received the Limbr mobile phone app suite for iOS or Android. The program included three daily visual self-reportsto assess
pain, activity level, and medication/coping mechanisms; rehabilitation video tutorials, passive activity-level measurement; and
chat-based health coaching. Patient characteristics, patient engagement, and perceived utility were analyzed descriptively.
Associations between participant characteristics and program interaction were analyzed using multiple linear regression. Associations
between Your Activities of Daily Living and Oswestry Disability Index (ODI) assessments were examined using Pearson
correlation and hierarchical linear modeling.

Results: A total of 93 participantswere enrolled; of these, 35 (38%) completed the program (age: mean 46, SD 16 years, female:
22/35, 63%). More than half of completers finished assessments at least every 3 days and 70% (19/27) used the rehabilitation
component at |east once aweek. Among respondents to a Web-based feedback survey, 76% (16/21) found the daily notifications
hel ped them remember to complete their exercises, 81% (17/21) found the system easy to use, and 62% (13/21) rated their overall
experience good or excellent. Baseline Your Activities of Daily Living score was a significant predictor of baseline ODI score,
with ODI increasing by 0.30 units for every 1-unit increase in Your Activities of Daily Living (P<.001). Similarly, hierarchical
linear modeling analysis indicated that Your Activities of Daily Living daily assessment scores were significant predictors of
ODI scores over the course of the study (P=.01).

Conclusions: Engagement among participants who completed the Limbr program was high, and program utility was rated
positively by most respondents. Your Activities of Daily Living was significantly associated with ODI scores, supporting the
validity of this novel tool. Future studies should assess the effect of Limbr on clinical outcomes, evaluate its use among a wider
patient sample, and explore strategies for reducing attrition.
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Trial Registration: ClinicalTrials.gov NCT03040310; https://clinicaltrial s.gov/ct2/show/NCT03040310 (Archived by WebCite

at http://lwww.webcitation.org/722mEvAiv)

(JMIR Mhealth Uhealth 2018;6(9):€179) doi:10.2196/mheslth.8256
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Introduction

Management of chronic conditions places aconsiderable burden
on patients, communities, and health care systems worldwide
[1], but evidenceindicates that symptom management in chronic
disease can be significantly improved through self-management
interventions[2,3]. Given that mobile phone usagein the United
States has become widespread in recent yearsand is still onthe
rise [4], advancements in mobile technology can be leveraged
to deliver mobile health (mHealth) apps that support patients
in effective self-management of chronic conditions. In arecent
US study of mHealth use among primary care patients, 55% of
respondents reported having a mobile phone and 70% of these
had used mHealth apps for management of health conditions

[5].

Conditions for which exercise therapy has been shown to be
effective, such as chronic lower back pain (CLBP) [6], stand to
benefit greatly from mHealth integration because sustained
adherence to exercise-based rehabilitation is vital for recovery
[7-9]. The effectiveness of mobile phone-based interventions
for measuring and influencing physical activity has been
explored inanumber of studies, and thereisincreasing evidence
that mHealth interventions that are adaptive to user preference
while supplementing standard care with disease monitoring,
self-reporting, education, and promoting physical therapy
adherence have the potential to improve health outcomesamong
those living with chronic diseases [1,10,11]. Support from a
health coach has also been shown to help drive mHealth app
use [10,12], and remote health coaching in the form of text
messages can effectively improve self-management of symptoms
and promote long-term behavior change retention [13,14],
including increased compliance with physical therapy [15].
Ecological momentary  assessment, or “experience
sampling”—including self-report surveys and sensor-assisted
reminders—are effective tools for collecting in situ user data
[16,17] and can be used to enhance mHealth interventions for
the self-management of CLBP.

Limbr is a compliance enhancement intervention that was
developed to incorporate many of these elements by packaging
self-directed rehabilitation tutorial videos, personalizable visual
self-report tools, health coach support, and sensor-assisted,
passive activity-level tracking into a suite of mobile phone-based
apps for patients with CLBP. The Limbr program aims to
promote adherence to the Back Rx exercise rehabilitation
regimen [18], increase engagement in self-directed management
of pain (including pain, medication, and exercise tracking), and
improve self-reported outcomes for pain. One novel aspect of
Limbr is its use of Your Activities of Daily Living, an
image-based tool for characterizing functional status [19].
Although arecent preliminary evaluation of Your Activities of

http://mhealth.jmir.org/2018/9/e179/

Daily Living conducted among asmall number of patientswith
arthritis suggested promise of its utility [19], it has not yet been
evaluated among alarger patient group.

Despite the exi stence of numerous patient-targeted mobile phone
appsfor pain tracking, self-management, and exercise training,
the implementation of mHealth technology for chronic
conditions remains an important area for further research. In
particular, many currently available mobile phone appstargeted
at low back pain (LBP) management arelow in quality, offering
content that is not based on current research and has not been
reviewed or tested by health care providers[20,21]. This study
was performed to (1) describe patient engagement with the
Limbr program, (2) describe the patient-perceived utility of the
Limbr program, and (3) assessthe validity of the Your Activities
of Daily Living module as a quantifier of pain and disability
level among patients with CLBP.

Methods

Study Design

This was a single-arm trial utilizing a convenience sample of
93 adult patients who visited physiatrist Vijay Vad, MD (New
York, NY, USA), from January 2016 through February 2017
and were diagnosed with discogenic back pain. Included patients
were required to be English speaking and to have a diagnosis
of LBP with predominantly axial symptoms, persistence of
symptoms for at least 3 months, lumbar intervertebral disk
pathology evident on magnetic resonance imaging, and
possession of a mobile phone device (iPhone models 5S and
later or Android models 2.3 and later). Patients were excluded
if they had ahistory of trauma, ahistory of lumbar spine surgery
or severe lumbar disk degeneration prior to the beginning of
the study, or concurrent pathology that could have contributed
to axia low back symptoms (eg, spondylolysis,
spondylolisthesis, facet arthropathy), or if their case involved
alegal claim. Informed consent was obtained from patients at
theinitial doctor visit (onboarding) after the nature of the study
had been explained. The study isregistered on Clinical Tria s.gov
(identifier NCT03040310), was approved by the institutional
review board of the Hospital for Special Surgery (New York,
NY), and was conducted in accordance with al applicable
regulations.

Intervention

Eligible patients were enrolled in an mHealth-based 3-month
physical therapy program (Limbr) and received a mobile phone
app suite free of charge to monitor and manage their CLBP.
The program included three daily visual self-reports to assess
pain, medication/coping mechanisms, and affect; self-directed
rehabilitation via Back Rx video tutorials personalized for
patients with discogenic back pain; and passive measurement

IMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 |e179 | p.205
(page number not for citation purposes)


http://dx.doi.org/10.2196/mhealth.8256
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

of activity levels. At onboarding, patients underwent baseline
assessments (including a Your Activities of Daily Living full
assessment and an Oswestry Disability Index [ODI] [22]
assessment) and received assistance with installation and setup
of the mobile phone app suite. For the duration of the program,
patients received remote support from a health coach available
in real time, and severa patient engagement methods were
utilized to improve user compliance. Elements of Limbr are
described in further detail subsequently.

Self-Reports

The daily visua self-reports—Your Activities of Daily Living
[19], Medications of Daily Living, and the Photographic Affect
Meter (PAM) [23]—used an experience sampling approach to
collect in situ user data for the purpose of providing tailored
content to users. Rather than relying on words or numbers, these
guestionnaires offer a variety of photographs from which the
user selects those that best describe their mood/condition.

Your Activities of Daily Living (Figure 1) [19] is an
image-based survey inspired by the PAM [23] that characterizes
apatient’sfunctional status using images representing activities
of daily living (ADL) from the Western Ontario and McMaster
Universities Arthritis Index [24] and Boston Activity Measure
for Post-Acute Care[25], which are validated clinical measures.
To complete the Your Activities of Daily Living assessment,
patients used the app to select images of activitiesduring which
they recently experienced LBP-induced difficulty. The full
assessment conducted at onboarding included 47 images and
was intended as a substitute for a conventiona,
clinician-administered long-form ADL questionnaire (eg, the
ODI). The Your Activities of Daily Living daily assessment
was intended to provide interim reports between time points at
which along-form assessment would typically be administered
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and included only the images selected by the patient during the
baseline full assessment.

Medications of Daily Living (Figure 2) is an app-based
medication log with avisual interface. Similar to Your Activities
of Daily Living, patients completing the daily Medications of
Daily Living assessment by choosing imagesthat characterized
any LBP medication or coping strategies used over the past 24
hours. All medications and coping strategies included in
Medications of Daily Living had been confirmed by the study
physician asrelating to LBP.

PAM (Figure 3), used to assess patients daily affect, is a
rigorously validated tool for measuring emotion through a series
of images[23]. Photos in the PAM are arranged in agrid from
low arousal and negative valence in the bottom left, to high
arousal and positive valence in the top right. To complete the
daily PAM assessment, patients used the app to choose the
image that best represented their emotion at the time of
assessment.

Self-Directed Rehabilitation

The self-directed rehabilitation component of Limbr was
administered via Force Therapeutics [26], an app providing a
series of exercise videostailored to patients with LBP. Patients
were requested to watch three times per week. Patients used the
app to view videos and to indicate if they watched the videos.

Activity-Level Measurement

Activity levels, including persona location and activity
classification information (eg, minutes active per day, hours
out of the house), were monitored via Moves [27], an app that
utilizes mobile device sensors for passive collection of
activity-level data.

Figure 1. Screenshots from the Your Activities of Daily Living app: (A) daily assessment, (B) daily assessment reminders, and (C) when there was

nothing to report, patients selected “ Today was a good day!”.
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Figure2. Screenshotsfrom the Medicationsof Daily Living app: (A) daily assessment, (B) daily assessment reminders, and (C) when therewas nothing
to report, patients selected “Today was a good day!”.

A Did you use any of these to manage o B C Did you use any of these to manage
your back pain today? your back pain today? Q
Reminders
MEDL reminder time
6:00 PM
Surveys
Account
About

Version: 4.0.1

Figure 3. The Photographic Affect Meter (PAM) app. (A) Screenshot of the PAM visual interface, and (B) how images are arranged from low arousal
and negative valence in the bottom left to high arousal and positive valence in the top right.
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provide personalized care; and used the Limbr Chat app to send
Health Coach Support responses and other messages, including support messages and
Data-informed health coaching with a certified health coach  reminders to interact with the program. The coach used casual
was made available via Limbr Chat, a text-messaging app.  |anguage and abbreviations typical of text messaging (eg, “u”
(Standard iOS and Android messaging apps could not be used  instead of “you”) to promote an informal relationship and reduce
to maintain compliance with the Health Insurance Portability  jntimidation on the part of participants, and any patient messages
and Accountability Act of 1996 [28].) The coach inthisstudy  were responded to within 24 hours.

was familiar with the Force Therapeutics exercises and advised .

patients about exercise, technical issues, and personal support.  Patient Engagement

The coach monitored participant data from the Limbr suite, During the study, Limbr participantswere categorized according
including daily self-reports, indicators of participant compliance, to their level of engagement with the program for the purpose
and activity levels; identified trendsin participants’ progressto  of tracking and improving compliance. Patient categorization
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was updated three times a week on the basis of the frequency
and quality of engagement with the interactive components of
the system (watching videos or completing the visual
self-reports). Patients were categorized as “frequently
interacting” (>2 interactive components/week), “infrequently
interacting” (<1 interactive  component/week), and
“unproductive-active” (1-2 interactive components/week).

To promote sustained engagement, all frequently interacting
and unproductive-active participants were sent weekly summary
emails (Figure 4) consisting of avisual feedback regarding their
interactions across the Your Activities of Daily Living and
Medications of Daily Living visual self-reports, self-directed
rehabilitation (Force Therapeutics), and passively collected
mobility data. To encourage engagement among infrequently
interacting participants, an email was sent reminding them to
engage with the Limbr components and log their activities.
Unproductive-active patients were sent personalized messages
from the Limbr health coach, who worked with the patients to
construct anew care plan according to individual patient needs.
For example, the coach might suggest that a patient reduce
interaction with the daily assessments from daily to threetimes
per week. Finaly, the Limbr health coach would check in
weekly with all frequently interacting, unproductive-active, and
infrequently interacting patients, inquire about their progress,
and send personalized motivational messages. Examples of
messages that might be sent to encourage patient engagement
and/or check in regarding a patient’s progress are:

Good morning, | know it can seem like we are asking
uto track a lot of things and data. Honestly, nothing
is more important to your healthy outcome than the

Figure 4. Example of aweekly summary email.

Selter et d

FORCE exercises. | do them myself. Please don’t
forget to do them—1 set, 3 times per week AND mark
themall donein the FORCE app. Thank you and good
health.

I amglad the nights are getting better. Sometimesthe
lack of movement can stiffen the body. SeriesB isbest
thought of as the next level up shall we say on the
exercises. You should keep doing the exercises you
have been doing until they seemtoo easy, then contact
Dr Vad to get his permission to move to Series B.

Patients were categorized as inactive if they had had no
interaction with the interactive components for 4 successive
weeks. Participants were said to have completed the program
if they remained active for 12 weeks.

Outcomes

Patient Engagement

Pati ent engagement was assessed using three outcome variabl es:
(2) the frequency of interactions across the visual self-reports,
(2) abinary outcome representing at least one viewing of the
physical therapy videos versus none watched, and (3) the
frequency of messages to the health coach. For outcome
analysis, an interaction was defined as an instance of using Your
Activities of Daily Living, Medications of Daily Living, PAM,
or the Limbr Chat app during the study period. The percentage
of physical therapy videoswatched was automatically collected
by the Force Therapeutics app. Frequency of messages was
computed as the number of times a participant sent a message
to the coach using the Limbr Chat app during the study period.
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Patient-Perceived Utility of Limbr

The overall utility of the Limbr program was assessed using a
Web-based feedback survey administered to all participants at
the completion of the study. The feedback survey consisted of
13 questions, presented on a 5-point Likert scale, and divided
into three sections that assessed the perceived helpfulness of
(2) the patient engagement features (Limbr Chat app and weekly
summary emails), (2) the app notifications reminding users to
complete the daily self-reports and Back Rx exercises, and (3)
the visual self-reports for Your Activities of Daily Living,
Medications of Daily Living, and PAM. The response options
for each section ranged from “strongly disagree/not useful” (5
points) to “strongly agree/very useful” (1 point).

Association of Your Activities of Daily Living with
Conventional Pain Assessment

To determine whether the Your Activitiesof Daily Living visua
self-report could serve as a proxy for a more traditional pain
index, outcomes from the Your Activities of Daily Living
assessment were compared at baseline with those from the ODI,
aquestionnaire that measures|evel s of disability in ADLsamong
patientsrehabilitating from LBP [22]. Participantswere directed
to complete the ODI at onboarding (baseline) and at 2 weeks,
6 weeks, and 3 months after enrollment. The ODI was completed
via Ohmage [29], a mobile survey app utilized for recording,
analyzing, and visualizing participant data and administering
clinical surveys.

Statistical Analysis

Baseline patient characteristics, patient engagement, and
patient-perceived utility of the Limbr program were analyzed
descriptively; means and standard deviationswere provided for
continuous variables, and numbers and percentages were
provided for discrete variables. Associations between participant
characteristics and level of interaction with Limbr (total
interactions and interactions per week) were analyzed using
multiple linear regression to determine whether characteristics
(either collectively or individually) had any effect on use of the
Limbr system.

To analyze the association between Your Activities of Daily
Living and ODI assessment results at baseline, Pearson
correl ation coefficient was cal cul ated after confirming normality
using the Shapiro-Wilk test. In addition, hierarchical linear
modeling (HLM) was used to analyze the ability of Your
Activities of Daily Living daily self-reports to predict ODI

Table 1. Patient characteristics (N=35).
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scores among participantswho both entered multiple ODI scores
and completed the full Limbr program. For the HLM analysis,
the outcome wasthe ODI scorereported on aparticular day and
the predictor variable was the Your Activities of Daily Living
score reported closest in time to that ODI score.

Results

Patient Characteristics

A total of 93 participants were enrolled from January 2016
through February 2017, of which 13 dropped out after
completing the onboarding session and before interacting with
the Limbr components. Of the remaining 80 participants, an
additional 45 dropped out before completing the 3-month study
duration. Thisleft 35 participants (age: mean 46, SD 16 years;
female: 22/35, 63%,; duration of symptoms: mean 19.6, SD 7.4
months; Table 1) who remained enrolled and used the Limbr
interactive components throughout the study.

Patient characteristicsdid not have asignificant collective effect
onthetotal number of program interactions (F4 ,;=2.183, P=.08,

R°=.177) or the number of program interactions per week
(Fe27=2.337, P=.06, R°=.1956). However, age and duration of
symptoms were each individual predictors of total interactions
(t,7=3.128, P=.004 and t,;=—2.258, P=.03, respectively) and
interactions per week (t,;=3.159, P=.004 and t,;=—2.355, P=.03,
respectively; Table 2).

Outcomes

Patient Engagement

The 35 participants who completed the program averaged 96
total interactions with the three daily self-reports over the
12-week study, roughly evenly distributed among Your
Activities of Daily Living, Medications of Daily Living, and
PAM. The number of interactions per week ranged from 1 to
29, with a mean of 8 (SD 7). On average, participants who
interacted with the daily assessments between daily and every
3 days comprised slightly over 50% of the study group. Median
participant interaction frequency across assessmentsis depicted
in Figure 5. Participants were instructed to watch the Force
Therapeutics instructional videos only 1 to 3 times aweek, as
opposed to daily. Interaction data shows that 70% (19/27) of
participants interacted with Force Therapeutics a median of at
least once aweek (Figure 6).

Characteristic

Completing participants

Age (years), mean (SD)
Female, n (%)
Body mass index, mean (SD)
Duration of symptoms (months), mean (SD)
M obile phone oper ating system, n (%)
Android
i0S

46 (16)
22 (63)
25.4(4.0)
19.6 (7.4)

4 (11)
31 (89)
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Table 2. Associations between participant characteristics and program interaction measures (N=35).

Variable Total interactions® Interactions per week?

to7 P value to7 P value
Age, years 3.128 .004 3.159 .004
Male sex -1.167 .25 -0.997 .33
Body mass index 0.509 .63 0.702 49
Duration of symptoms —2.258 .03 -2.355 .03
iOS mobile phone operating system 1.197 .24 1.279 21

8An interaction was defined as an instance of using Your Activities of Daily Living, Medications of Daily Living, PAM, or the Limbr Chat app during
the study period.

Figure 5. Median interaction frequency across daily self-reports for Your Activities of Daily Living (YADL), Medications of Daily Living (MEDL),
and the Photographic Affect Meter (PAM).
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Figure 6. Median interaction frequency for daily self-reports for Force Therapeutics. Note there were different frequencies of data reported from Force
Therapeutics versus the other assessments.
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Figure 7. Feedback survey results. Surveys were scored on a 5-point Likert scale with response options ranging from “strongly disagree/not useful”
(5 points) to “strongly agree/very useful” (1 point). Percentages may not sum to 100% because of rounding. YADL: Your Activities of Daily Living;

MEDL: Medications of Daily Living; PAM: Photographic Affect Meter.
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A total of 147 messageswere sent from participantsto the coach
using the Limbr Chat app. The mgjority of these (73/147, 49.7%)
were tech support messages (eg, “I cannot seem to log in to
force. Can you help?’), with the next most common type
(47/147, 32.0%) comprising messages about the Force
Therapeutics exercises (eg, “Yes my knee reaches. Not the hip
flexor. The hip flexor istight and | feel pain. So waswondering
if that's normal and if not then | shouldn’t stretch that much.”).
A smaller percentage (23/147, 15.6%) were medical messages
(eg, “Thank you. | have had extreme back pain for the last 2
days. | hurtsto sit, sleep, and bend at the moment”), and 2.7%
of messages (4/147) recorded participant criticisms of the
system.

Patient-Perceived Utility of Limbr

Feedback surveys were returned by 21 participants, a
question-by-question breakdown of participant responses in
presented in Figure 7. Among respondents, 11 of 21 (52%)
found the daily self-reportsto be helpful in tracking pain-related
ADL functionality, medication use, and affect. In particular, 13
of 21 (62%) found that the Your Activities of Daily Living daily
assessment helped them track the activities of daily living
affected by their back pain; 16 of 21 (76%) and 15 of 21 (71%)
agreed that the daily notifications were helpful in reminding
them to complete the Force Therapeutics exercises and daily
surveys, respectively; 17 of 21 (81%) found the Limbr system
easy to use; and 13 of 21 (62%) rated their overall experience
as either good or excellent.
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Association of Your Activities of Daily Living With
Conventional Pain Assessment

Baseline Your Activities of Daily Living and ODI scores were
found to be significantly associated (Pearson correlation
coefficient=.551, P<.001). Linear regression modeling further
reveal ed that the baseline Your Activities of Daily Living score
was a significant predictor of baseline ODI score, with ODI
increasing by 0.30 units for every 1-unit increase in Your
Activities of Daily Living (P<.001). Similarly, HLM analysis
(among the 14 patientswith multiple ODI scoreswho completed
the full Limbr program) indicated that Your Activities of Daily
Living daily assessment scores were significant predictors of
ODI scores recorded over the course of the study, with ODI
increasing by 0.33 units for every 1-unit increase in Your
Activities of Daily Living (P=.01).

Discussion

In this pilot study conducted among patients with CLBP,
engagement with the Limbr compliance enhancement
intervention was high among those who finished the program,;
the majority of completersinteracted with the daily self-reports
multiple times per week and 70% used the self-directed
rehabilitation component as directed. Approximately half of
feedback survey respondents found the daily self-report
components of Limbr to be helpful, and more than 70%
indicated that the daily notifications helped them remember to
perform their rehabilitation exercises. Moreover, the Your
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Activities of Daily Living assessment was found to be
significantly associated with conventional pain assessment
scores, thereby validating itsutility asanovel quantifier of pain
and disability level. These findings suggest that Limbr has
substantial potential as an approach to promoting patient
engagement and self-directed rehabilitation adherencefor CLBP
management.

Although US dataregarding mHealth interventions for patients
with CLBP are limited, evidence exists that Web- or
mobile-based strategies can be effective for reducing pain and
improving self-management in this population [30-32]. In this
study, participants who completed the Limbr program exhibited
a high level of engagement throughout the trial, frequently
interacting with the self-report modules as well as with Force
Therapeutics. It is particularly encouraging that most
respondents found Limbr helpful in remembering to engage
with self-directed rehabilitation, as rehabilitation adherence is
critical for maximum improvement in physical function among
patientswith CLBP[7-9]. In addition, the sustained use of Your
Activities of Daily Living, Medications of Daily Living, and
PAM observed throughout the trial suggests that patients may
find these visual assessments—which provide a simple and
intuitive interface, can be completed quickly, and are readily
adapted to mobile devices—to be easier to use than conventional
reporting methods such as text-based surveys[19,23].

The significant association of the Your Activities of Daily
Living assessment with the ODI scoresis akey finding of this
study. As a visua survey, Your Activities of Daily Living
leverages the inherent ambiguities of images to mitigate some
of the limitations of conventional pain assessments [19]. For
example, although it is not possible for a standardized survey
to contain a comprehensive list of every ADL that could be
relevant for every patient, theimagesin Your Activities of Daily
Living are open to individual interpretation and, therefore, can
be used by different patients to express a wider range of ADL
experiences [19]. Furthermore, standard ADL assessments are
typically performed in an office setting in association with a
clinical encounter, limiting their ability to reflect day-to-day
variability in ADL performance. In contrast, Your Activities of
Daily Living ismobile-friendly and can be completed by patients
at any time without assistance, greatly increasing the scope and
granularity of the ADL information that can be captured.
Validation of Your Activities of Daily Living opens the door
to the creation of mHealth apps that are capable of reliably
measuring patient-reported pain outcomes on aday-to-day basis.
The relationship between Your Activities of Daily Living daily
assessments and pain-related disability as assessed by the ODI
should be explored in further studies.

Participant attrition in this study was high; of 93 patients
enrolled, only 35 (38%) completed the 3-month program.
Although this level of attrition is substantial, it is not unusual
among mHealth interventions, for which the challenge of many
participants discontinuing the intervention and/or being lost to
follow-up is widely acknowledged [33]. For example, only 32
of 180 (18%) study enrollees were retained after 12 weeks in
one recent analysis of a multidisciplinary LBP pain treatment
app, despite the fact that those who completed the program
experienced significant reductionsin pain [34]. Similarly, only
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25% of participants in a 1-year internet-mediated exercise
intervention for patients with CLBP maintained at least 80%
compliance with required data uploads for the duration of the
study [32]. Excellent participant retention was observed in the
4-month  FitBack randomized controlled trial, which
demonstrated greater pain reduction among program usersversus
thosein comparison groups. Of 597 initial enrollees, 580 (97%)
submitted assessments at all three designated time points [30].
It is noteworthy, however, that FitBack participants received
cash rewards for submitting assessments, and the degree to
which those who submitted all three assessments engaged with
theintervention program on adaily or weekly basis (eg, tracking
pain and pain-management activities or watching instructional
videos) is unknown [30]. Furthermore, FitBack is a
comparatively simple Web-based program in contrast to Limbr,
which required installation, maintenance, and utilization of
Seven separate component apps. The complexity of the combined
interactions and maintenance tasks required of Limbr
participants may have been afactor in the high dropout rate. As
nearly half of the chat messages sent by participantsin this study
were categorized as tech support-related, the possibility that
technical difficulties contributed to attrition also cannot be
discounted.

Considerable effort was made to improve patient engagement
and reduce attrition during the course of this study. First, patient
input from feedback surveys and calls was used to improve
usability and enhance the user experience of the daily
self-reports; for instance, two of the reports (Your Activities of
Daily Living and Medications of Daily Living) were updated
and moved from betatesting to the app store. Before this change
was made, betatesting expirations frequently required patients
to manually update their apps, and there was a significant
difference in device usage between iOS and Android phones.
After the update, however, there was no difference in usage
between operating systems (data not shown). This example
highlights the importance of making the patient experience as
seamless as possible to promote engagement with the
intervention.

The other major effort to enhance patient interaction comprised
personalized Limbr Chat messages from the health coach, which
were tailored according to participant data collected via the
Limbr suite. A post hoc analysisreveal ed that 408 health coach
messages were sent, with the largest proportion categorized as
engagement (169/408, 41.4%), followed by technical support
(113/408, 27.6%), and medical/exercise-related messages
(60/408, 14.7%). Findings from previous studies suggest that
interactions with a health coach, including two-way messaging
systems similar to that used in Limbr [35], tend to increase
patient engagement with the intervention [35] and promote
improved self-management of chronic pain conditions [36].
However, of the messages sent from patientsto the coach, only
74 of 147 were unrelated to technical support. Although we
expected more patient messaging, Limbr did little to encourage
patients to engage in a two-way exchange or spontaneously
send messages to the coach. Messages from the coach rarely
prompted the patient to respond, as the coach was not instructed
to do so, and the system itself did not actively guide the patient
to the chat app unless there was a new message waiting. The
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low number of patient-sent messages is not necessarily an
indicator of poor engagement, because patientswho were highly
engaged in the exercising and reporting may havefelt little need
for communication with the coach. Nevertheless, the
effectiveness of various types of health coach messaging is an
important area for future research.

Degpite the relatively high attrition rate, the overal utility of
the Limbr system was scored positively by the majority of
respondents and someindividual componentswerewidely found
to be useful; for example, the weekly summary emailswere met
with optimum positive feedback. On the other hand, reception
of other Limbr components varied considerably across
participants. Daily notifications and recurrent coach messages
were particularly polarizing, seen as vexatious by some
participants but highly motivating by others. This finding
underscores the need for mHealth interventions to take a
personalized approach to engagement rather than relying on a
single method of promoting compliance. Additional studiesto
characterize which engagement efforts are most effective both
overall and for particular patient populations could help enable
the design of highly personalizable interventionsin the future.
Other changes that could reduce attrition and enhance
engagement in a future iteration of the Limbr system include
combining the disparate componentsinto asingle app designed
with user-first principles and fewer technical barriers,
conducting more formal user testing and employing analytical

Selter et d

techniques such as conversion funnel optimization prior to
considering alarger trial and emphasizing two-way messaging
between patient and coach.

Our results should be considered in light of several limitations.
Because the trial was conducted among a small convenience
sample of patients with CLBP, the applicability of the study
findings to other patient popul ations is unknown and should be
assessed in future studies. In addition, because there was no
comparison group, the study outcomes cannot be definitively
attributed to use of the Limbr suite. Finally, although the reasons
underlying the high dropout rate of the trial warrant further
exploration, this study was not designed to analyze the causes
of patient attrition or the types of engagement efforts that were
most helpful in promoting compliance with the intervention.

Thefindings of this pilot study suggest that the Limbr program
shows promise as an approach to enhancing patient
self-management and adherence to self-directed rehabilitation
for CLBP. Engagement among participants who completed the
program was high, and the utility of the program was rated
positively by the majority of respondents. Our results also
support the validity of the Your Activitiesof Daily Living visua
self-assessment for quantifying pain and disability level. Future
studies should assess the effect of Limbr on clinical outcomes,
evaluate its use among a wider patient sample, and explore
strategies for reducing attrition.
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Abstract

Background: The available methods for monitoring food intake—which for a great part rely on self-report—often provide
biased and incomplete data. Currently, no good technological solutions are available. Hence, the SPLENDID eating detection
sensor (an ear-worn device with an air microphone and a photopl ethysmogram [PPG] sensor) was devel oped to enable compl ete
and objective measurements of eating events. The technical performance of this device has been described before. To date,
literature is lacking a description of how such adevice is perceived and experienced by potential users.

Objective:  The objective of our study was to explore how potential users perceive and experience the SPLENDID eating
detection sensor.

Methods: Potential users evaluated the eating detection sensor at different stages of its development: (1) At the start, 12 health
professionals (eg, dieticians, personal trainers) were interviewed and a focus group was held with 5 potential end users to find
out their thoughts on the concept of the eating detection sensor. (2) Then, preliminary prototypes of the eating detection sensor
were tested in alaboratory setting where 23 young adults reported their experiences. (3) Next, the first wearable version of the
eating detection sensor was tested in a semicontrolled study where 22 young, overweight adults used the sensor on 2 separate
days (from lunch till dinner) and reported their experiences. (4) The final version of the sensor was tested in a 4-week feasibility
study by 20 young, overweight adults who reported their experiences.

Results: Throughout all the development stages, most individual s were enthusi astic about the eating detection sensor. However,
it was stressed multiple times that it was critical that the device be discreet and comfortable to wear for alonger period. In the
final study, the eating detection sensor received an average grade of 3.7 for wearer comfort on a scale of 1 to 10. Moreover,
experienced discomfort was the main reason for wearing the eating detection sensor <2 hours a day. The participants reported
having used the eating detection sensor on 19/28 instructed days on average.

Conclusions: The SPLENDID eating detection sensor, which uses an air microphone and a PPG sensor, is a promising new
device that can facilitate the collection of reliable food intake data, as shown by its technical potential. Potential users are
enthusiastic, but to be successful wearer comfort and discreetness of the device need to be improved.

(JMIR Mhealth Uhealth 2018;6(9):e170) doi:10.2196/mhealth.9781
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Introduction

Background

The available methods for monitoring food intake—which for
a great part rely on self-report—often provide biased and
incomplete data [1-5]. Depending on the exact method used,
they require peopleto eat consciously, be knowledgeabl e about
what they eat, be able to estimate portion size, and remember
al that information. As a result, these methods are prone to
underreporting. It is common for people to report an
unrealistically low energy intake, that is, an energy intake that
istoo low to sustain their body at alow level of physical activity
[6-9]. Current technological advances have enabled the
development of toolsthat can facilitate the collection of reliable
food intake data.

Currently, some devices are available that can be used to
increase the reliability of food intake monitoring. The
Mandometer, for example, can be used to measure the size of
meals. It isaweighing scale that is placed underneath the plate
during ameal [10]. Furthermore, anumber of wearable devices
have been developed that can automatically detect eating
[11-14]. These are mostly ear- and neck-worn devices. They
use sensors (eg, amicrophone or strain sensor) to collect signals
that contain information on whether or not a person is eating.
Pattern-recognition agorithms are used to extract this
information.

In particular, devices that can detect eating events have the
potential to reduce underreporting. Such adevice can take awvay
the need for peopleto be conscious about their eating. Moreover,
this information can be used to prompt people to report what
they are eating at the moment they are eatingit. It can, therefore,
also take away the need for people to remember what they ate.
However, there is not yet a device for the automatic detection
of eating that is practical for everyday use, despite the progress
made in this area. Such devices, for example, require peopleto
accurately position a sensor on the body with tape or require
peopleto wear itemslike glasses or ahat to carry the functional
parts[13,15,16].

Development of the SPLENDID Eating Detection
Sensor

Within the context of SPLENDID, an information and
communications technology project funded by the European
Union [17,18], we aimed to take the next step and develop a
device for the automatic detection of eating events that is
practical for everyday use. It was decided to create an ear-worn
device as this was expected to be acceptable for young,
overweight adults, which was our primary target group. In the
future, such a device could be incorporated into other devices
the target group is aready using, such as earphones used for
listening to music. Moreover, such adevice could be appropriate
for awider population.

The eating detection sensor was built using an iterative,
incremental development approach. At each iteration (ie,
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development stage), weintroduced design modifications, added
new functionalities, and evaluated the resulting prototype. The
devel opment of the eating detection sensor consisted of 3 stages.
These are briefly described below.

Development of Preliminary Prototypes

During the development of the eating detection sensor, different
options for signal collection were considered:

« Anair microphone placed at the beginning of the ear canal
that measures sounds produced by chewing [19-21].

« A bone conduction microphone placed on the cheekbone
just in front of the ear that measures the vibrations in the
bone produced by chewing [22,23].

« A photoplethysmogram (PPG) sensor placed on the ear that
measures the blood volume in the tissue of the ear, which
is affected by chewing activity [20,21,24]. This technique
has never before been used for this application.

For al three options, a prototype was developed, and these
prototypes were tested in a laboratory study [19].

Development of the First Wearable Version

Based on the results of the laboratory study, we decided to
continue with a combination of the air microphone and PPG
sensor without the bone conduction microphone. Overall, the
air microphone had shown the best results, but the PPG sensor
was better at detecting soft foods [19]. These two sensors were
combined for more accurate detection of eating events over a
wide range of foods. Furthermore, due to its low sampling rate
(21.33 Hz for our prototype), the PPG sensor has low battery
requirements and is computationally efficient.

To make the new version of the eating detection sensor
wearable, another device the “ datalogger” wasadded to it [21].
It houses a data acquisition system, a battery, and an
accelerometer. It isconnected viaacableto the eating detection
sensor and isworn in the trouser pocket or on a belt.

This first wearable version of the eating detection sensor was
tested in asemicontrolled study [20,21,24]. Theresults obtained
with the eating detection sensor were promising and were further
improved by the addition of an accel erometer in the datal ogger.
Algorithmsusing signalsfrom the air microphone, PPG sensor,
and accelerometer achieved an accuracy of 0.938, a precision
of 0.794, and arecall of 0.807 [21].

Development of the I ntegrated Version

Finally, the wearable eating detection sensor was integrated
into a larger system for added functionality (Figure 1). This
system includes, among others, asmartphone app and awebtool.
The smartphone app can prompt the user to report the detected
eating events. The webtool can provide an overview of the
recorded eating events. Furthermore, goals regarding a healthy
eating pattern can be entered into this webtool. Consequently,
the smartphone app can help the end user achieve these goals
by providing real-time feedback when the eating detection
sensor is worn. The integrated version of the eating detection
sensor was tested in a4-week feasibility study.
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Figure1l. The SPLENDID eating detection sensor integrated into the full SPLENDID system. This system combines the eating detection sensor with

adatalogger (including an accel erometer), the Mandometer, a smartphone app, and awebtool, functioning together as a“wearable personal coach.”.
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This Study

In this study, we aimed to explore how potential users perceive
and experience the SPLENDID eating detection sensor. This
will offer insight into its feasibility from a user’s perspective.
Furthermore, this will provide directions for the further
development of the SPLENDI D eating detection sensor and the
development of similar devices. During the development of
such devices, the primary focus is usually on their technical
performance, but for these devices to be successful, they also
need to be acceptable to the users.

Potential users evaluated the SPLENDID eating detection sensor
at the different stages of its development (Figure 2).

»  Study 1, evaluation of the concept of SPLENDID eating
detection sensor: Before any prototypes of the eating
detection sensor were developed, health professionals
(n=12) were interviewed, and a focus group was held with

potential end users (n=5) to find out their thoughts on the
concept.

Study 2, evaluation of the preliminary prototypes of the
eating detection sensor: Young, normal-weight adults
reported their experiences with the three preliminary
prototypes of the eating detection sensor during the
laboratory study.

Study 3, evaluation of the first wearable version of the
eating detection sensor: Young, overweight adults reported
their experiences with the subsegquent version of the eating
detection sensor during the semicontrolled study where
they used the sensor on 2 separate days (from lunch till
dinner).

Study 4, evaluation of the integrated version of the eating
detection sensor: Finally, young, overweight adults reported
their experiences with the eating detection sensor during a
4-week feasibility study where they used the esting
detection sensor in combination with other devices (see
Figure 1).

Figure 2. Flowchart indicating how the evaluation studies (blue) relate to the development stages of the SPLENDID eating detection sensor (gray).

Study 1: Evaluation of the concept

|

i
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Study 2: Evaluation of the preliminary prototypes
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Methods

Study 1: Evaluation of the SPLENDID Eating
Detection Sensor Concept

Before any prototypes of the eating detection sensor were
developed, potential users were asked about their thoughts on
the concept of the eating detection sensor. Health professionals
were interviewed, and a focus group was held with potential
end users.

Study l1a: Interviews with Health Professionals

We conducted semistructured, in-depth, face-to faceinterviews
with 12 health professional s who deal with weight management
professionally (eg, dieticians, personal trainers). First, the
concept was explained to them, and subsequently, they were
asked about their views on different aspects of the concept. All
interviews were recorded and later transcribed and
systematically analyzed.

Study 1b: Focus Group With Potential End Users

A focus group was held with 5 young women (mean age 22
[SD 2] years, mean body mass index [BMI] 22.5 [SD 1.9]

kg/m?) interested in weight management. First, the concept was
explained to them, and subsequently, they were asked
open-ended questions to facilitate discussion. The focus group
was recorded and later transcribed and systematically analyzed.

Study 2: Evaluation of the Preliminary Prototypes of
the Eating Detection Sensor

The preliminary prototypes of the eating detection sensor were
tested in a laboratory setting [19]. The pictures of these
prototypes are shown in Figure 3. With these prototypes, it was
yet not possible to move around freely.

The prototypesweretested by 23 healthy, young adults (13 men
and 10 women; age 23 [SD 3] years, mean BMI 22.6 [SD 3]

kg/m?). They visited the university for a test session of
approximately 1.5 hours. During this session, al three prototypes
were worn simultaneously by the participants while they
consumed avariety of foods and performed other activitiessuch
as talking. The air microphone was worn on the left ear, and
the bone conduction microphone and PPG sensor were worn
on the right ear. Afterward, the participants received a
questionnaire concerning their experiences with the sensors.
This included both closed and open-ended questions.

This study was approved by the Medical Ethical Committee of
the Wageningen University (NL 48839.081.14).

http://mheal th.jmir.org/2018/9/e170/
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Study 3: Evaluation of the First Version of the
Wear able Eating Detection Sensor

Oneyear later, thefirst wearable version of the eating detection
sensor was tested in a semicontrolled study [20,21,24]. It
comprised a commercial earhook in which both the air
microphone and PPG sensor wereincorporated (Figure4). Also,
a magnet was included to ensure that the PPG sensor was
positioned properly. Furthermore, as described in the
introduction, the datal ogger was added to the eating detection
sensor to make it wearable (Figure 4). The combination of the
air microphone, PPG sensor, and accelerometer (incorporated
into the datalogger) enables more accurate detection of eating
events[21].

Twenty-two overweight, young adults (3 men and 19 women;

mean age 23 [SD 2] years; mean BMI 28.0 [SD 2.3] kg/m?)
tested the wearable eating detection sensor. They participated
for 2 testing days. They arrived just before lunch (11 am) and
left after they had dinner (around 6 pm). At these testing days,
they performed common, daily-life activities (including
snacking) while wearing the eating detection sensor.
Furthermore, the parti cipants compl eted questionnaires on user
comfort, which included both closed and open-ended questions.

This study was approved by the Medical Ethical Committee of
the Wageningen University (NL52100.081.15).

Study 4: Evaluation of the Integrated Version of the
Eating Detection Sensor

Finaly, the integrated version of the eating detection sensor
was tested by young, overweight adultsin a 4-week feasibility
study (Figures 1 and 5). To increase wearer comfort, the size
of the datalogger and plug was reduced in this version (Figure
6). The eating detection sensor was virtually unchanged, and
because of known issues with wearer comfort, the participants
only had to wear it for 2 hours per day.

In total, 20 overweight, young adults (4 men and 16 women;

mean age 25 [SD 2] years; mean BMI 28.8 [SD 2.8] kg/m?)
motivated to adopt healthier behavior participated in the 4-week
feasibility study. During the first week, the participants used
the system to assess their baseline eating behavior. Based on
the observed behavior, personal goalswere set for thefollowing
3 weeksregarding the number of snacks. During these 3 weeks,
the participants received personaized feedback through the
smartphone app to help them achieve these goals. Afterward,
they completed a questionnaire on their experiences, which
included both closed and open-ended questions.

This study was approved by the Medical Ethical Committee of
the Wageningen University (NL56853.081.16).
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Figure 3. Preliminary prototypes of the eating detection sensor: air microphone (left), bone conduction microphone (middle), photoplethysmogram
sensor (right).

_—
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Figure 4. First wearable version of the eating detection sensor (left: the eating detection sensor; right: the eating detection sensor and the datal ogger).

Figure5. Integrated version of the SPLENDID eating detection sensor with its datal ogger.
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Figure 6. Old version and new, smaller version of the datalogger (left) and plug (right).
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Results

Study 1: Evaluation of the SPLENDID Eating
Detection Sensor Concept

Study 1a: I nterviews With Health Professionals

A device like the eating detection sensor was new to al health
professionals (n=12), but some already had experience with an
app (n=5) or accelerometer (n=4). In genera, the hedth
professional swere enthusiastic about the eating detection sensor.
Some were a bit skeptical at first (n=4), but after talking and
thinking about it alittle more, they thought that the sensor could
be very useful to gain insight into the users’ eating pattern. The
users, however, need to forget that they are wearing the eating
detection sensor.

The first thing | thought was: this is a bit
excessive...But when thinking about myself when |
am for example cooking, | unconsciously eat some
food. People forget to write that down, so this could
be very useful.

An important thing isthat end users should “ forget”
that they are wearing it. Then you will get a good
overview of their eating patterns.

Furthermore, they stressed that the esating detection sensor
should be reliable and accurate, not cost them too much time,
and come with aclear protocol on how to work with it.

Study 1b: Focus Group With Potential End Users

The participants were aready familiar with all kinds of
smartphone apps to record food intake. They were enthusiastic
about what the eating detection sensor had to add. One of the
participants mentioned that it will help her when she “ secretly”
eats something, and thiswill give agood insight into her eating
pattern. However, the participants also had some concerns
regarding the eating detection sensor. It should be ensured that
it is comfortable to wear for along time, and it should not be
too noticeable.

http://mheal th.jmir.org/2018/9/e170/

Study 2: Evaluation of the Preliminary Prototypes of
the Eating Detection Sensor

For wearer comfort, the air microphone received an average
grade of 6.7 (range: 2-9) on a scale of 1 to 10, the bone
conduction microphone 5.8 (range: 2-10), and the PPG sensor
6.7 (range: 4-9). The grade for wearer comfort did not differ
significantly between the prototypes (analysis of variance
[ANOVA], P=.13). The participants indicated they would be
able to wear the air microphone for an average of 5.7 (range:
0-24) hours per day, the bone conduction microphone for 5.6
(range: 0.5-24) hours per day, and the PPG sensor for 5.4 (range:
4-9) hours per day. This value did not differ significantly
between the prototypes (ANOVA, P=.99).

The open-ended questions provide an explanation for these
results. The most frequently mentioned remarks regarding the
air microphone were that the sensor was comfortable to wear
(n=18), but that it lowered the users’ hearing ability (n=10) and
that they would get tired of the sensor after wearing it for a
longer period (n=15). Regarding the bone conduction
microphone, the participants most frequently mentioned that it
remai ned unnoticed while wearing (n=10), that the sensor could
be annoying during exercise (n=9), and that the sensor put
pressure on their head and neck (n=5). Regarding the PPG
sensor, the participants most frequently mentioned that they did
not notice that they were wearing the sensor (n=11), the sensor
lowered their hearing ability (n=6), and the sensor cable was
pulling and annoying (n=4). Regarding the prototypesin general,
the most frequently mentioned barrier for wearing them in real
lifewasthat they were very noticeable and oddly shaped (n=8).
In turn, the most often mentioned wishes were that the
prototypes should be as invisible as possible (n=13) and that
they should be comfortable to wear (n=10).

Study 3: Evaluation of the First Wearable Version of
the Eating Detection Sensor

The participants graded the wearer comfort of the chewing
sensor an average of 3.8 (range: 2-7) on a scale of 1 to 10.
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Furthermore, participants indicated that they would be able or
willing to wear the chewing sensor for 3.9 (range: 2-7 h) hours
per day. Some participants, however, mentioned that they would
be able to wear it for a longer time if there were breaks in
between.

There was large variation in the answers of the participants
regarding how the chewing sensor affected eating, moving, and
talking. Most participants agreed with the statement that the
chewing sensor was bothering them: 19 out of the 20 partici pants
scored higher than 5 on a 9-point Likert scale (1=totally
disagree, 5=neutral, 9=totally agree).

The open-ended questions provide an explanation for these
results. The most frequently mentioned remarks regarding the
wearer comfort of the eating detection sensor were: “the chewing
sensor was painful to the ear” (n=16), “the cable was annoying
or hindering” (n=14), “the sensor reduced hearing” (n=8), and
“internal noises were heard better” (n=5). Three participants
experienced no or only little discomfort.

Study 4: Evaluation of the Integrated Version of the
Eating Detection Sensor

Of the 20 participants, 19 experienced discomfort from the
eating detection sensor; they started experiencing discomfort

van den Boer et al

after an average of 1 hour and 20 minutes. The participants
graded the average wearer comfort of the eating detection sensor
at 3.7 (range: 1-7) on ascale of 1 to 10. Moreover, they scored
the statement “The sensor bothered me” an average of 5.5
(range: 4-7) onascaeof 1 (totally disagree) to 7 (totally agree).

The participants reported having used the eating detection sensor
on an average of 19 out of the intended 28 days, of which they
used it for at least 2 hours on 17 days. During the first week,
compliance was highest, with the eating detection sensor being
used for an average of 6 days. The most frequently mentioned
reasons for wearing the sensor <2 hours per day (open-ended
question) were discomfort (n=14) and technical issues, such as
broken sensor (n=8; Table 1). Furthermore, if the participants
used the sensor, it was for an average of 1.9 hours (range: 1-4
hours).

Regarding reactions from the social environment, the
participants gave mixed results. They scored the statements
“People in my environment noticed the sensor” and “I did not
like it when people noticed the sensor” an average of a 3.4
(range: 1-7) onascaeof 1 (totally disagree) to 7 (totally agree).

Table 1. Reasons mentioned for wearing the eating detection sensor <2 hours and their frequency.

Reason

Frequency

Discomfort

Technical issues (eg, broken sensor)
Reduced hearing

Impractical (eg, with sports)
Inappropriate (eg, at work)
Noticeable

Forgotten

Not enough time

14

P PP WO O

Table 2. Additional remarks regarding the eating detection sensor and their frequency.

Additional remarks

Frequency

Cableis not practical

The eating detection sensor got noticed

The eating detection sensor reduced hearing

The eating detection sensor was uncomfortable
Experienced technical issues with the eating detection sensor
Had to explain what the eating detection sensor is
Inappropriate to use in certain situations

Added value of eating detection sensor unclear
Received no reactions from environment
Received positive reactions from environment
Experienced no problems

Looks like listening to music

Not practical

R N N NN W W w s oo NN
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When the participants were asked whether they had any
additional remarks (ie, open-ended question), they most
frequently mentioned that the cable was not practical (n=7), the
sensor got noticed (n=7), and the sensor lowered their hearing
(n=5; Table 2). Furthermore, some participants indicated that
they did not see the added value of the sensor because they
believed that they did not need it to remind them to note the
foods consumed and that the detections were not always
accurate.

Discussion

Principal Results

The current paper explores how potential users perceive and
experience the SPLENDID eating detection sensor. Across the
different stages of development, the potential users were
enthusiastic about the concept. They especialy liked that it
provided objective information on their eating patterns.
However, they stressed that it needed to be comfortableto wear
and discreet. The latest version of the eating detection sensor
did not yet meet these requirements.

For the eating detection sensor to meet the user requirements,
further improvements need to be made. In particular, thewearer
comfort of the sensor requires attention. After wearing the sensor
for awhile (ie, on average, after 80 minutes) the potential users
started experiencing discomfort. As a result, they graded the
wearer comfort of the sensor at 3.7 on ascaleof 1to 10in the
final study. Moreover, the experienced discomfort wasthe main
reason for the participants to wear the sensor for <2 hours.

One option would be to offer different shapes and sizes of the
eating detection sensor so that the users can find a sensor with
agood fit. Thiswould also improve the ability of the deviceto
detect eating events. The current eating detection sensor fits
some people better than others, which is reflected in the wide
rangein the grades for wearer comfort (1-7 for the last version,
on ascalefrom 1to 10). Another option would be to reduce the
size of the eating detection sensor and to make it more like a
hearing aid; these are made to be worn throughout the day,
unlike earphones. However, the technically feasibility needsto
be investigated.

By resolving the issues related to wearer comfort, the visibility
of the eating detection sensor is likely to be reduced as well.
Furthermore, the visibility of the current version of the eating
detection sensor was aready acceptable to some of the
participants. They mentioned that even though people in the
environment noticed the eating detection sensor, they did not
recognize it as such because it looks like adevice for listening
to music. This is a major advantage of the ear-worn devices
over some of the other devicesthat are being developed for the
detection of eating events (eg, heck-worn devices or a device
mounted onto eyeglasses)[14,25-27].
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It would be interesting to repeat the feasibility study once the
eating detection sensor has been improved for wearer comfort
and visibility. The SPLENDID eating detection sensor is a
device with great potential as shown by its technical
performance [19-21,24]. It could help provide amore complete
picture of food intake, which is a major issue with the current
methods for monitoring food intake [1-4,6-9].

Limitations

In the feasibility study, due to the issues with wearer comfort,
the participants were asked to wear the eating detection sensor
for at least 2 hours, while it is intended to be used throughout
the day. Thiswill affect the user experience. Aswas mentioned
by the health professionals, people need to forget that they are
wearing the eating detection sensor. Because the participants
only used the eating detection sensor for an average of 1.9 hours
per day and started to experience some discomfort after awhile,
they might not have been able to forget that they were wearing
the eating detection sensor.

If the participantsin the feasibility study had been less conscious
about the fact that they were wearing the eating detection sensor,
they probably would also have been less conscious about their
eating, and then, the added value of the eating detection sensor
would have been more evident. For 15% (3/20) of the
participants, the added value of the eating detection sensor was
unclear. They did not fedl that they needed such a sensor to
remind them to report the foods consumed.

Comparison With Prior Works

To our knowledge, this is the first paper to describe how an
ear-worn device for the detection of eating events is received
by potential users and to describe their experiences with such
a device in real life. It shows that ear-worn devices for the
detection of eating events need to meet high standards to be
acceptable for everyday use.

When tested in alaboratory setting, the eating detection sensor
received a sufficient grade for wearer comfort, whileit received
an insufficient grade when it was tested in real life. Moreover,
the participants did not experience discomfort as soon as they
started wearing the sensor; they started experiencing discomfort
only after 80 minutes of wearing it. It isimportant to keep this
in mind when interpreting the results from the laboratory studies.

Conclusions

The SPLENDID eating detection sensor is a promising new
device that can facilitate the collection of reliable food intake
data as shown by its technical potential, which has been
described before. Furthermore, potential users are enthusiastic
about it. They especialy like that it provides objective
information on their eating patterns. However, to be successful,
the wearer comfort and discreetness of the device need to be
improved. Therefore, further development of the device should
mainly focus on the design of the hardware.
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Abstract

Background: Theuseof physical activity (PA) monitorsis commonly associated with an increasein habitual PA level in healthy
and clinical populations. The PiezoRx is a medical-grade PA monitor that uses adjustable step rate thresholds to estimate
moderate-to-vigorous physical activity (MVPA) and isavalid indicator of free-living PA in adults. Laboratory validation of step
count derived MVPA in adults is needed to justify the use of these monitors in clinical practice to track individuals' progress
toward meeting PA guidelinesthat are based on MV PA, not steps.

Objective: The objective of our study was to assess the validity and interinstrument reliability of the PiezoRx to derive step
count and MVPA in alaboratory setting compared with criterion measures and other frequently used PA monitorsin a diverse
sample of adults.

Methods: The adult participants (n=43; 39.4 years, SD 15.2) wore an Omron HJ320 pedometer, an ActiGraph GT3X
accelerometer, and four PiezoRx monitors during a progressive treadmill protocol conducted for 6 minutes at speeds of 2.4, 3.2,
4.0, 5.6, 6.4, and 7.2 km/hour, respectively. The four PiezoRx monitors were set at different MVPA step rate thresholds (MPA
in steps/minute/VPA in steps/minute) 100/120, 110/130, height adjusted, and height+fitness adjusted.

Results: The PiezoRx was more correlated (intraclass correlation, |CC=.97; P<.001) to manual step counting than the ActiGraph
(ICC=.72; P<.001) and Omron (ICC=.62; P<.001). The PiezoRxs absolute percent error in measuring steps was 2.2%
(ActiGraph=15.9%; Omron=15.0%). Compared with indirect calorimetry, the height-adjusted PiezoRx and ActiGraph were
accurate measures of the time spent in MV PA (both ICC=.76; P<.001).

Conclusions: The PiezoRx PA monitor appears to be a valid and reliable measure of step count and MVPA in this diverse
sample of adults. The device's ability to measure MVPA may be improved when anthropometric differences are considered,
performing at par or better than aresearch grade accelerometer.

(IMIR Mhealth Uhealth 2018;6(9):€10706) doi:10.2196/10706
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Introduction

Regular physical activity (PA) and exercise are associated with
a reduced risk of developing cardiovascular diseases, cancer,
and diabetes mellitus [1]. However, most Canadians do not
engage in a sufficient level of daily activity with only 15%
meeting the PA guidelines of 150 minutes of
moderate-to-vigorous aerobic physica activity (MVPA) per
week and 35% achieving 10,000 steps per day [2]. The use of
PA monitors is one way of assisting individuals in increasing
their PA; meta-analyses of randomized controlled trials have
shown that the use of PA monitors increased the daily activity
of the healthy and diseased populations by 1800-2500 steps per
day [3,4]. Moreover, step count prescriptions provided by
physiciansincreased the daily step count by 20% and improved
the glycemic control of patients with type 2 diabetes and
hypertension after 1 year compared with the control group [5].
Several primary care providersidentify that thelack of tangible
aids (ie, pedometers and resources to support PA) is a major
barrier in prescribing exercise [6]. Health care providers may
not use PA monitors as a measurement tool because of their
accuracy and reliability, particularly owing to the different
capabilities of popular commercial grade PA monitors in
measuring step count and MVPA [7]. Considering the
accumulating evidence on the benefits of PA and the clinical
outcomes of PA monitoring, the validity and reliability of such
patient-focused PA monitors must be evaluated. A greater
confidence in the measurement of accuracy may lead to an
increase in the use of PA monitors among health care
professionals.

Recently, anew piezoelectric PA monitor (PiezoRx, StepsCount
Inc, Deep River, ON, Canada) has been approved as a class 1
medical device by Health Canada, and this device may be
prescribed by health care providers to their patients for
monitoring PA. Moreover, the device uses adjustable step rate
thresholds to determine the time spent performing MVPA.
Factory settings of 100 steps per minute (spm) and 120 spm
were identified to correspond to moderate physical activity
(MPA; 3 metabolic equivalents, METS) and vigorous physical
activity (VPA; 6 METS), respectively, based on previous
indications for these thresholds from the literature [8-10].
However, the MVPA step rate thresholds differ when
considering individual anthropometric (ie, height) and aerobic
fitness differences [10-12]. Whether adjusting the MV PA step
rate thresholds according to factors known to influence step rate
bioenergeticsimprovesthe validity of the PiezoRx in measuring
MVPA is not known. A recent pilot study has shown that the
height-adjusted PiezoRx can accurately measure step count and
MVPA in a diverse sample of adults in free-living conditions
compared with accelerometry [13]. However, the use of the
ActiGraph as a criterion measure of MV PA may produce some
errors compared with direct counting of steps and indirect
calorimetry. In addition, only a single-adjusted PiezoRx was
used, and whether other MVPA thresholds are more accurate
isunclear. Therefore, the accuracy of multiple PiezoRx devices
set at individualized MV PA thresholds must be compared with
that of indirect calorimetry in a controlled |aboratory setting.

http://mhealth.jmir.org/2018/9/e10706/
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Previous laboratory validation studies have used the older
versions of the device (SC-StepM X and SC-StepRXx), and results
have shown that the device was better than research grade PA
monitors in measuring the step count of healthy children and
young adults [14], adults[15], and older adults [16]. When the
MVPA step rate thresholds (MPA/VPA) were increased to
110/130, the PiezoRx and a research grade accelerometer had
similar measurements for MVPA compared with indirect
calorimetry in children and young adults[14], although no study
to date has compared the accuracy of the devices and indirect
calorimetry in measuring MV PA in adult populations.

Considering the potential of a medical-grade PA monitor to
assist hedth care providers in prescribing exercise and
monitoring the PA of their patients, the accuracy of such devices
in measuring step count and MVPA must be evaluated.
Therefore, this study aimed to assess the validity and
interinstrument reliability of these devices in measuring steps
and MVPA during a progressive treadmill walking protocol in
adiverse sample of adults.

Methods

Participants

A sample of 43 adults (25 women) aged between 20 and 64
years (mean age 39.4 years, SD 15.2) volunteered to participate
in this study. The average body massindex (BMI) and aerobic

fitness of the participants were 27.9 kg/m? (SD 6.1) and 41.2
mL/kg/min (SD 10.2), respectively. The majority (n=24) of
participants answered “yes’ to at least one question in the
Physical Activity Readiness Questionnaire Plus (PAR-Q+), and
they were cleared for MVPA [17]. Moreover, they completed
the Canadian Society for Exercise Physiology-Physical Activity
and Sedentary Behavior Questionnaire (CSEP-PASB-Q), which
isavalid and reliable measurement tool for weekly MV PA [18].
The participants self-reported their aerobic fitness level s based
on PASB-Q as poor (n=1), fair (n=6), good (n=12), very good
(n=13), and excellent (n=11). All participants were recruited
via a community-wide email and by word of mouth, and a
written informed consent was obtained from the participants.
The study was conducted in Wolfville, Nova Scotia, from May
2015 to September 2015, and it was approved by the research
ethics board of Acadia University (REB# 15-20).

Experimental Design

After the prescreening procedures, anthropometric (ie, height
and weight) measurements and aerobic fitness were evaluated
by a Canadian Society for Exercise Physiology-Certified
Personal Trainer according to published guidelines [19,20].
Aerobic fitness was predicted using the submaximal Ebbeling
protocol [21], as described in more detail below. After the
submaximal aerobic test, aresting period of 20-30 minutes was
allotted to ensure that the participants returned to arested state;
then, four PiezoRxs, one Omron HJ-320, and one ActiGraph
GT3X accelerometer were placed around the waist of the
participants according to manufactures recommendations.
Thereafter, the participants were asked to complete the
multistage treadmill walking protocol to assess and compare
the validity of the ActiGraph, Omron, and PiezoRx with finite
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step rate thresholds (ie, 100/120 and 110/130) and individualized
step rate thresholds (ie, height adjusted and height+fitness
adjusted) with that of the criterion measures of manual step
counting and indirect cal orimetry.

Aerobic Fitness

Aerobic fitness was estimated using the Ebbeling walking
treadmill protocol [21]. The Ebbeling consists of two 4-min
walking stages. Thefirst stageis designed to reach a speed that
elicits 60% of the participants maximum estimated heart rate
(ie, 220-age). The second stage included the increase in the
incline by 5% and maintenance of the previously established
speed. Treadmill speed and steady-state heart rate were used to
estimate VO, 5, Using aprediction equation [20]. A submaximal
test was chosen over a maximal test for safety reasons and a
minimal influence after the walking assessment because it was
most practical to completethefitnesstesting and step assessment
in asingle session.

Physical Activity Monitors

Each participant used four PiezoRx pedometers (StepsCount,
ON, Canada), one ActiGraph GT3X accelerometer (ActiGraph,
FLA, the USA), and one Omron HJ-320 pedometer (Omron
Healthcare, Kyoto, Japan) that were attached on an adjustable
leather belt around their waist. All devices were worn in
accordance with the manufactures recommendations. In
particular, two PiezoRx and ActiGraph were fitted in line with
the | eft thigh, whereas the other two PiezoRx and Omron were
fitted in line with the right thigh. The ActiGraph accel erometer
was sampled at 30 Hz and was initialized to collect data using
15-second epochs. The ActiGraph cut point for MVPA was
>1952 counts [22]. The PiezoRx thresholds for monitoring
MVPA were set as follows: 100/120, 110/130, adjusted for
height, and adjusted for height+fitness (Table 1). The PiezoRxs
thresholds that were set at 100/120 and 110/130 were based on
the current literature that consistently showed that 100-110 spm
isequal to~3 METs(ie, 10.5 mL/min/kg) and that 120-130 spm
isequal to ~6 METs (ie, 21 mL/min/kg) in adults[8-11,23,24].

Adjustments recommended for height and fitness were based
on previous literature and unpublished resultsin our laboratory
indicating height and fitness related changes in step rate
bioenergetics [10-12]. For these adjustments, baseline step
thresholds were chosen based on the avallable literature
indicating that 100 and 130 spm are heuristic cadence-intensity
thresholds for MPA and VPA, respectively [24].

An adjustment of 5 spmisappropriate for every 10 cmincrease
(ie, 5 spmlower) or 10 cm decreasein height (ie, 5 spm higher)
based on the premise that shorter individuals must take more
steps to cover the same distance and therefore similar external
work. In addition, considering the known impact of
cardiorespiratory fitness on step rate bioenergetics [12], aerobic
fitness was proportionally associated with 10 spm adjustments
to step rate thresholds. For example, a VO, . Of “Excellent”
[19] resulted in an increase in MPA and VPA step rate
thresholds by 10 spm (eg, 110/140; see Table 1).

The distributions of MVPA step rate thresholds for the
height-adjusted PiezoRx were asfollows: 90/120 (n=1), 95/125
(n=11), 100/130 (n=10), 105/135 (n=17), and 110/140 (n=4).

http://mhealth.jmir.org/2018/9/e10706/
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The distributions of MVPA step rate thresholds for the
height+fitness-adjusted PiezoRx were asfollows: 90/120 (n=2),
95/125 (n=13), 100/130 (n=6), 105/135 (n=13), 110/140 (n=7),
and 115/145 (n=2).

Exer cise Protocol

Once the participants were equi pped with the activity monitors,
they werefitted with aheadpi ece, two-way nonrebreathing valve
(Hans Rudolph, Inc, KS, the USA), noseclip, and mouthpiece.
The metabolic cart (TrueOne 2400; Parvo Medics, UT, USA)
was calibrated using nitrogen and two primary standard gas
mixturesto an error rate of 0.01%. The pneumotachometer was
calibrated using a 3-L syringe that delivered fixed volumes at
different flow rates. Volume calibration was <0.1 L. They
proceeded to complete a 6-stage treadmill protocol at
predetermined speeds of 2.4, 3.2, 4.0, 5.6, 6.4, and 7.2 km/h at
0% grade, which correlated to a metabolic intensity average of
2.6(SD 0.4),2.8(SD 0.4), 3.1 (SD 0.4), 4.3 (SD 0.4), 5.3 (SD
0.4), and 6.8 (SD 0.7) METsfor each stage, respectively. Each
stage consisted of 6 min of walking to achieve a metabolic
steady state, followed by 4 min of rest. The steady-state VO,
was used as stage VO, in the analysis to limit the variability
introduced by oxygen kinetics during the onset of exercisein
each stage. Stepswere manually counted by two instructorsfor
2-3 and 4-5 min during each stage to determine the step count
criterion. A video camera was used to film the feet of the
participant in case the testers recorded >1 step difference during
astage. The 6-stage protocol corresponded to stepping cadences
of 86 (SD 8), 97 (SD 7), 106 (SD 7), 120 (SD 7), 128 (SD 7),
and 139 (SD 8) spm for each stage, respectively. Datafrom the
PiezoRx and Omron monitors were extracted during the 4-min
rest phase with the participant straddling the treadmill, and the
devices were reset prior to the next stage. Data from the
ActiGraph were extracted at the end of the exercise. At theend
of each stage, the participants immediately straddled the
treadmill. Immediately prior to the start of the next stage, the
treadmill belt speed was increased to the necessary speed to
avoid differences in step count and MVPA that may occur
during treadmill acceleration or deceleration. The test was
terminated because of volitional fatigueif the participant reached
85% of hisor her estimated maximum heart rate (220 — age) or
if they finished all 6 stages of the protocol. An appropriate cool
down was administered by theinstructor while monitoring their
heart rate recovery.

Data and Statistical Analyses

Data were analyzed using the Statistical Package for Social
Sciences software version 23.0 (IBM, NY, USA). A P value
<.05was considered statistically significant. Manually counted
stepsand MV PA obtained viaindirect calorimetry were assessed
for normality using the Shapiro-Wilk test. Manually counted
steps were normally distributed (P>.05). However, MVPA
obtained viaindirect calorimetry were not normal owing to the
number of walking stages composed of either O or 360 sec of
MVPA. Only the PiezoRx set at factory settings was used for
thevalidity of the step count analysis. The steps counted within
2-3 and 4-5 min for each stage were averaged and multiplied
by afactor of 6 to determine the number of stepsfor each 6-min
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stage. In relation to this, the steps counted within 2-3 and 4-5
min were always within 2 step/min.

A two-way mixed-model intraclass correlation coefficients
(ICC) with measures of consistency were utilized to measure
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the strength and consistency of each device's capability to
measure steps with those of the criterion measure of manual
step counting. The Lin's concordance coefficients (LCC) and
Bland-Altman plots (BAPs) were utilized to assess the
agreement between monitors and the criterion measures[25,26].

Table 1. Algorithm used to determine the PiezoRx height- and fitness-adjusted moderate-to-vigorous physical activity step rate thresholds.

Height, cm (ftin) Height adjusted (MPA/VPA® thresholds)

Fitness classification® (MPA/VPA thresholds)

Poor/fair Good/very good Excellent

140 (4'8") 115/145 105/135 115/145 125/155
150 (5'0") 110/140 100/130 110/140 120/150
160 (5'3") 105/135 95/125 105/135 115/145
170 (5'7") 100/130 90/120 100/130 110/140
180 (5'11") 95/125 85/115 95/125 105/135
190 (6'3") 90/120 80/110 90/120 100/130
200 (6'6") 85/115 75/105 85/115 95/125

3\IPA/VPA: moderate physical activity/vigorous physical activity.

b Therati ngs for aerobic fitness were based on normative val ues from the Canadian Society for Exercise Physiology (CSEP) physical activity and training

for health.

BAPs were also generated based on the steps measured using
the PiezoRx, ActiGraph, and Omron to determine the mean bias
(ie, overpredicted or underpredicted values) and the limits of
agreement (LoA; SD 95% of mean bias). A 4x6 (devicexstage)
repeated measure analysis of variance (RM-ANOVA) was used
to assess the differences between the PiezoRx, Omron, and
ActiGraph stepsaswell asmanual step counting acrosstreadmill
stages. The absolute percent error (APE) of the PiezoRx,
ActiGraph, and Omron was calculated using the equation:
(Imanually counted — device measured|)/(manually counted) x
100%. The reliability of the PiezoRx step count function was
assessed using ICC and RM-ANOVA (devicexstage) using all
four devices. Bonferroni post hoc testing was carried out for all
statistically significant RM-ANOVAs.

For each device and the metabaolic cart, the amount of time spent
in performing MVPA for each walking stage was summed up
for full 6 min for analysis. The absolute MV PA difference per
stage (metabolic cart-device measured) and Spearman
correl ation coefficients (SCCs) were used to assess and compare
the validity of the four PiezoRx devices and the ActiGraph
accelerometer in measuring MVPA with that of indirect
calorimetry. BAP was used to assess the agreement between
the height-adjusted PiezoRx and both indirect calorimetry and
the ActiGraph in obtaining MV PA measurement. The difference
in the absolute MV PA per stage (sec/stage) was cal culated over
an absol ute percent change owing to the dichotomous nature of
exercise stages (either the absence of time spent in MVPA or
comprised entirely of time spent in MVPA). As such, the
sensitivity and specificity rates of each device were calculated
to identify if the stage has moderate-to-vigorous intensity
compared with the metabolic cart. A stage was considered to
have a moderate-to-vigorous intensity if at least 80% of the
stage (ie, 288 sec) was greater than 3 METs (ie, 10.5
mL/kg/min).

http://mhealth.jmir.org/2018/9/e10706/

The reliability of MVPA measurement obtained using the
PiezoRx was assessed using the absolute MV PA difference per
stage (Jmetabolic cart — device measured|) and SCCs for each
stage where the height-adjusted and height+fitness-adjusted
MV PA thresholds were equal (see Table 1; n=25).

Results

Validity and Reliability of Step Count M easurement

Compared with manual step counting, the PiezoRx had a higher
intraclass correlation (ICC=.97; P<.001) and lower percent error
(2.2%, SD 5.4), than both the ActiGraph (ICC=.72, P<.001;
APE=15.9%, SD 26.8) and the Omron (ICC=.62, P<.001,
APE=15.0%, SD 29.0), asshownin Table 2, Table 3, and Table
4. As shown in Figure 1, Bland-Altman analysis reveded a
fixed bias of —6.4 steps (P=.001) with LoA of —63 and 51 steps
for the PiezoRx and manually counted steps. Step count
differences were observed between manual step counting and
both the ActiGraph and Omron during thefirst stage (2.4 km/h;
both P<.001) and second stage (3.2 km/h; ActiGraph: P<.001;
Omron: P=.04) but only the Omron during the fourth stage (5.6
km/h; Omron: P=.046).

ICC using al four devices showed an ICC interinstrument
reliability of 0.88 (P<.001), as shown in Table 5. All four
PiezoRx devices were included in the reliability of step count
analysis. Casesin which the height- and height/fitness-adjusted
step rate thresholds were identical were used for the MVPA
reliability analysis. The correlation was stronger (ICC>.90)
during thefastest walking stages (6.4-7.2 km/h) and was weakest
(ICC<.50) during the middle speed stages (4.0-5.6 km/h).
RM-ANOVA revedled no significant (P>.05) differences
between all four PiezoRx devices for measuring step count.
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Validity and Reliability of M oder ate-to-Vigorous
Physical Activity

The deviceswith the highest Spearman correl ationsin measuring

MVPA across al stages were the height-adjusted PiezoRx
(SCC=.80; P<.001) and the ActiGraph (SCC=.80; P<.001),

which also had similar absolute time differences per 6-minute
walking stage (height-adjusted PiezoRx: 53+93 sec/stage;
ActiGraph: 53+103 sec/stage). MVPA SCC of the PiezoRx
(100/120), PiezoRx (110/130), and PiezoRx (height+fitness
adjusted) were 0.74 (P<.001), 0.76 (P<.001), and 0.77 (P<.001),

respectively.
Table 2. Two-way mixed-model intraclass correlation with measure of consistency.
Walking speed (km/h) n PiezoRx Actigraph Omron
Intraclass correlation Pvalue Intraclasscorrelation Pvalue Intraclasscorrelation P value
(95% CI)? (95% CI)? (95% CI)@
24 43 .71 (0.53t0 0.83) <.001 .16 (-0.15 10 0.44) 88 14 (-0.16 t0 0.42) 0.92
32 43 .80(0.671t00.89) <001  .22(-0.09 o 0.49) 36 28(-0.02t0 053)° 04
4.0 42 .98 (0.97 t0 0.99) <.001 .70 (0.50 to 0.83) <.001 .94 (0.90t0 0.97) <.001
5.6 41 .99 (0.976 t0 0.993) <.001 .96 (0.93 t0 0.98) <.001 :39(0.10t0 0.62)" .03
6.4 38 .95 (0.91 0 0.98) <001  .93(0.861t00.96) <00l  53(0.26100.72)° .01
7.2 30 .99(0.971t00.992) <001  .98(0.951t00.99) <00l 66(0.43100.81)° <.001
Overall N/AS .97 (0.965 to 0.978) <.001 .72 (0.65t0 0.77) <.001 62 (0.54t0 0.69)° <.001
#Three decimal places were used for clarity when necessary.
Pn=42.
°N/A: not applicable.
Table 3. Lin's concordance coefficient.
Walking speed (km/h) n Lin's concordance coefficient (95% C1)2
PiezoRx Actigraph Omron
24 43 0.69 (0.51 0 0.81) 0.02 (-0.02 to 0.05) 0.05 (-0.02 t0 0.13)
32 43 0.80 (0.67 t0 0.89) 0.12 (-0.01 to 0.25) 0.21 (0.09t0 0.32)
4.0 42 0.98 (0.96 t0 0.99) 0.67 (0.49 t0 0.80) 0.92 (0.86 10 0.95)
56 41 0.99 (0.97 t0 0.991) 0.95 (0.90t0 0.97) 0.26 (0.09t0 0.41)
6.4 38 0.95 (0.91 0 0.97) 0.92 (0.8510 0.96) 0.53(0.34t0 0.68)
7.2 30 0.98 (0.96 t0 0.99) 0.96 (0.93t0 0.98) 0.66 (0.45 to 0.80)
Overall N/AP 0.97 (0.96 10 0.98) 0.64 (0.59t0 0.68) 0.61 (0.55 to 0.66)

#Three decimal places were used for clarity when necessary.

BN/A: not applicable.
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Table 4. Absolute step difference between manually counted steps and steps measured using each device during treadmill walking.

Walking speed (km/h)  n PiezoRx Actigraph Omron
Absolutestep difference, Pvalue  Absolutestepdifference, Pvalue  Absolutestepdifference, P vaue
% (SD)? % (SD)? % (SD)?
2.4 43 6.2 (10.6) .62 66.6 (22.3) <.001 61.3(37.1) <.001
32 43 25(5.4) 81 18.0(17.2) <.001 19.2(27.7) .04
4.0 42 1.0(1.0) 1.00 3.0(6.5) .20 1.8(2.0) 1.00
5.6 41 0.8 (0.6) 1.00 1.3(15) .98 4.6 (16.3) .05
6.4 38 1.0(1.9) 1.00 15(2.4) .84 2.7 (8.6) .30
7.2 30 11(1.2) .86 14 (1.4) .98 2.8(7.6) .28
Overall N/AP 22 (5.9 .87 15.9 (26.8) .50 15.0(29.0) 48
#Three decimal places were used for clarity when necessary.
BN/A: not applicable.
Figure 1. Bland-Altman plot analysis for manual step counting and the PiezoRx-determined step count.
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Table 5. Reliability of the PiezoRx in measuring step count and moderate-to-vigorous physical activity.

Walking speed (km/h) n Step count Moderate-to-vigorous physical activity
Intraclass correlation P value Spearman correlation P value Absolute difference
(95% ClI) coefficient (sec/stage), % (SD)

24 25 .62 (.4810.75) <.001 .90 <.001 6.1(17.3)

32 23 59 (0.45t0 0.72) <.001 93 <.001 23.8(55.1)

4.0 25 .33 (0.17 to 0.50) .01 .92 <.001 22.8 (70.6)

56 23 .27 (0.12t0 0.49) 02 53 .02 24(37)

6.4 23 .993 (0.988 10.996) <.001 .78 .002 11(2.4)

7.2 20 .98 (0.97 t0 0.99) <.001 58 .01 30(3.8)

Overdll N/A .88 (0.86 to 0.90) <.001 .95 <.001 10.4 (39.3)
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Table 6. Sensitivity and specificity rate of each activity monitor in measuring moderate-to-vigorous physical activity.

Monitor Sensitivity (%) Specificity (%)
PiezoRx (100/120) 70.9 91.7
PiezoRx (110/130) 90.3 79.2
PiezoRx (height adjusted) 82.1 94.3
PiezoRx (height and fitness adjusted) 81.6 91.0
ActiGraph 83.0 89.6

The PiezoRx (110/130) had the highest sensitivity percentage,
whereasthe height-adjusted PiezoRx had the highest specificity
percentage (see Table 6). Asshown in Figure 2, BAPsrevealed
a mean bias of 6.0 seconds (95% LoA: -186, 198) for the
height-adjusted PiezoRx in measuring MVPA relative to the
metabolic cart.

In the sample of individuals in which the height-adjusted and
height+fitness-adjusted PiezoRxswere set at the same step rate
thresholds (n=25), SCC of the devicesin measuring MV PA was
0.95 (P<.001), as shown in Table 5. The interinstrument
reliability was highest during the slowest stages (2.4-4.0 km/h;,
SCC>.90). However, the absolute MVPA differences were
lowest during the faster stages (5.6-7.2 km/h; <3.0 sec per stage).

Figure 2. Bland-Altman plot analysis for indirect calorimetry and the height-adjusted PiezoRx-determined moderate-to-vigorous-intensity physical

activity (MVPA).
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: : The previous laboratory-based PiezoRx step count validation
Discussion P 4 P

The objective of this study was to assess the validity and
interinstrument reliability of a medical-grade PA monitor in
measuring both step count and MV PA in a laboratory setting.
Compared with manual step counting, the PiezoRx had the
strongest correlations and alower percent error than commonly
used research grade monitors. When the PiezoRxs MV PA step
rate threshol ds were adjusted for height, the performance of the
device in measuring intensity-related PA was similar to that of
aresearch grade accelerometer.

http://mhealth.jmir.org/2018/9/e10706/

RenderX

studies have shown that the device was accurate when used in
a variety of populations [14-16]. Specifically, the 4-stage
(1.4-14.1 km/h) step count evaluation of the SC-StepMX
(previous version of the PiezoRx) by Colley et al [15] showed

an excellent agreement with the manual step counting (r°=0.97;
APE=-0.2%). The findings of this study were in accordance
with such findings for step count (APE=2.2%). Moreover, the
PiezoRxs was found as a reliable measurement tool for step
count across a variety of walking speeds (overall |CC=.88).
ICCs were higher in the earlier (1 and 2) and later (5 and 6)
stages but were lowest (ICC<.50) during stages 3 and 4 (4.0
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and 5.6 km/h). However, the middle stages had the lowest APE
(~1.0%) when the counted steps obtained using the PiezoRx
were compared with the manually counted steps, and such result
indicates that the low 1CC may be due to the similarity in the
number of steps in these stages (ie, less variance) with an
average of 120+7 and 128+7 spm, respectively. Overal, the
deviceisareliable measurement tool for step count, particularly
at slower walking cadence in which the PA monitoring devices
are more likely to have difficulty measuring.

The only laboratory-based investigation on the validity of the
PiezoRx devicein measuring MV PA was conducted in children
and young adults [14]. However, the PiezoRx has previously
been used to measure MV PA in older adults[27], and it will be
used in an upcoming randomized control trial aimed at
increasing the number of steps per day of hospital employees
[28]. Saunders et al [14] have shown that the device is a valid
measurement tool for MVPA (r?=0.64), and it was even more
accurate when the step rate thresholds were increased from

100/120 to 110/130 (r?=0.82), and this was identical to the
correlation between indirect calorimetry and the ActiGraph.
Such results are consistent with those of this study inwhich the
height-adjusted PiezoRx and the ActiGraph were similarly
correlated to indirect calorimetry (SCC=.80). BAP comparing
MVPA measured via indirect calorimetry and the PiezoRx
(height adjusted) resembles adiamond shapewith alarge cluster
of data points with a mean difference of 0 (see Figure 2). The
diamond shape is due to the dichotomous nature of measuring
MVPA through walking stages in which the PiezoRx may
incorrectly identify a stage as 360 sec of MVPA, whereas the
metabolic cart did not detect any MVPA (average MVPA of
180 sec). Inrelation to this, the capability of the height-adjusted
PiezoRx and ActiGraph in distinguishing each walking stage
as MVPA or not was similarly good, as shown by their
sensitivity rates (PiezoRx, H: 82%; ActiGraph: 83%) and
specificity values (PiezoRx, H: 94%; ActiGraph: 90%).
However, the PiezoRx devices set at 100/120, 110/130, and
height+fitness adjusted were not significantly different (SCC:
0.74-0.80) than the height-adjusted PiezoRx.

The Yamax Digiwaker has been used as a criterion for
comparing the capability of other devicesin counting stepsin
free-living environments[29,30]. A previousresearch in adults
has shown that the error rate of the Yamax Digiwalker (20.5%)
was remarkably higher than that of the SC-StepM X (APE=0.2%)
[15]. In addition, the Omron HJ-720 is more accurate than the
ActiGraph GT3X+ and the Polar Active Accelerometer in
laboratory-based and free-living conditions [29]. This study
showed that the Omron and ActiGraph GT3X had similar
validity in measuring step count (~15% APE).

As previously mentioned, the PiezoRx had a similar or higher
accuracy rate than accelerometry in measuring intensity-related
PA. Accelerometers may be costly and require proprietary
software programs to access specific device data. Although
accel erometers may be convenient for researchers, their usability

http://mhealth.jmir.org/2018/9/e10706/
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among the general population is limited. After an explanation
of the device's features and a 2-week monitoring, the
performance of the PiezoRx was good among a diverse sample
of adults and older adults [13]. More recently, the PiezoRxD
has been developed which uses Bluetooth technology for
uploading individual device data through a patient-focused
mobile phone app that serves as a platform for health care
providersand exercise professional sto access and providetheir
respective behavior changes or behavior maintenance
approaches. In relation to this, the technology behind the
determination of step count and MV PA isidentical between the
PiezoRx and PiezoRxD. Accurate devicesthat permit real-time
step and MVPA monitoring may assist the general public in
increasing their activity levels and may alow health care
professional s and exercise professional s to objectively monitor
and prescribe PA to their patients or clientswith agoal of having
more Canadians adhere to the PA guidelines [31].

The use of a submaximal assessment of aerobic fitness may be
considered alimitation of this study. However, the single-stage
treadmill protocol has been previously validated [21], and its
use was to classify the aerobic fitness of the participants
according to different VO, 5 ranges (excellent, very good,
good, fair, or poor), which would be conducted in a clinical
setting. Assuch, we believethat thislimitationisminor relative
to the validation of this device for clinical use. One limitation
of PA studiesis that they primarily appeal to physicaly active
populations, potentially biasing the testing cohort to have a
higher fitness compared with the general public. The population

of this study had a wide range of BMI (17.9-42.5 kg/m?) and
predicted VO, 5 (20.4-58.9 mL/kg/min); therefore, our results
are generalizable to the general public. Although the sample of
the study was heterogeneous in nature and was designed to be
representative of a typical patient population (56% answered
“yes’ to at least one question on the PAR-Q+), the participants
were aged between 20 and 64 years; thus, the results may not
be extrapolated to young or older adults. Hence, future studies
should investigate the validity and reliability of the PiezoRx in
measuring step count and MVPA in these populations who
typically have shorter stride lengths and higher stride rates at a
given walking velocity. In addition, the accuracy of the PiezoRx
should be compared across a variety of movements, such as
running, incline walking, stair walking, etc, that may affect the
accuracy of this device.

The PiezoRx medical-grade PA monitor isavalid and reliable
tool for measuring step count and intensity-related PA among
adiverse sample of adultsin alaboratory setting. The accuracy
of the device in measuring MVPA may be similar to that of a
research grade monitor, and it may be even more accurate than
other frequently used PA monitors in measuring step counts.
The PiezoRx may be a cost-effective aternative to research
grade monitors that are used by primary care providers and
exercise professionals in providing step-based exercise
prescriptions.
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Abstract

Background: Google Glassisahead-mounted device designed in the shape of apair of eyeglasses equipped with a5.0-megapixel
integrated camera and capabl e of taking pictures with simple voice commands.

Objective: The objective of our study was to determine whether Google Glassisfit for veterinary forensic pathology purposes.

Methods: A total of 44 forensic necropsies of 2 different species (22 dogs and 22 cats) were performed by 2 pathol ogists; each
pathol ogist conducted 11 necropsies of each species and, for each photographic acquisition, the images were taken with a Google
Glass device and a Nikon D3200 digital single-lens reflex (DSLR) camera. The pictures were collected, divided into 3 groups
(based on the external appearance of the animal, organs, and anatomical details), and evaluated by 5 forensic pathologists using
a 5-point score system. The parameters assessed were overall color settings, region of interest, sharpness, and brightness. To
evaluate the difference in mean duration between necropsies conduced with Google Glass and DSLR camera and to assess the
battery consumption of the devices, an additional number of 16 necropsies were performed by the 2 pathologists. In these cases,
Google Glass was used for photographic reports in 8 cases (4 dogs and 4 cats) and a Nikon D3200 reflex camera in the other 8
cases. Statistical evaluations were performed to assess the differences in ratings between the quality of the images taken with
both devices.

Results. The images taken with Google Glass received significantly lower ratings than those acquired with reflex camera for
all 4 assessed parameters (P<.001). In particular, for the pictures of Groups A and B taken with Google Glass, the sum of frequency
of ratings 5 (very good) and 4 (good) was between 50% and 77% for all 4 assessed parameters. The lowest ratings were observed
for the pictures of Group C, with asum of frequency of ratings5 and 4 of 21.1% (342/1602) for region of interest, 26% (421/1602)
for sharpness, 35.5% (575/1602) for overal color settings, and 61.4% (995/1602) for brightness. Furthermore, we found a
significant reduction in the mean execution time for necropsy conduced with the Google Glass with respect to the reflex group
(P<.001). However, Google Glass drained the battery very quickly.

Conclusions: These findings suggest that Google Glass is usable in veterinary forensic pathology. In particular, the image
quality of Groups A and B seemed adequate for forensic photographic documentation purposes, although the quality was lower
than that with thereflex camera. However, in this step of devel opment, the high frequency of poor ratings observed for the pictures
of Group C suggest that the device is not suitable for taking pictures of small anatomical details or close-ups of theinjuries.

(JMIR Mhealth Uhealth 2018;6(9):€180) doi:10.2196/mhealth.9975
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Introduction

Background

Google Glassis adevice that was released for the first time as
Google Glass explorer edition in 2013. It is a head-mounted
device designed in the shape of a pair of eyeglasses with a
5.0-megapixel integrated camera; wireless connection; and the
ability to take pictures, record a video, and call people with
simple voice commands or manually by touching the frame. A
small prism placed on the right side of the device allows a
display of information to the user [1-3]. As a whole, the
multitasking capabilities of the device provide users a
comfortable and multifunctional virtual experience. Although
these advantages have not fully met the needs of private
consumers, its voice control, wirel ess transmission capabilities,
integrated camera, and app customization have attracted the
interest of commercia industries and professionalsfrom various
fields, including the health care [1,2]. In human medicine,
Google Glass has been tested in many nonsurgical fields such
as on-demand data visualization and real-time analysis [4],
clinica simulations [5], management of diabetes [6], and
pediatric cardiopulmonary resuscitation [7]. Furthermore, in
neuropsychiatry, the usability and acceptability of Google Glass
has been tested in children with autism spectrum disorder [8].
Similarly, in surgical settings, the multitasking capabilities of
the device have allowed Google Glass to be tested in many
surgical subfields such as cardiac surgery [9], neurosurgery
[10], orthopedics[11], general surgery [12], and plastic surgery
[13]. In these studies, Google Glass has been used as atool to
monitor vital signs, as an education instrument, and for
telemonitoring and audiovisual recording. In human forensic
pathology, Google Glass has been tested as a hands-free image
acquisition device to document autopsies and postmortem
examinations [14]. However, to the best of our knowledge,
despite the several publicationsin human medicine, no empirical
evidencefor using Google Glassin veterinary medicine setting
is currently known. The aim of this study was to determine the
suitability of Google Glass in veterinary forensics pathology
by assessing (1) the difference in mean duration between
necropsies conduced with Google Glassand adigital single-lens
reflex (DSLR) camera (Nikon D3200, lens AF-S DX Nikon
18-55 mm {/3.5-5.6G VR), (2) the battery consumption during
the necropsies, (3) the usability aspects, and (4) the quality of
the photographi c documentation of the Google Glass compared
with aDSLR camera.

Veterinary Forensic Pathology

Over the last years, forensic necropsies in veterinary medicine
have rapidly increased due to the increasing demand for
investigations of crimes against animals. For these reasons, the
subfield of veterinary forensic pathology has emerged as a
distinct discipline, essentially based on atransverse, multiorgan
approach that includes necropsy, histological examination,
immunohistochemistry, and collateral examinations such as
laboratory analysis and diagnostic imaging to resolve obscure
fatalities [15-17]. The range of interests of veterinary forensic
pathology isvery broad and includes unlawful killing and animal
abuse, diagnosis of drowning, nonaccidental injuries, violation
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of wildlife laws, malpractice or disciplinary procedures, and
support to human forensic pathology [18-25]. Although there
isnorigid schemefor veterinary forensic necropsies, theltalian
Group of Veterinary Forensic Pathologists standardized a
procedure for forensic autopsy cases, which is a useful guide
that should be followed but, at present, is nonbinding. On the
basis of this protocol, the forensic necropsy startswith victim's
identification and thanatological examination of the cadaver.
Subsequently, asystematic eval uation of the external appearance
of the animal is performed (outer necropsy). For this purpose,
the head, mouth, mucous membranes, thorax, abdomen, perianal
region, outer genitalia, hair coat, tail, as well as the front and
hind limbs are surveyed. After that, theinner necropsy can start.
During this step, afull skinning of the animal, inspection of the
muscles and subcutis, as well as opening of al body cavities
(skull, chest, abdomen, and pelvis) must be performed. Finally,
all organs must be examined and dissected.

Image Acquisition in Veterinary Forensic Pathology

Photography is an important component of documentation in
forensic pathology [17,26,27]. A correct and complete
photographic documentation is also expressly required by the
guidelinesfor forensic veterinary autopsiesissued by the ltalian
Group of Forensic Veterinary Pathology. During the forensic
necropsies, photography is important to document both the
presence (positive photograph) and absence (negative
photograph) of injuries[28]; the main aim is the acquisition of
images useful for legal purposes. Since necropsy is an
unrepeatable procedure, the forensic photographic
documentation should not only be accurate and detailed but also
produce a minimal delay in the execution time of the necropsy
[26]. Many DSLR cameras and mobile phones with
photographic capabilities can be used for this purpose. However,
these devices need to be used by qualified personnel with
knowledge of photography and basics of veterinary forensic
pathology in order to take clear and understandabl e picturesand
minimize distortion and misleading information [14,26,29].
Usually, this assignment is delegated to veterinary forensic
pathologists themselves because there are not professional
figures suited to this purpose. Furthermore, during autopsies,
pathologists are forced to a continuous replacement of gloves
so as to use cameras for documentary purposes. These
limitationsresult in an excessive workload for the pathol ogists,
with consequent lengthening of the time required to perform
the necropsy. Inthis context, it is easy to imagine the advantage
of having a device that allows taking hands-free pictures.

Methods

Forensic Necropsy Protocol and I mage Acquisition

A total of 44 necropsies of 2 different species (22 dogs, 22 cats,
dogs: medium-sized, age range 6-9 years, mean age 7.31 [SD
1.04] years, cats: age range 6-9 years, mean age 7.00 [SD 0.92]
years) were performed by 2 pathologists (FP and GP) with
training in forensic medicine. All necropsies were performed
inthe necropsy room of the Department of Veterinary Medicine
and Animal Productions at the University of Naples Federico
I, Naples, Italy, following a standard necropsy protocol
summarized in Textbox 1.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 |e180 | p.238
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Textbox 1. Forensic autopsy protocol.
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1. Victimidentification procedures

2. Evaluation of thanatological aspects and estimation of the time elapsed since death

w

external parasites, and teeth)

Skinning with evaluation of subcutis and muscles

Extraction and general macroscopic evaluation of organs
Dissection of al organs

Specific evaluation of wounds or injuries

© © N o g M

External examination of the body (state of nutrition, mucous membranes, body orifices, general conformation, superficial lesions, hair coat,

Opening and evaluation of body cavities (skull, thorax, abdomen, and pelvis)

Complete photographic documentation of external appearance of the animals, body cavities, organs, and injuries

Each pathologist conducted 11 necropsies of both species. For
each photographi c acquisition, theimages were taken using two
different devices: Google Glass and a Nikon D3200 DSLR
camera. During the external inspection of the body, in
accordance with the guidelinesfor forensic veterinary autopsies,
pathologists were asked to take pictures of the externa
appearance of the animals from many different angles.
Furthermore, during the necropsies, pictures of organs before
and after extraction and any other detail useful for
documentation purposeswas acquired. All imageswere acquired
under standard lighting conditions and without using theinternal
flash of the camera. In addition, a standard background (blue
table of 90 x 70 cm) was used to acquire pictures of organsand
small anatomical details. Finally, during image acquisition, a
photomacrographic scale (American Board of Forensic
Odontology No. 2 Standard Reference Scale) placed near the
injuries was used to provide a geometrical reference in the
forensic photographic documentation of the evidences.

Evaluation of the Time of Necropsy and Battery
Performance

To evaluate the differences in time of necropsy between
autopsies conduced with Google Glass and DSLR camera and
the battery performance of the devices, an additional number
of 16 necropsies of 2 different species (8 cats and 8 dogs; dogs:
medium-large dogs, age range 8-10 years, mean age 8.75 [SD
0.88] years; cats. age range 7-9 years, mean age 8.0 [SD 1.19]
years) were performed by the 2 pathologists (FP and GP). In
these cases, each pathologist conducted 4 necropsies of each
species, with half of them conducted using Google Glass and
another half using the Nikon D3200 DSLR camera. For each
postmortem examination, we measured the time required to
perform the necropsy using the stopwatch functionality available
on a smartphone iPhone 6s Plus. To standardize the
measurement, for all 16 forensic necropsies, the timer started
at the first photographic acquisition and ended when the
pathol ogist declared that he had acquired all pictures useful for
the documentation purpose. Furthermore, each forensic
examination began with devices (DSLR camera and Google
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Glass) charged to 100%, and at the end of each necropsy, the
remaining battery power was noted.

Usability Aspect

At the end of each necropsy performed with the Google Glass,
pathol ogists were interviewed to acquire information about the
user experience. The questions were designed to obtain
information about the usability aspects, general experiences,
and the main positive and negative features of the device.

Google Glass

The device—a Google Glass explorer edition—available during
our study, ran on Android 4.4.2. specifications of the available
developer explorer unit that included Texas Instrument OMAP
4430 SoC 1.2 GHz Dua core (ARMV7) processor, 2 GB of
RAM and 12 GB of usable storage space, a 640 x 360 display,
802.11b/g Wi-Fi, Bluetooth, and a 5-megapixel camera[3,14].
It also had a 3-axis gyroscope, a 3-axis accelerometer, a 3-axis
magnetometer, ambient light sensor, proximity sensor, bone
conduction audio transducer, and 2 omnidirectiona microphones
(Figure 1).

Softwar e Setup

For image acquisition, we used the preinstalled camera app for
two reasons. First, we did not know whether the use of an app
other than the preinstalled one would increase the battery
consumption or decrease the photographic quality. Second, the
voice commands and gestures performed on running the
preinstalled app were easy to perform, intuitive, and precise;
thus, we were not inclined to use an accessory app. However,
to properly use the Google Glass camera during the necropsies,
both pathologists followed a training course that lasted
approximately 15 minutes. At the end of it, the pathologists
declared to be able to use the devise correctly. The voice
commands used during our study were as follows: “show
viewfinder,” to framethe anatomical reason of interest correctly,
and “takeapicture,” to acquiretheimages. All accepted images
were stored in a folder on the device until the pictures were
transmitted viaUSB to aniOS-based laptop (MacBook Air 13").
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Figure 1. Google Glass device.
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Digital Quality | mage Assessment

A total of 5 forensic pathologists (AC, OP, RF, DDB, and VI;
4 males, 1 female; age range 33-58 years, mean age 42.60 [SD
9.37] years) with amean work experience of 19 (SD 7.41) years
in the field of veterinary pathology, both diagnostic and
teaching, were selected to evaluate the quality of the images
taken with both devices. To avoid compromising the eval uation
of theimages by the memories of the necropsies, the pathologists
selected for the evaluation of the images were different from
those who physically performed them. Furthermore, before the
beginning of the evaluation, the pictures were divided into 3
groups: Group A, pictures of the externa appearance of the
animals; Group B, pictures of the organs; and Group C, pictures
of small anatomical details or close-ups of the injuries. Each
group included images taken with both devices. However, the
device used for the acquisition was known (DSLR camera or
Glass) only to the coordinators of the study. All 5 pathologists
separately evaluated each group. In addition, all pictures were
presented on a same computer (MacBook Air 13") with fixed
display settings and similar environmental lighting conditions
to avoid differences of evaluation dueto external variables. The

Table 1. Scoring system for image quality.

pathol ogists gave their opinions individually about the quality
of theimages analyzing 4 parameters: (1) overall color setting;
(2) sharpness; (3) region of interest; and (4) brightness. Each
one of these 4 parameters was separately evaluated on a5-point
score system according to Albrecht et a [14] (Table 1).
Statistical Analysis

Statistics were computed using SPSS Version 22.0 (IBM
Corporation, 2014, Armonk, NY, United States). Student’s t
test was used to evaluate the difference in the mean duration
between the necropsies conducted with Google Glass and the
DSLR camera. The descriptive stetistics for theratings consisted
of the tabulation of the frequency and percentages of scaleitems
for each group for each item per device. To evaluate the
differences between the ratings obtai ned for each group for both
devices, we calculated an unpaired rank sum test (2-sided
Mann-Whitney U test, with Cronbach alpha=.05) [14,30]. The
same test was used to detect differences among the groups of
the same device. To evaluateinterrater reliability, we calculated
intraclass correlation coefficients (ICCs) for the 5 pathol ogists
for theitemsregion of interest, sharpness, brightness, and color
discrimination [31].

Parameter Very poor Poor Average Good Very good
Sharpness 1 2 3 4 5
Overadl color settings 1 2 3 4 5
Region of interest 1 2 3 4 5
Brightness 1 2 3 4 5
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Results

Digital Image Quality Assessment

During the 44 forensic autopsies, the pathologists took 985
pictures with Google Glass and 985 pictures with the D3200
DSLR camera (504 photos of dogs and 481 photos of catswith
each device). Each picture was evaluated by 5 pathologists,
resulting in 4925 single evaluations each for Google Glass and
the DSLR camera. Table 2 summarizes the results of the
absolute frequencies and percentages of the ratings obtained
per group for both devicesfor each of the 4 assessed parameters.

The ratings of the images taken with Google Glass during
necropsies were significantly lower than those of the images

Piegari et d

acquired with the DSLR camera (Table 3). In particular,
considering the percentage values, most ratings of the images
taken with DSLR camerawere high (good or very good) for all
4 parameters assessed. In contrast, for the images of Group A
taken with Google Glass, the sum of frequency of ratings 5
(very good) and 4 (good) was 77.3% (1390/1800), 66.4%
(1195/1800), 70.4% (1268/1800), and 71.7% (1290/1800) for
region of interest, sharpness, brightness, and overall color
settings, respectively. Furthermore, theimages of Group B taken
with Google Glass received asum of frequency of ratings 5 and
4 of 54.7% (823/1505), 55.7% (838/1505), 65.8% (990/1505),
and 54.0% (813/1505) for region of interest, sharpness,
brightness, and overall color settings, respectively.

Table 2. Frequencies and percentages of evaluations given by 5 pathologists for images taken during forensic necropsies with Google Glass and Nikon

D3200 reflex camera stratified for each group.

Parameters assessed and score®  Group A, n (%) Group B, n (%) Group C, n (%)
Glass(n=1800) pg| RP camera Glass(n=1505) DSLRcamera Glass(n=1602) DSLR camera
(n=1800) (n=1505) (n=1602)

Region of interest

5 426 (23.7) 933 (51.8) 173 (11.5) 522 (34.7) 55 (3.4) 1027 (63.4)

4 964 (53.6) 803 (44.6) 650 (43.2) 898 (59.7) 287 (17.7) 519 (32.0)

3 393(21.8) 64 (3.6) 622 (41.3) 85 (5.6) 827(51.1) 74 (4.6)

2 17 (0.9) 0(0) 60 (4) 0(0) 451 (27.8) 0(0)

1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Sharpness

5 353 (19.6) 1005 (55.8) 37(25) 434 (28.8) 125(7.7) 762 (47)

4 842 (46.8) 708 (39.4) 801 (53.2) 929 (61.7) 296(18.3) 718 (44.4)

3 580 (32.2) 87 (4.8) 597 (39.7) 142 (9.4) 735 (45.4) 140 (8.6)

2 25(1.4) 0(0) 70 (4.6) 0(0) 464 (28.6) 0(0)

1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Overall color settings

5 268 (14.9) 912 (50.7) 100 (6.6) 852 (56.6) 2(0.1) 813 (50.2)

4 1022 (56.8) 783 (43.5) 713 (47.4) 619 (41.1) 573 (35.4) 742 (45.8)

3 507 (28.1) 105 (5.8) 582 (38.7) 34(2.3) 770 (47.5) 65 (4.0)

2 3(0.2) 0(0) 110(7.3) 0(0) 275 (17) 0(0)

1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Brightness

5 285 (15.8) 997 (55.4) 204 (13.6) 680 (45.2) 125(7.7) 880 (54.3)

4 983(54.6) 688 (38.2) 786(52.2) 806(53.6) 870 (53.7) 645 (39.8)

3 482 (26.8) 115 (6.4) 494 (32.8) 19 (1.3) 513 (31.7) 95 (5.9)

2 50 (2.8) 0(0) 21(1.4) 0(0) 112 (6.9) 0(0)

1 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)

3Parameters were assessed on a scale of 1-5 (1, very poor; 2, poor; 3, average; 4, good, 5, very good).

PDSLR: digital single-lens reflex.
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Table 3. Unpaired rank sum, 2-sided Mann-Whitney U (Cronbach al pha=.05) for ratings of images taken with Google Glass and Nikon D3200 reflex

camerafor each group for each of the 4 assessed parameters.

Assessed parameters Group A Group B Group C

z score P vaue z score P value z score P vaue
Region of interest -20.211 <.001 -26.771 <.001 —44.398 <.001
Sharpness -26.468 <.001 -29.412 <.001 -37.705 <.001
Overall color settings -25.177 <.001 -38.475 <.001 —-40.931 <.001
Brightness —-26.786 <.001 -28.283 <.001 -31.452 <.001

The lowest ratings were observed in the pictures of Group C
taken with Google Glass, with a sum of frequency of ratings 5
and 4 of 21.1% (342/1602) for region of interest, 26%
(421/1602) for sharpness, 35.5% (575/1602) for overall color
settings, and 61.4% (995/1602) for brightness. In this group,
the differences between devices were particularly noticeable
for region of interest, overall color settings, and sharpness. With
regard to region of interest, the sum of frequency of ratings 2
and 3 amounted to 4.6% (74/1602) for images acquired using
the DSLR cameraversus 78.9% (1278/1602) for those acquired
using Google Glass. Similarly, for overall color settings, this
sum was 4% (65/1602) for images acquired using the DSLR
camera versus 64.5% (1045/1602) for those acquired using
Google Glass. Findly, for sharpness, the sum was 8.6%
(140/1602) for images taken with DSLR versus 74%
(1199/1602) for those taken with Google Glass. Furthermore,
with regard to the pictures taken with Google Glass, statistical
differenceswere observed in the distribution of ratings between
Group A and Group B and between Group C versus B and A
for all 4 assessed parameters (Table 4).

Evaluation of Battery Performance and Time of
Necropsy

Of the 16 necropsies conducted with Google Glass (8
necropsies) and DSLR camera (8 necropsies), we observed a
reduction in the time of necropsy with Google Glass compared
with that with the DSLR camera group. The mean duration of
a single postmortem examination in the DSLR camera group
was 126.38 (SD 3.46) minutes for the dogs group and 68.90
(SD 2.30) minutes for the cats group, whereas for the Google
Glass, the mean duration was 111.11 (SD 3.29) minutes for
dogs group and 55.5 (SD 2.06) for cats group. The differences
were significant (P<.001). Furthermore, at the end of the

necropsies conducted with Google Glass, the average percentage
of battery power was 47% and 60% for the dogs and cats group,
respectively (Table5). For the DSLR camera, it was not possible
to monitor the battery level because the display showed anicon
with a crude scale in the unit of 33% and not the battery
percentage. In any case, a significant battery consumption was
not detected.

Usability

Based on interviews conducted at the end of the postmortem
examination, we obtai ned subj ective assessments about the user
experience of Google Glass. As a positive aspect, the voice
control was reported as useful, particularly in cases where both
hands were occupied. The use of voice control led to increased
saving of rubber gloves because the pathol ogists were not forced
to take them off whenever they needed to take some pictures.
In addition, the pathol ogi sts agreed about the ergonomics of the
device and its lightness, which makes it comfortable to wear.
As negative aspects, they reported the short battery life and
difficulty to capture the desired regions of interest, especially
for the close-ups. During use, the device was placed on the head
and there was no zoom function available. For these reasons,
the pathol ogists were forced to place themselves too close to
the dissection table to be able to take pictures of small
anatomical details or close-ups of theinjuries correctly (Figure
2).

Interrater Reliability

The interrater reliability was high. The ICC for the ratings
obtained based on the forensic necropsy pictures indicated a
good positiverelationship for overall color settings (0.815, 95%
Cl 0.771-0.853; P<.001), region of interest (0.787, 95% CI
0.750-0.819; P<.001), sharpness (0.711, 95% CI 0.632-0.775,
P<.001), and brightness (0.822, 95% CI 0.777-0.860; P<.001).

Table 4. Unpaired rank sum, 2-sided Mann-Whitney U (Cronbach alpha=.05) for ratings of the images of the 3 groups taken with Google Glass.

Assessed parameters Group A versus B Group B versusC Group C versus A

z score P value z score P vaue z score P value
Region of interest -14.577 <.001 -22.603 <.001 -34.101 <.001
Sharpness -11.396 <.001 -18.256 <.001 —-26.095 <.001
Overadll color settings -12.740 <.001 -12.515 <.001 -25.412 <.001
Brightness -2.737 .006 -5.052 <.001 -8.005 <.001
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Table 5. Descriptive statistics of loss of battery consumption during forensic necropsy stratified by the device used to acquire the images: a Nikon

D3200 reflex camera and the Google Glass device.

Device Mean (SD)
Digital single-lensreflex camera N/AZ
Glass (dogs group) 47 (2.6)
Glass (cats group) 60 (2.9)

3N/A: not applicable.

Figure 2. The forensic pathologist wears Google Glass and takes pictures of small anatomical detailsin a hands-free manner.

Discussion

Principal Findings

Potentially disruptive technol ogies such as Google Glass create
excitement for the possible applications that they can have in
health care; however, the use of new tools should be thoroughly
evaluated and validated before applying them in the medical or
biomedical fields. Google Glass has been tested in many medical
fields such as clinical simulations [5], surgery [9-13], and
neuropsychiatry [8], but to the authors' knowledge, thisis the
first study to assessthe potential of Google Glassin veterinary
medicine. Both devices tested in our study achieved the set
goalsand both allowed acompl ete photographic documentation.
However, differences in efficiency between the two devices
were observed. Our study showed a reduction in the necropsy
time in forensic examinations conducted with Google Glass
compared with those conducted with the Nikon D3200 DSLR
camera; this was because Google Glass allowed hands-free
operation, avoiding the continuous replacement of gloves that
is necessary during necropsies performed with areflex camera.
Although glove saving was not a parameter directly evaluated
in this study, this aspect was highlighted by both pathologists
during the interviews conducted at the end of the necropsies.
In addition, we observed arapid reduction in the battery life of
the Google Glass. In our opinion, power consumption was not
alimiting factor because at the end of the necropsies, the average
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battery percentage was 47% and 60% for the dogs and cats
groups, respectively. However, problems could arisein the case
of more autopsies being performed on the same day. In these
cases, pauses to alow battery charging should be considered.
The difference in average Google Glass power consumption
observed between the groups could be dueto the different mean
duration of asingle postmortem examination of the dogs group
(111.11 minutes) compared with the lower duration of the cats
group (55.5 minutes) and, consequently, the mean duration of
Google Glass use. Regarding the DSLR camera, it was not
possible to monitor the battery level because the display showed
an icon with a crude scale in units of 33% and not the battery
percentage. In any case, significant loss of battery power was
not detected. This is understandable considering the high
capacity of the batteries commonly used in the modern DSLR
cameras. Finaly, images taken with Google Glass received
significantly lower ratings for all 4 assessed parameters than
those taken with the DSLR reflex camera. Most ratings for the
images taken with the DSLR camera were high (good or very
good) for al 4 assessed parameters. In contrast, in the pictures
of the Group A taken with Google Glass, the sum of the
frequency of ratings 5 (very good) and 4 (good) was 77.3%
(1390/1800), 66.4% (1195/1800), 70.4% (1268/1800), and
71.7% (1290/1800) for region of interest, sharpness, brightness,
and overall color settings, respectively; furthermore, theimages
of Group B taken with Google Glass received a sum of the
frequency of ratings 5 and 4 of 54.7% (823/1505), 55.7%
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(838/1505), 65.8% (990/1505), and 54.0% (813/1505),
respectively. The lowest ratings were observed for the pictures
of group C with a sum of the frequency of ratings 5 and 4 of
21.1% (342/1602) for region of interest, 26.0% (421/1602) for
sharpness, 35.5% (575/1602) for overall color settings, and
61.4% (995/1602) for brightness. This finding could be
explained considering the lower camera resolution of Google
Glass (5-megapixel camerawith afixed focal length of 3 mm)
compared with the DSLR camera (24 megapixel) [32].
Hashimoto et al [12], in arecent study, reported that the video
quality of iPhone 5 was greater than that of Google Glassduring
human surgical telementoring sessions. In contrast, some eye
surgeons have reported agood video quality of the Google Glass
device during scleral buckling surgeries [33]. These findings
suggest that the camera quality of Google Glass is evaluated
differently depending on the medical field of application and,
consequently, on the photographic and recording quality
required. Specifically, in our study, the gradual reduction in
good or very good ratings observed among Groups A, B, and
C could reflect the progressive increase in photographic quality
required for the eval uation of anatomical detailscompared with
that required for external examination for the evaluation of the
body or organs. Albrecht et a [14], in a study conducted to
assess the quality of the photographic documentation of the
Google Glass device in human forensic pathology, showed a
lower picture quality of the images taken with Google Glass
than of those taken with a DSLR camera. In particular, the
authors found that the differences between the devices were
particularly noticeable only for region of interest and sharpness,
whereas brightness and overall color settings showed similar
distributions of ratings, with results dlightly in favor of the
pictures taken with the DSLR camera. These results appear in
apparent contradiction with those obtained in our study.
However, in this previous study, the images were evaluated as
awhole and without being divided by type (external appearance,
organs, and anatomical details). Furthermore, in the same study,
an external application was used for image acquisition and a
lower number of pictures was evaluated. However, excluding
the methodological differences, the different results obtained
in this study could be explained considering the different size
of the organs of pet animals compared with human anatomy.
These differences suggest a greater difficulty in the evaluation
of images of organs and injuries of pet animals than that of
humans. Similarly, for the external examination of the body,
the difference in the size of animals compared with human
anatomy and the presence of hair, common in all species of
veterinary interest but absent in humans, makes the qualitative
camera differences between devices more evident in animals
than in humans. In addition, in our study, regarding the images
taken with Google Glass, statistical analysis showed differences
between the groupsfor al 4 assessed parameters. However, the
highest frequency of rating 2 (poor) was observed for the
pictures of Group C. The lower ratings observed for region of
interest in Group C compared with those in Groups A and B
was the most important aspect, and it could be explained
considering that the Google Glass device had awide-anglelens
but not azoom function [12,32]. During the forensic necropsy,
the field of view of the Google Glass camera was too large,
which forced the pathologists to place themselves too close to
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the dissection table to acquire pictures of small anatomical
details. Thisled to the acquisition of poorly framed imagesthat
were unsuitable for forensic documentary purposes. Similarly,
Moshtaghi et al [34], in a study conducted to assess the
feasibility of using Google Glass during otorhinolaryngological
procedures, found that the image quality was inadequate for
viewing small and deep-seated anatomical structures. However,
in our opinion, although this aspect has aready been observed
in human medicine, it could be even more relevant in pet
animalsthan humans because of the differencesin size between
these species.

Limitations

A few limitations of the study should be noted. First, we were
able to test the device with only 2 pathologists. However, this
allowed a more accurate assessment of the necropsy execution
times. In our opinion, a greater number of pathologists would
have determined a high variability in the time of necropsy due
to the different levels of manual dexterity of each pathologist.
Second, for the evaluation of the images, this study was based
on subjective opinions of raters and not on objective and
reproducible parameters. However, to reduce this limitation, a
high number of highly qualified pathol ogists was selected for
the evaluation of the images. In addition, the ICCs were
evaluated for the 5 raters for the items region of interest,
sharpness, brightness, and color discrimination. Furthermore,
this study was conducted only on cats and dogs. We decided to
test the device on these animals because athough diagnostic
necropsies are commonly performed on a broad range of
animals, at present, they are the main species of forensicinterest
in the veterinary field [35,36]. However, this limitation makes
these findings nonreproducible on other species of veterinary
interest such as mice, rats, rabbits, or zoo and farm animals.
Finally, the joint evaluation of the acquired images from 2
different species could be a further limitation of this study.
However, considering the similar morphology and size of these
animals (medium-sized dogs vs adult cats), we do not believe
thisto be alimitation.

Conclusions

These findings suggest that Google Glass is usable in the
veterinary forensic pathology of pet animals, but its image
quality is lower than that of a reflex camera. In particular, the
image quality of Groups A and B seemed adequate for forensic
photographic documentation purposes. However, in this step
of development, the high frequency of poor ratings observed
for the pictures of Group C suggest that the deviceisnot suitable
for taking pictures of small anatomical details or close-ups of
theinjuries. In our opinion, the combined use of thetwo devices,
reflex camerafor capturing images of small anatomical details
and Google Glass for capturing images of the external
appearance of the animals and organs, could reduce the
execution times of the necropsy, lead to considerable saving of
gloves, and allow acquisition of pictures useful for forensic
documentation purposes. However, further studies will be
needed to eval uate the application of thisdevice to other species
of veterinary interest such aswildlife or farm animals. In some
of these species, the greater volume of the organs than that in
pet animals could make the qualitative differences between
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Google Glass and the reflex cameraless evident but, above all, Glasslesslimiting.
could make the absence of the photographic zoom in Google
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