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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/
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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/

RenderX

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
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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

KEYWORDS
decision support system; disease-related malnutrition; eHealth; mHealth; dietary assessment; validation study
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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
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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.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 9 [e175 | p.57
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Paulsen et al

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.
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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.

[PNG File, 69KB - mhealth_v6i9el75 app7.png |
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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 stu