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Abstract

Background: Highly active combination antiretroviral treatment has been shown to markedly improve the health of HIV-infected
adolescents and young adults. Adherenceto antiretroviral treatment leads to decreased morbidity and mortality and decreasesthe
number of hospitalizations. However, these clinical achievements can only occur when young persons with HIV are adherent to
care. Unfortunately, adolescents and young adults have poorer rates of adherence to antiretroviral medications and poorer rates
of retention in care than older adults. Novel and engaging digital approaches are needed to help adolescents and young adults
living with HIV be adherent to treatment.

Objective: Theaim of this study wasto develop animmersive, action-oriented iPhone gaming intervention to improve adherence
to antiretroviral medication and treatment.

Methods: Game development was guided by social learning theory, taking into consideration the perspectives of adolescents
and young adults living with HIV. A total of 20 adolescents and young adults were recruited from an HIV care clinic in Rhode
Island, and they participated in qualitative interviews guided by the information-motivation-behavioral skills model of behavior
change. The mean age of participants was 22 years, 60% (12/20) of the participants identified as male, and 60% (12/20) of the
sample reported missing a dose of antiretroviral medication in the previous week. Acceptability of the game was assessed with
client service questionnaire and session evaluation form.

Results: A number of themes emerged that informed game devel opment. Adolescents and young adultsliving with HIV desired
informational game content that included new and comprehensive details about HIV, details about HIV as it relates to doctors
visits, and general health information. Motivational themes that emerged were the desire for enhancement of future orientation;
reinforcement of positive influences from partners, parents, and friends; collaboration with health care providers; decreasing
stigma; and increasing personal relevance of HIV care. Behaviora skills themes centered on self-efficacy and strategies for
medical adherence and self-care. On the client service questionnaire, 10 out of the 11 participants indicated they were “ satisfied
with the game activities,” and 9 out of 11 “would recommend it to afriend.” On the session evaluation form, 9 out of 11 agreed
that they “learned alot from the game.”

Conclusions: We utilized youth feedback, social learning theory (information-motivation-behavioral skills), and agile software
development to create a multilevel, immersive, action-oriented iPhone gaming intervention to measure and improve treatment
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adherence for adolescents and young adults living with HIV. There is a dearth of gaming interventions for this population, and
this study is a significant step in working toward the development and testing of an iPhone gaming app intervention to promote

adherence to antiretroviral treatment.

Trial Registration: ClinicalTrials.gov NCT01887210; http://clinicaltrials.gov/ct2/show/NCT01887210 (Archived by WebCite

at http://lwww.webcitation.org/6XxHMWONI 1)

(JMIR Mhealth Uhealth 2018;6(4):€96) doi:10.2196/mhealth.8155

KEYWORDS
mobile phones; adolescents; young adults; patient compliance

Introduction

Background

According to the Centers for Disease Control and Prevention,
young persons aged 13-29 years accounted for 41% of the new
HIV infectionsin the United Statesin 2015 [1], and an estimated
99,463 adolescents and young adults in the United States are
living with HIV/AIDS (acquired immunodeficiency syndrome)
[1]. Advances in treatments for HIV can allow those infected
to manage their HIV infection as a chronic, rather than
imminently life-threatening, disease [2]. However, these
achievements can only be made when persons living with HIV
take their medications as prescribed and maintain consistent
medical care[3-6]. Unfortunately, adolescents and young adults
with HIV aretheleast likely out of any age group to be adherent
to care and have a suppressed viral load [3,7].

The percentage of prescribed doses of antiretroviral medications
taken by adolescentsand young adultsrangesfrom 50% to 75%
inthe United States[7-9], and studies, with adults, adol escents,
and children, show that achieving and maintaining an extremely
high level of medication adherence (approximately 90%) is
needed to obtain the full benefits of antiretroviral treatment
(ART) [3,10,11]. Many of the barriers to ART adherence are
similar for adults and youth; however, there are additional
barriersfor adolescents and young adultsliving with HIV [12].
Developmentally, late adolescence and young adulthood is an
age-related period characterized by less inhibition, increased
risk-taking, decreased motivation for planning, and less parental
monitoring [13,14]. Adolescents and young adults can feel
invulnerable to conseguences, and this can explain the
risk-taking and limit-testing behaviors seen during adol escence.
Often, adolescents and young adults do not have fully devel oped
risk assessment skills, impulse control, or organizational
abilities. These characteristics are believed to contribute to lower
rates of adherence to care among this age group [13-15].

The Efficacy of Digital I nterventions

Digital interventions to improve adherence to ART for
adolescents and young adults hold particular promise [16].
Adolescents and young adults aged 18-29 years have high rates
of mobile phone use with 98% owning a mobile phone or a
smartphone[17]. Technologies, such asthe mobile phone, play
anincreasingly significant rolein adolescents' and young adults
interpersonal and environmental life, as they communicate
information, reinforce cultural norms, and influence personal
identity and behaviors [18]. Furthermore, gaming is popular
among youth. In the United States, 99% of teenage males and

http:/mhealthjmir.org/2018/4/e96/

94% of teenage femal es play video games, and 46% of all video
gaming occurs on mobile phones or portable devices[19]. The
widespread apped of digital game playing among all adolescents
and young adults creates a unique opportunity to deliver health
education during leisure time, outside of the clinic, and in a
manner that is cost-effective and easily scalable [20]. Games
can attract and maintain attention, which is a key component
for effective behavior change [21]. Compelling interactive
games can expose players to essential health-related content
repeatedly and also give players unlimited opportunities to
rehearse new skillsand receive personalized feedback on health
choices made within the game[21,22]. Finally, gaming has been
shown to improve motivation for healthy behaviors. Motivation,
defined as the process that initiates, guides, and maintains
goal-oriented actions, is key to maintaining ART adherence
[20,21,23].

There is a paucity of data on gaming interventions to improve
adherenceto ART. However, before the widespread availability
of the internet and cell phones, offline games were found (in
randomized controlled trials, RCTs) to impact other health
behaviors among youth living with asthma, diabetes, and cancer.
A diabetes game for children, called Packy and Marlon,
indicated that a well-designed, educational video game can be
effective in terms of improving diabetes-related self-efficacy
(P=.07), communication with parents about diabetes (P=.03),
and self-care behaviors (P=.003). These changes occurred after
diabetic youth played the game at home for 6 months, compared
to a control group of diabetic youth who took home an
entertainment video game that had no health content [24]. Ina
game called Bronkie the Bronchiasaurus, youth engage in play
with a dinosaur character with asthma and help him save his
homeland while trying to avoid asthma triggers (pollen, cold
viruses, dust) and keep his asthma under control. An empirical
study showed that playing the game for less than an hour
resulted in significant improvements in a player's asthma
knowledge, self-efficacy for asthma self-management, and
self-efficacy for talking with friends about asthma [25,26].
Another video game, named Re-Mission, designed for a wide
age range of adolescents and young adults (13-29 years) with
acute leukemia, lymphoma, and soft-tissue sarcoma showed
promising effects as well. Re-Mission was designed as an
action-adventure game with the main character or protagonist
shooting cancer-causing agentsin the bloodstream. Playersgain
points and strength by adhering to medications in the game
fantasy world. In a randomized control study with a 3-month
follow-up, 375 mae and female participants who played
Re-Mission had significantly improved adherence to
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trimethoprim-sulfamethoxazol e (P=.01) and 6-mercaptopurine
(P=.002) compared with controls after an average of only 10.7
hours of play. Adherence to trimethoprim-sulfamethoxazole
was tracked by electronic pill monitoring devices (n=200), and
the proportion of doses taken correctly by those playing
Re-Mission was 19% greater than those in the control group.
Self-efficacy (P=.01) and knowledge (P=.04) also increased in
the Re-Mission game intervention group compared with the
control group [27,28]. The successful games reviewed above
provided interactive environmentswhere players could improve
motivation and engage in behavioral rehearsal [20-22,24-28].

Gapsin Literature

Despite the promise of digital games, reviewsdescribethat there
isapaucity of published or presented abstractsrelated to gaming
for adolescents and young adults living with HIV [16].
Hightow-Weidman et a identified 5 digita games in
development to improve ART adherence (from National
Institutes of Health’s RePORTER, including our intervention
described here). Published outcomes or descriptions of these
interventions are sparse [16]. LeGrand et a has published a
description of the development phase of a game entitled Epic
Allies. The game is designed to improve ART uptake,
engagement in care, and adherence among young men who have
sex with men (YMSM) and transgender women who have sex
with men. During game play, users can earn medals and tokens
for taking medications and reading health-related studies. These
tokens can then be used to earn access to fun, non-HIV-related
gamesin the app. Users can interact with one another in the app
and send each other positive messages [29]. We could not find
other manuscripts or published descriptions of aniPhone gaming
app to improve adherence to ART for adolescents and young
adults.

There are published descriptions of gaming interventions
targeted to HIV negative youth, who are at risk for acquiring
HIV. An evidence-based gaming intervention called
PlayForward aimsto reducerisk for HIVV among at-risk, ethnic,
and racia minority adolescents aged 11-14 years. This
tabl et-based game provides an interactive world using an avatar
where players face challenges such as peer pressure to drink
alcohol or engage in other risky sexual behaviors. Players can
experience how their choices affect their health and are able to
go back in time to change their choices to create different,
healthier outcomes [30]. The smartphone game SwaziYolo is
aninteractive gamefor HIV-negative young adults (18-29 years)
living in Swaziland, Africa. In this app, players can practice
relationship and health choices while looking for love [31]. A
mobile phone-optimized intervention entitled healthM powerment
is designed to reduce sexual risk behaviors among YMSM. In
thisintervention, Y MSM can acquire reputation pointsthrough
reading information about HIV, playing sexually transmitted
infection-related games, and positive interactions with other
users. These points can be used to purchase T-shirts and iPod
shuffles[32].

There are no gaming interventions for older adults living with
HIV. However, interventions to improve adherence to ART
among older adults have tested the useful ness of less-complex
technologies such as electronic reminders and/or pill bottle
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opening measurements. Reviews show that the most successful
interventions couple these less-complex technologies with
in-person interventions to improve motivation for treatment
[33-35]. Measuring adherence alone (through an electronic
method such as a micro-electro-mechanical systems cap) or
merely reminding patients about pill taking (with an alarm) does
not significantly improve adherence in the long term [35,36].

Among older adults living with HIV, there are also promising
studiesthat have examined interactive text messaging to improve
ART [37]. A metaandysis of 8 studies, reporting 9
interventions, shows that text messaging interventions yielded
significantly higher adherence than control conditions (odds
ratio [OR] 1.39, 95% CI 1.18-1.64). The mean age of
participants in the studies was 40 years (range 36-42 years).
Sensitivity analyses of intervention characteristics suggested
that studies had larger effects when intervention texts were sent
less frequently than daily and included personalized
communication. Text message interventions among adultswere
associated with improved viral load and/or CD4+ count (k=3;
OR 1.56, 95% CI 1.11-2.20) [38]. Less data are available on
text messaging interventions for younger populations living
with HIV. Dowshen et a did report that personalized,
interactive, daily short message service reminderswerefeasible
and acceptable among youth living with HIV who were between
the ages of 14 and 29 years (mean age 23 years). Participants
in that study (N=25) had significantly increased self-report of
adherence at 12 and 24 weeks in comparison with baseline
(week 0: 74.7; week 12: 93.3, P<.001; week 24: 93.1, P<.001)
[39].

Building on thisknowledge, we developed amultilevel gaming
intervention to improve adherence to ART for adolescents and
young adults aged 18-26 years. This intervention integrates a
smart pill bottle cap (that measures adherence) with an
immersive iPhone game and personalized text messaging (see
Multimedia Appendix 1). The gaming intervention wasinformed
by the information-motivation-behavioral skills (IMB) theory
of learning [40-42]. The iPhone gaming app was designed for
participants to experience absorbing action-oriented adventures
that increase information about their health (eg, knowledge
about HIV treatment, transmission, adherence), improve
motivation (eg, action figures experience health benefits of
adherence), and build skills (interact with clinicians at
appointments, take medications as prescribed). Adherence
(measured by the smart pill bottle cap) and game-related text
messages are integrated into the gaming intervention. This
multilevel approach integrates sound theoretical principleswith
novel, but intuitive, technology. The aim of this paper is to
describe the devel opment of this multilevel iPhone gaming app
entitled Battle Viro.

Methods

Gaming App Development

Development of Battle Viro was accomplished using iterative
and collaborative procedures to fully integrate the clinical
experiences of adolescents and young adults living with HIV,
academic researchers, and technology partners. Game
devel opment was guided by qualitativeinterviewswith adiverse
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group of adolescents and young adultsliving with HIV between
the ages of 18 and 26 years. Guided by the principles of agile
software development [43], the qualitative interviews and the
game/app programming were synergistic. Agile software
development aimsfor continuous design testing and adaptation
based on continuous feedback [43].

As discussed in the Introduction, the adherence gaming app,
Battle Viro, was designed to be consistent with the IMB model
of health [44]. The IMB model is a well-established
conceptualization for improving adherence to antiretroviral
medication and engagement in treatment. Nongaming
interventions based on IMB have demonstrated efficacy
[40,41,45]. Reviews have suggested that interventions guided
by accepted theories of change are more efficacious than those
not driven by theory [46]. According to the IMB model, health
information, motivation, and behavioral skills are the
fundamental determinants of health behavior. Information that
isdirectly relevant to adherence and HIV transmission and easily
applied to an individual's cultural and socia setting is a
prerequisitefor success. Motivation to engagein HIV preventive
behavior, including personal motivation (favorable attitudes
toward adherence) and social motivation (perceived social and
cultural support for performing these acts), is also essentia for
healthy behavior. Finaly, skills for performing adherence
behaviors and a sense of self-efficacy are critical components.
The IMB model, consistent with social learning theory, is
broadly applicable and can be used to guide game devel opment
and create theoreticaly consistent gaming content [46,47].
Multiple reviews have demonstrated that behaviora
interventions shown to be most efficacious are those tailored
for the target popul ation and preceded by formative research to
inform intervention development [48-50].

Sample and Recruitment

Males and females, 14 to 26 years old, were €ligible for
enrollment in the study according to the following criteria: (1)
English-speaking, (2) in medical care for HIV and receiving
ART, (3) aware of their HIV status as per clinician and clinical
record, (4) able to give consent/assent and not impaired by
cognitive or medical limitations as per clinical assessment, and
(5) adolescent assent and consent of a parent/legal guardian if
under 18 years of age or consent of youth if 18 years of age or
older. Those who did not meet the above-mentioned inclusion
criteria were excluded.

We recruited 20 adolescents and young adults living with HIV
for qualitative interviews to guide game development after
institutional review board's approval. Subjects were recruited
from a convenience sample in the HIV care clinic in Rhode
Island. Subjects were approached by research staff with an
institutional review board-approved flyer, and written consent
was obtained upon meeting with study staff for the qualitative
interview. Overall, 20 subjects were approached over the course
of theinterviews, and all of them consented and completed the
interview. Subjects were recruited until data saturation was
achieved and a relative balance in the sample was achieved
based on gender, age (<22 vs =22), race, and sexual orientation.
We were not able to recruit participants younger than 18 years
(as originally planned), as the vast mgjority of patients in our
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state who are diagnosed and living with HIV are older
adolescents and young adults. The mean age of participantswas
22 years (range 18-26 years; 8 out of the 20 were older than 22
years). Of the total participants, 60% (6/12) identified as male,
and 60% (12/20) completed 12th grade. Of the participantswho
identified as African American (10/20, 50%), 10% (2/20)
identified as Hispanic and 30% (6/20) identified as white. In
total, 40% (8/20) identified as heterosexual, 40% (8/20)
identified as homosexual, and 20% (4/20) identified as bisexual.
Out of these 20 participants, 12 (60%) reported missing a dose
of antiretroviral medication in the previous week.

Adaptation of the I nfor mation-M otivation-Behavior al
Skills Adherence Gaming | ntervention

A preliminary storyboard for the IMB gaming app proposed,
entitled Battle Viro, was drafted based on the popular Mission
Critical Studios game entitled Dr. Nano X: Incredible Voyage
Insidethe Body [51]. Dr. Nano X isa5-star-rated mobile game
(the highest rating possible) in the iTunes app store and is
available on both Android and iPhone. Weworked directly with
the development team at Mission Critical Studios to develop
Battle Viro using Dr. Nano X as a framework. Adapting our
gameto promote ART adherence from an already existing game
greatly decreased the cost of the project. Characters, actions,
and IMB messaging were built specifically for Battle Viro;
however, we were able to reuse backgrounds, mechanisms of
game play/controls, and many sound effects from Dr. Nano X.
The adapted gaming app for this project, Battle Viro, takes place
inside the human body similar to Dr. Nano.

An initia storyboard was developed for Battle Viro. The
storyboard starts with a short narrative movie that explains that
the player is becoming miniaturized in order to enter his or her
body and destroy attacking viruses and infections (see
Multimedia Appendix 2). Weapons and toolsthat help the player
destroy virusand infectionsin the body can be earned by taking
medications and building an aliance with medical staff. The
first level begins on the surface of the skin. If players
successfully battle virus, engage with providers, take medication,
and make healthy decisions, they move to the next exciting
level. As players become expert nanobots, they move onward
through the arterial system, the lungs, kidneys, brain, and other
new, vibrant, and distinctive organ systems (see Multimedia
Appendices 3-5). Throughout Battle Viro, multiple messages
from doctors, clinicians, and friends are integrated into play as
the nanobot/protagonist successfully destroys virus and other
opponents (ie, opportunistic infections) (see Multimedia
Appendix 6). At the end of each level or each mission, the
player's score (health status and pill count) is shown (see
Multimedia Appendix 7). Each level provides new challenges
in colorful body organs; however, the mission stays the same:
kill the virus and build strength through taking medicine,
learning information, improving motivation, and engaging with
healthy charactersto build skills.

Interview Topics

The interview guide consisted of focused, but open-ended,
guestions aimed at maximizing participant responses (see
Textbox 1). Participants were asked about information relevant
to medical adherence, motivating factors to adherence, and
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behavioral skillsneeded for adherence. The IMB model guided
interview content, and participants were a so queried about their
general gaming experience and their reactionsto the storyboard
and gaming content. The qualitative interviews and app
programming were synergistic [43]. Therefore, 11 participants
were shown storyboards of the game and feedback was elicited,
and additional 9 participants were shown an interactive iPhone
version of the game as it became available, and feedback was
elicited to inform further game design and development.

Whiteley et a

Information Needed for Adherence

Participants were asked about knowledge and information that
have influenced their adherence to medication and engagement
in medical appointments. Questions included “What type of
information from doctors or friends makes it easier to take
medications for HIV?" and “What information makes it easier
to come to appointments?’ This part of the interview aimed to
understand the specific knowledge about HIV and ART that
promotes adherence behaviors. For example, probes focused
on how appropriate administration, expected side effects, and
drug interactions can influence adherence to medication and
care (for more examples, see Textbox 1).

Textbox 1. Qualitative interview guide based on the information-motivation-behavioral skills model.

Questions and probes

Information

«  Wasthere knowledge or information that helped you at different times or at different ages (older vs younger)?
«  Doesdifferent knowledge or information about HIV and medication help boys vs girls?
«  What knowledge about antiretroviral treatment promotes adherence to meds?

«  Doesknowing about side effects and drug interactions change decision making to take medications?

Motivation
«  What arethe mainissuesin medical carefor HIV?

«  What are the things that make it hard to take HIV medications?

o What are the attitudes or feelings that teens like you have that make it harder to take meds? Or easier to take meds?

«  How do partners, your family, and your community play arolein adherence to care?

Behavioral skills
« Doyou useaarms, your phone, or reminders?

«  What do you do if you miss a dose of medication?

«  What are the strategies for adherence over time and across different situations?

« Aretherethings that you do such as eating, or avoiding certain substances, that make taking medication easier?

Genera gaming attitudes

«  What isyour reaction to getting some HIV information and skillsin a game?
« Doyou ever play games that teach you facts or in which you learn something?
« Doyou go online or use your phone to learn information about your health?

. Haveyou ever played a health-related game before on your phone or at a computer?

Reactions to Battle Viro
«  What did you like and not like about it?
«  What do you think this activity istrying to teach you?

«  How much did the material look like the other games that you play?

«  How could this activity or content be improved for teens your age?

«  Now that you have seen this game, would you want to play it?

«  Beforeyou came here today, did you ever find anything like this in a game on a phone or on a computer?

«  Would you be worried about playing the games when others could seeit?

«  What would you say if someone asked you about the game?
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M otivation for Adherence

Participants were queried about motivational issues related to
adherence with probes such as“1 would like to hear about what
you think the serious issues are surrounding taking HIV
medications and coming to medical appointments’ and “What
arethethingsthat makeit hard to take HIV medications?’ This
part of the interview was dedicated to understanding both
personal and social motivations for adherence. Queries were
focused on the positive and negative attitudes toward taking
antiretroviral medications, perceived negative effects of
nonadherence, and theindividual’s perceptions of social support
from significant others, family, friends, and medical care
providers (for more examples, see Textbox 1).

Behavioral Skillsfor Adherence

Participants were asked about the behavioral skills needed for
adherence. Participants were also asked about their ability to
perform necessary adherence-related tasks and his/her perceived
self-efficacy for these tasks. Questionsincluded “What are the
ways that you remember to take medications and remember
your appointments?’ and “What events in your life make it
harder to remember to take medication? Or remember your
appointments?’ We al so asked participants about strategies for
self-reinforcement for adherence over time and across different
situations. We asked questions such as “Do you consciously
think about your medication schedule on a long-term basis?’
and “What strategies have you used or developed to remember
medication or appointments based on your activities?’ This part
of theinterview aimed to assess perceived abilitiesand strategies
to store, obtain, and self-cue the use of medications despite
challenges and across situations (for more examples, see
Textbox 1).

General Gaming Attitudes

Participants were also asked about their general attitudes and
experienceswith games. Participantswere asked questions such
as “What games do you, or people you know, play on the
cellphone?’; “What types of graphics, avatars, and rewards do
you like? And what do you not like?’; and “How are games
useful ? Do you devel op any skillswhen you play games?’ These
queries elicited descriptions of popular game activities and
attitudes about gaming. The responses were used to make the
format and game mechanics of Battle Viro engaging and
immersive (for more examples, see Textbox 1).

Battle Viro Storyboard and iPhone Game

Participants were asked for feedback about the storyboard or
the iPhone game (once the mobile game was ready) with the
probes such as “What was the main point of this activity?’
“What could you learn from this activity?” “Would you
recommend this type of game to your friends?” and “What is
your reaction to having some HIV information and skillsin an
iPhonegame?’ After thefirst version of the game was devel oped
on the iPhone, participants were asked additional and modified
probes such as “Is the game easy to navigate and easy to
understand?,” “Did any part of the game not work?,” and “Are
there other topics that the game should cover that it does not?’
Answers to these questions guided the iterative development
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of the game levels, actions, characters, and graphics (for more
examples, see Textbox 1).

M edication Adherence Monitoring Tracking and
Game-Related Text M essages

Participants were al so asked about the electronic pill monitoring
organizers and game-related text messages. We queried
participants about a 7-day per week electronic device and a
smart pill bottle cap. Both the smart pill bottle cap and the 7-day
organizer can electronically monitor, measure, and securely
relay adherence pill bottle openings to our research team. Each
time a participant opens his or her smart cap organizer, this
information can be wirelessly relayed to a secure network. Our
gaming intervention is designed so that, if a participant misses
a dose, a message is sent from the pill dispenser to study the
investigator's database on a secure server. Study investigators
can then send a game graphic with an adherence-related text
message to the participant. Messages were designed to
encourage players if a dose was missed with phrases such as
“Missing you” and “Get in the game.” If doses were taken on
time, participants would receive texts with game messages that
were congratul atory such as*“ Great job in battle” and “You are
fighting well!!” Low-cost programs exist that alow text
messages to be sent automatically, without research staff
involvement, based on wireless adherence readings from smart
pill capsor 7-day organizers. However, at thistime, integrating
the game-related graphic into the adherence-based text message
is costlier than research staff effort to send the messages
individually. Therefore, for this stage of research (game
devel opment and an upcoming small exploratory RCT), research
staff will be texting participants. For alarger RCT, the cost of
programming automated text messages with game graphics
would be reassessed, as the technol ogy would become scalable.

Quantitative Feasibility and Acceptability Data

After the development of the first version of Battle Viro, 9 of
the 20 participants played the game on an iPhone and provided
both qualitative and written/quantitative feedback. Quantitative
feedback was collected using adapted versions of the client
service questionnaire (CSQ) and the session evaluation form
(SEF). The SEF contains 13 itemsthat assessthe feasibility and
perceived utility of the game. For example, the SEF states “I
will be ableto apply what | learned from this game in my life”
(for which the response options are 1="Strongly agree’;
2="Agree’; 3="Disagree’; and 4="Strongly disagree”’). The
CSQ consists of 8 items that assess general satisfaction with
the game. An example query from the CSQ is “In an overall,
general sense, how satisfied are you with the amount of activities
in the game?’ (for which the response options are 4="Very
satisfied”; 3="Mostly satisfied”; 2="Indifferent or mildly
dissatisfied”; and 1=" Quite dissatisfied").

Procedures

Participant consent and interviews were conducted in a private
room located in the HIV clinic. Interviews were conducted by
either an MD (psychiatrist) or aPhD (psychol ogist) with support
from a trained research assistant. The research staff who
conducted interviewsdid not provide medical or clinical services
inthe HIV clinic. Interviews lasted between 45 and 60 min and
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were digitally recorded. Because we adapted our gaming
intervention from agamethat was already devel oped (Dr. Nano
X), the system and the framework (eg, code, database, design)
wereaready in place at the beginning of the project. Adaptations
to the game occurred as themes emerged from the interviews.
The qualitative interviews and game development happened
concurrently [43]. This process allowed for continuous game
design changes and improvements based on participant feedback
and emerging themes. As part of the iterative process, biweekly
meetings were held with the programmers to discuss all
adaptations, including changes to content, game graphics
framework, and game messaging.

Data Analysis

Qualitative Data

Trained research assistantstranscribed verbatim the digital audio
recordings of each interview. Then the MD- or PhD-level
research team member reviewed the transcripts with the digital
recording for accuracy. Qualitative data analysis followed the
tenets of thematic analysis, which consisted of sequential steps
[52,53], and interviews continued until data saturation was
achieved. The research team familiarized themselves with the
data, reviewing each transcription. Next, the research team met
weekly and generated alist of codes asthey emerged. Theteam
generated athematic table of the analyses and checked the extent
to which the emerging themes reflected the coded data [52,54].
The team grouped the themes under the genera categories of
the interview guide (ART information, ART motivation, ART
behavioral skills, general game attitudes, and reactionsto Battle
Viro). Themeswere examined in their relationship to perceived
utility of the game and for factorsthat would improve or detract
from the game's impact. Team discussion and interviews
continued until discrepancies were resolved.

Quantitative Data

Participant responses on the CSQ and SEF were entered into
an Excel file, and responses were verified with a second entry.
Categorical response frequencies were calculated for each item
of both scales. General acceptability of the intervention is
illustrated using individual items from the scales. CSQ items
are reported using the proportion of participants endorsing
“satisfaction” with the intervention (response options “Very
satisfied” and “Mostly satisfied” were combined). SEF items
are reported using the proportion endorsing “ agreement” with
feasibility and utility of the game (response options “ Strongly
agree” and “Agree”’ were combined).

Results

Reactionsto Battle Viro Storyboard and iPhone

A total of 20 qualitative interviews were completed. Of the 20
participants, 11 were shown the storyboard of the gaming
intervention during qualitative interviews. After feedback on
the storyboard from these 11 participants, the preliminary iPhone
game was developed directly from the storyboard. Then, the
other 9 participants were interviewed after seeing and playing

http:/mhealthjmir.org/2018/4/e96/

Whiteley et a

the game on the iPhone. Interviews were conducted until data
saturation was achieved. Interviews from both the storyboard
and iPhone game reveal ed anumber of themesthat guided game
development. Participants desired informational game content
that included new and comprehensive detail s about HIV, details
about HIV as it relates to doctors’ visits, and general health
information. Motivational themesthat emerged were the desire
for enhancement of future orientation; reinforcement of positive
influences from peers, partners, and friends; collaboration with
health care providers; decreasing stigma; and increasing personal
relevance of HIV care. Behavioral skills themes centered on
self-efficacy and strategies for medical adherence and self-care
(see Table 1).

Table 1 highlights the barriers and facilitators to adherence
expressed by our participants and the corresponding gaming
action or message that was adapted or used to enhance
facilitators or challenge barriers. Table 1 also includes general
gaming attitudesthat influenced the development of Battle Viro
and specific reactions to the Battle Viro storyboard and iPhone
game. In addition to the themes in Table 1, participants who
played the game on the phone said that important gaming
characteristics included directly destroying HIV in game play,
improving health by taking pills, a prologue/introduction with
a dramatic voice-over, and images that were HIV-relevant.
Participants wanted levels that become increasingly difficult
(for asense of accomplishment). Participants did not want HIV
inthetitle of the game due to concerns about privacy and stigma
but wanted to fight HIV in the game action. Participants also
commented that their older friends (at least to age 26) frequently
played iPhone games and those who also had HIV would like
and benefit from this product. For example, a24-year-old black
male participant said, “1 like the progression through organ
systems” A 19-year-old white male participant said, “It was
cool fighting what’s inside the body and shooting and killing
the HIV viruses” An 18-year-old black female stated, “I liked
taking pillsand fighting HIV; it mimicked real -life experience.”
A 25-year-old Hispanic male stated, “It was cool that | am
playing a game about HIV, that it was like tailored to me,” “I
think my other friends who are positive would like this game,”
and “The sound effects and music were cool” (see Table 1).

The game was iteratively changed as comments were received
that indicated a need for alteration. For example, facts about
HIV and adherence were made more sophisticated when
multiple participants gave feedback such that they knew most
of the information given in the game, and they wanted more
detailed information about side effects in the game. Many
participants al so asked for information about general health and
substance use. A representative comment wasfrom a19-year-old
white malewho said, “1 think there should be factsin the game
about other health stuff, about smoking, exercise, and diet.”
Many participants al so wanted more guidance through the levels.
For example, a 25-year-old Hispanic female participant stated,
“1 would like better orientation to thelevels,” and an 18-year-old
black male said, “ There needs to be instructions or hints when
it gets hard” (see Table 1).
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Table 1. Qualitative interview themes and resulting game adaptati ons based on the informati on-motivation-behavioral skills (IMB) model.

IMB construct and themes

Resulting game adaptations or actions

Infor mation

New and comprehensive details of HIV

HIV asit relates to doctors visits
Genera health information

Motivation

Enhancement of future orientation

Personal relevance of HIV care

Collaborating with health care
providers

Reinforcement of influences from
peers, partners, and friends

Decreasing stigma

Behavioral skills

Self-Efficacy for medical adherence
and self-care

Strategies for medical adherence and
self-care

General gaming attitudes

Desire for games with levels, sound

Game includes complex and realistic information about opportunistic infections and HIV. Participants
fight off infectionsin each organ. Opportunistic infections are graphically represented. Facts about HIV,
CD4 counts, immunity, and viral loads are imparted at every level. HIV is pictured.

Terms and verbiage often used at doctors’ visits are used and defined in the game frequently.

Participants in game receive messages about how exercise and healthy eating also effects health. Partic-
ipants a so receive messages about avoiding cigarettes and illicit substances throughout each level.

Messages about staying aivefor family, friends, and children scroll through game. As gaming partici pant
takes more pills, and builds more health, they are able to move through levels, receive more artillery,
and have more success.

Participants are shrunken down to enter into their own body in order to fight HIV. Gaming participants
see how HIV affects their organs during play.

Throughout the game, the participant has to partner with doctors to advance to the next level, build
strength, and collect artillery.

Scrolling messages remind gamers that staying alive for partners, friends, and family is meaningful for
themselves and loved onesin their lives.

Participant is empowered to kill HIV and feel stronger with each healthy decision. Adherenceto careis
valued as healthy, not as a consequence of being sick.

Solving problems and collecting pills or swallowing pills, in the game leads to higher “Immune Status,”
more health, and more artillery. Thisleads to more game play. Perseverance throughout levels leads to
success in game.

Scrolling messages encourage participantsto use 7 day pill organizers, schedule routine doctors' appoint-
ments, and ask providers/doctors questions about topics relevant to them.

Levels organ systems becomeincreasingly difficult (for asense of accomplishment). Background music,

effects, colorful graphics. Ability to
earn pointsin game, and choose avatars

Reactionsto Battle Viro

Desire for game action that is realistic
with relevant info about HIV.

Concerns about stigma.

sound effects, and dramatic voice-overs included. Colorful graphics are included and change often.
Choice of avatarsis available. Participants earn pointsin game by swallowing pills.

Participants can directly destroy HIV in game play, and graphics look like HIV. Participants improve
health, and gain points in game by taking virtual pills. Participants liked progression through organ
systems, with info about HIV that is pertinent to that organ system. Participants learn health facts about

HIV that are complex (ie, information about opportunistic infections) during play.

Monitoring Pill Bottle Opening and Game-Related
Text M essages

We asked participants about the text messages with gaming
graphicsand the use of asmart pill cap that measured adherence.
During the interviews, we demonstrated how openings of the
pill bottle were measured wirelessly, and we showed participants
sample adherence-informed text messages. When looking at
the smart pill cap, an 18-year-old black male participant stated,
“It’scool how it linkswith game,” and “It's awesome that there
is a bottle that knows what you are doing.” A 19-year-old
Hispanic female participant stated, “I hate this pill bottle cap,
it's clunky.” A 26-year-old white male described, “It was
annoying because | can't just carry it; it's too big.” Multiple
participants stated they would rather use their 7-day organizer.
For example, a 21-year-old black female stated, “If you gave
thisto me, | would never useit; | would just open it every time
| took apill out of my normal 7-day organizer.” A 22-year-old
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black male said, “I would not use this because | would have to
empty al my different pills into the same bottle, | like a daily
organizer better.” Participants were shown text messages that
corresponded to adherence data from the smart pill cap.
Participantsliked the proposed text messages and an 18-year-old
black female described, “These messages will remind me to
take my medications.” A 22-year-old Hispanic male stated, “I
like the pictures’ and “the texts seemed upbeat and cheerful”
A 25-year-old black male participant described, “ These texts
are good and they make me kindawant to play the game again,”
and “I am glad they did not say HIV in them.” Of the
participants, 3 described that texts “that always say the same
thing are boring” (25-year-old black male, 23-year-old black
female, and a 19-year-old black male),” and an 18-year-old
African American male stated, “| would like more messagesto
have more about the game.”
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Acceptability and Feasibility

CSQ and SEF scores were available from participants who
played the game on the iPhone for 45-50 min. In addition, 90%
(10/11) of the participants were satisfied with the activitiesin
the game; 82% (9/11) learned alot from this game; 73% (8/11)
thought the game was well organized; 82% (9/11) felt game
topicswereinteresting; 82% (9/11) felt they would recommend
the game to a friend; 64% (7/11) felt game topics stimulated
their interest in the material; 55% (6/11) felt that game topics
were relevant to their lives; and 55% (6/11) felt they were able
to do the activities in the game.

The gaming intervention was improved based on the above
acceptability and feasibility feedback from the CSQ and SEF
and aso on the feedback from the iterative, qudlitative
interviews (see Table 1). Specificaly, game play was made
easier with written messages and hints throughout each level
on how to move forward. We aso improved narrated
instructions at the beginning of each level to assist players.
General health facts about smoking, eating healthy, and avoiding
substances such as drugs and alcohol were incorporated into
the game. To improve text messages, we included emojis and
designed 10 different text messages utilizing phrases based on
participant feedback. To improve on the electronic device used
for measurement of medication adherence, we moved from a
smart bottle pill cap to an electronic 7-day organizer made by

Wisepill.

Discussion

Principal Findings

In this project, we utilized qualitative interviewing, focused by
social learning theory (IMB), to create an iPhone gaming
intervention to measure and improve treatment adherence for
HIV-infected adolescents and young adults [40-43,45]. A
number of themes emerged through qualitative interviews with
youth that informed game development. We found that youth
desired informational game content that included comprehensive
details about HIV, doctors visits, and genera health
information. Motivational themes or findings that emerged were
the desire for enhancement of future orientation; the need for
reinforcement of positive influences from peers, partners, and
friends; and the promotion of collaboration with health care
providers. Motivational themesalso included decreasing stigma
and increasing persona relevance of HIV care. Behavioral skills
themes or findings centered around self-efficacy and strategies
for medical adherence and self-care.

Using the IMB theory in the devel opment of this game ensured
that the intervention was informed by decades of prevention
research. This study demonstrates that qualitative assessment,
socia learning theory, and agile software development can
complement each other and are important components to the
development of aculturally tailored and clinically relevant app.
Participant data were used throughout the development of the
game and informed the informational, motivational, and
behavioral skill-building components of the game. Using a
storyboard provided the research team with opportunities to
share concept models with participants early on in the design
process, and gather feedback with respect to necessary
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modifications. Sharing the iPhone game with participants as it
was developed aso alowed for necessary, incremental
improvements. Adolescents and young adults living with HIV
provided key qualitative insights with respect to the content and
design and process of the game. Culturally tailored games that
are informed by those who will use them have more potential
for effective integration and uptake in clinical settings.

Although iPhone games are pervasive in popular culture, few
gaming apps have been devel oped to improve health outcomes
for personsliving with chronic illnesses. Findings of this study
highlight several important barriers and facilitatorsto adherence
to medication and treatment for young adults and adolescents
living with HIV. Mabile interventions have the potential to
reinforce skillslearned in the clinic and require fewer resources
to deliver patient-centered, evidence-based interventions [55].
Furthermore, apps and mobile phone games have the potential
to engage adolescents in interventions who otherwise may not
be willing or able to participate in prevention programs.

Gaming and mobile apps also have the potential to advance the
delivery of information and promote healthy decision making
in disproportionately  affected populations, including
disadvantaged urban and minority youth who often have less
access to medical care and support [53]. National data from
Pew Research Center indicate that younger, ethnic and racial
minority populations use smartphones frequently, and some
data show that African American youth are more likely to be
mobile phone usersthan their white peers[56]. The adolescents
and young adults in this study repeatedly expressed having
access to, and familiarity with, iPhones. This widespread use
of iPhones facilitates the uptake of gaming apps in clinical
populations. Therefore, mobile technol ogies, such as smartphone
games and apps, have agreat potential to enhance medical care
for populations who are disproportionately affected by HIV and
other sexually transmitted infections.

Limitations

Findings should beinterpreted in light of study limitations. First,
our participantswere recruited fromasingle HIV clinicin New
England. Thisclinic may not be representative of al HIV clinics
in the United States or internationally. Therefore, the
generalizability of the data collected to inform the devel opment
of the app is unknown and may be limited. Second, this study
focused on adolescent and young adult patient perspectives. It
may be equally important to integrate clinician and caregiver
perspectivesinto the game. In the future, including friends and
social networksinto the app/gaming prevention programscould
be novel and effective. Perspectives of family, friends, and
clinicians could also lead to a more robust understanding of
barriersand facilitators to adherence to medication and treatment
for those living with HIV. Therefore, future research could
examine the utility of integrating feedback from clinicians,
caregivers, and friends into the gaming app. Finaly, this app
was developed for the iPhone. Development of the app for
Android devices could alow for greater availahility of the game
and could be aforthcoming step in the future phases of research.
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Conclusions

This study is a significant step in working toward the
development and testing of an iPhone gaming app intervention
to promote adherence to ART. The long-term goa of this
research program is to test our mobile game, Battle Viro, in a
randomized trial and, if effective, disseminate the intervention
to other clinical sites. There are many advantagesto using newer
interactive technology to improve adherence, rather than
traditional face-to-face counseling, including scalability,
efficiency, and cost-effectiveness. As electronic games are
highly appealing to adolescents and young adults [57], they are
anatural opportunity to deliver health education during leisure
time and outside of the clinic [49,50,57-59]. Games can attract
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and maintain attention, which is akey component for effective
behavior change. Compelling interactive games can expose
players to essential health-related content thousands of times
and also give players unlimited opportunities to rehearse new
skillsand receive personalized feedback on health choices made
within the game [27,60]. We are not aware of other adherence
interventions that integrate medication adherence monitoring
technology, text messaging, and atheoretically informed game
to improve information, motivation, and behavioral skills for
ART adherence. An intervention with these components may
empower and engage HIV-infected adolescents and young
adults, aid overburdened clinics, and result in improvementsin
health for youth.
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Multimedia Appendix 7
Summary of points earned at the end of each level.
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Abstract

Although it is becoming increasingly popular to monitor parameters related to training, recovery, and health with wearable sensor
technology (wearables), scientific evaluation of thereliability, sensitivity, and validity of such dataislimited and, where available,
hasinvolved awide variety of approaches. Toimprove the trustworthiness of data collected by wearables and facilitate comparisons,
we have outlined recommendations for standardized eval uation. We discuss the wearabl e devicesthemsel ves, aswell as experimental
and statistical considerations. Adherence to these recommendations should be beneficial not only for the individual, but also for

regulatory organizations and insurance companies.

(JMIR Mhealth Uhealth 2018;6(4):€102) doi:10.2196/mheslth.9341
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Introduction

Wearable sensors (so-called “wearables’) are currently the
world's leading trend in fitness [1,2] and are being employed
widely by various groups to monitor variablesrelated to health,
physical activity, training load, and recovery [3,4], often with
the goal of individualizing physical activity and improving
performance. Several insurance companies promote such
monitoring [5] and an increasing number of organizations that
regul ate sports (eg, the International Football Association Board
[6]), allow wearables to be worn during competitions (albeit
with certain limitations).

http://mhealth.jmir.org/2018/4/e102/

If wearables are to be of value in enhancing health and
performance [4], it is becoming more and more imperative that
the datathey supply are proven to be trustworthy by employing
scientific approaches [7]. Unfortunately, wearables are often
marketed with aggressive and exaggerated claims that lack a
sound scientific basis [7], and the unreliable data they provide
(and/or interpretation thereof) hasresulted in costly class-action
lawsuits [8] and provides little or no value to the customer.

Recent scientific evaluation of wearable data has involved
widely heterogeneous study designs (including the nature and
size of the study population), methodologies, criteria for
comparisons, terminologies, and statistical analyses, aswell as
varying intensities/modalities of exercise. Assessment of novel
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technology may be influenced by the particular test conditions
employed [9]. For example, laboratory data may not be
transferable to real-life situations and data trustworthy in a
resting condition or during low-intensity exercise may become
lessvalid at higher intensity (eg, dueto motion artifacts). Thus,
variations in methodology complicate the comparison of
scientific evaluations of wearable data.

From our perspective, athletes, manufacturers of wearables, and
organizations concerned with health, sports, and insurance could
all benefit from basic recommendations for assessment of the
reliability, sensitivity, and validity of data provided by wearable
sensors. The am of this paper is to formulate such
recommendations.

Factors Inherent to the Wearables
Themselves

Sensor Char acteristics

Wearables contain a wide variety of sensors (eg,
electrochemical, optical, acoustic, and/or pressure-sensitive),
as well as inertial measurement units and global navigation
satellite systems (including global positioning systems [GPS]).
More than one of these are often present within the same device.
These sensors, produced by various manufacturers, are designed
to monitor a variety of internal (eg, heart rate, tissue
oxygenation, distribution of plantar pressure) and/or external
(eg, acceleration of body segments, speed while exercising)
parameters, mostly noninvasively [3]. With multi-sensor devices,
the quality of data and parameters derived depends on the
interplay between the sensors, each of which must therefore be
scrutinized both independently and in combination with the
others. Consideration of individual sensorsis beyond the scope
of the present recommendations and we refer the reader to other
relevant work for such information [3,10,11].

Software

The nature of the software in the wearable itself, as well as of
the softwarein any accompanying device (ie, laptop, smartphone
application) exertsa considerableinfluence on dataquality. For
example, the software in GPS receivers or analytical software
on an accompanying device may actually alter data[12-14]. We
therefore urge researchers to describe the software utilized by
the wearable and accompanying devices and/or the invol vement
of “cloud” technology in detail.

Acquisition of Raw Data: Sampling Frequency and
Filtering

Although of less concern to the private consumer, to improve
thereliability, sensitivity, and validity of data used for research
purposes we recommend that manufacturers provide access to
rav data. This issue is of particular interest in the case of
multi-sensor devices, which often calculate a single value by
combining datafrom several sensors (acommon example being
calculation of energy expenditure by merging heart rate with
several GPS parameters), yet the contribution by each individual
sensor is often unclear. Describing these contributions could
enhance scientific trustworthiness (eg, by improving the
algorithms employed).

http://mhealth.jmir.org/2018/4/e102/
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A high sampling frequency, which normally enhances data
quality, may be achieved artificially by filtering techniques (eg,
interpolation) that produce no actual improvement in thisquality
[15]. Consequently, both the sampling frequency and any
filtering techniques applied should be described in detail.

Dur ability

Sensors can deteriorate or even wear out with extended use and
it isclearly important to describe the durability of the wearable
and its sensor technology, at least as indicated by the
manufacturer. Unlike laboratory equipment, most wearables
are not checked routinely, making such description essential.
Wearable devices are typically brand-new when evaluated and
the quality and trustworthiness of the data they provide may
change with use.

Precise Reporting of Anatomical Positioning

Wearables and their algorithms are often designed for use at a
specific position or region of the body, which, consequently,
must beindicated clearly. In certain cases, imprecise positioning
may attenuate data quality [3]. For example, sensorsfor surface
electromyography incorporated into clothing must be positioned
precisely on the muscle, preferably along the midline, halfway
between the entrance of the nerve and myotendinous junction
[16]. On a daily basis, such accurate positioning may prove
difficult, especially since this is often performed by
nonprofessionals. Moreover, signal reproducibility may be
affected by repeated donning and removal of garments.
Consequently, we encourage researchers to describe in detail
the positioning of wearables, aswell as reproducibility of data.
Researchers often evaluate several wearables simultaneously
and such devices in close proximity can interfere with one
another [15]. We recommend strongly that any potential
interference be controlled for.

Experimental Considerations

Study Population

Selection of the study population (eg, cyclists, runners or team
members, elite or recreational athletes, youth or adults, men or
women) should accurately reflect the intended use of the
wearable. Each popul ation behaves differently (eg, with respect
to lifestyle) and algorithms should be transferred from one
specific population to another only with great care. Theinclusion
and exclusion criteriafor participants must be described clearly.
If anyone opts out of the experimental procedure or data
analysis, areason should be given.

Exercise Protocol

The intended purpose and conditions for use of the wearable
should be clarified. If designed for monitoring general activity,
data should be collected in connection with various forms of
exercise (eg, running, cycling, rowing, intermittent activities,
activities of daily living) of varying intensity (eg, resting,
submaximal, high), in different positions (lying, sitting, or
standing), and/or while moving freely. If awearableisintended
to be used in connection with team sports such as soccer, a
protocol mimicking the demands of this sport-including
low-speed running, straight sprints, change-of-direction, and
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tackling—is much more preferable than running constantly at
low speed only.

Potential Confounders

Factors that could influence the outcome, such as temperature
and humidity, the warm-up procedure, nutritional status, and
any form of encouragement, should resemble the red-life
situation as closely aspossible[17,18] and be described in detail .

Other potential confounders may also need to be taken into
consideration. For example, sensors that monitor electrical
signals (eg, for electromyography or electrocardiography) may
be influenced by other devices, such as a participant’s
pacemaker. Optical sensors (eg, for photoplethysmography) can
be affected by the photosensitivity of the skin or by
vasoconstriction [19,20]. In the case of GPS receivers, the
horizontal dilution of precision, as well as the number of
satellitesto which the wearabl e is connected, should be reported
[15]. Although there are no clear rules, two wearables should
not be tested at the same time (eg, one on top of the other) or,
if they are, potential interference and crosstalk should be
examined for by switching the positions of the devices [21].
Adequate controlling for numerous confounding factorsrequires
a good understanding of both the sensor technology and
associated physiological and/or biomechanical processes.

Special Considerations Concerning Reliability

Intradevice reliability concerns reproducibility within the same
device [22,23], while interdevice reliability (reproducibility
with different devices) isto be tested if the devicesin question
are intended for interchangeable use [12]. Both types of
reliability should be confirmed routinely. Recently, it has been
recommended that at least 50 participants and threetrial s should
be involved in order to obtain precise estimates of reliability
[23]. When multiple trials are performed at different times,
potential confounders must vary aslittle as possible.

Special Considerations Concerning Validity

Several different types of validity (eg, logical, convergent, and
construct validity [24,25]) are probably equally important in
this context, but discussion of these in detail is beyond the
present scope and werefer the interested reader to other relevant
articles[24,25]. Here, wefocus on concurrent criterion validity,
sincethisisprobably easiest to access with respect to wearables.
Concurrent criterion validity eval uates the association between
data provided by the new device and another device considered
to be more valid (sometimes referred to as a criterion measure
or “gold-standard”) [23,25].

For certain parameters, there are generally-accepted criterion
measures (eg, polysomnographic parameters of sleep [26] and
an ingestible telemetric sensor for core body temperature[27]).
However, for others (eg, energy expenditure at severa
timepoints while moving freely and in-shoe plantar pressure)
no such measures are currently available. We encourage
researchers to describe the trustworthiness of their criterion
measures and strongly discourage the use of measures not
considered to be “gold-standard” for validation of the quality
of wearable data.

http://mhealth.jmir.org/2018/4/e102/
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Statistical Analyses

Overview

The various statistical approaches for evaluating the reliability
or validity of wearables all have limitations [28,29]. Without
discouraging the usage of other robust approaches (eg, the
Standard Error of Measurement for reliability studies [28] or
Bland-Altman plots for validity studies [30,31]), we propose
one possible approach to statistical assessment of wearable data
concerning reliability, sensitivity, and validity in the following
sections.

Reliability

Reliability should be documented in terms of intrasubject
variability (eg, measured as standard deviation, “...the random
variation in a measure when one individual is tested many
times’), which is possibly the most important indicator of the
reliability of measures of performance and sometimes referred
to astypical error (TE) [23]. The TE can aso be expressed as
the coefficient of variation (%CV) [23] and we encourage the
reporting of both.

Another measure of reliability (eg, “...the changein mean value
between 2 trials...”) assesses systematic bias in combination
with random variations [23]. The random variation is simply a
sampling error, which tends to be smaller with larger samples.
Systematic bias can be due to learning by (and training of)
subjectsor effectsrelated to fatigue, and consequently can often
be minimized by familiarization trials or adequate rest between
trials, respectively [23].

In addition, researchers should assesstest-retest reliability with
the intraclass correlation coefficient [32], which “represents
how closely the values of one trial track the values of another
as we move our attention from individual to individual” [23]
or, in other words, the reliability “of the position or rank of
individuals in the group relative to others’ [28]. Moreover, to
determine whether data provided by different wearables can be
used interchangeably, it may be of interest to evaluate
interdevice reliability, previously accomplished by calculating
the %CV between the devices when worn simultaneously [12].
Sensitivity

Wearables designed to track changes in performance and/or
parameters over time must, of course, be sensitive to such
changes [33]. Even with areliable test, the noise can be high
enough to mask changes in parameters [33]. In the case of
individual elite athletes, for whom certain fitness parameters
aredirectly correlated with performance (eg, energy expenditure
at a given running intensity; the lower, the less intense), the
smallest worthwhile change (SWC) is 30% of the individua’s
typical variation in performance [34]. Where there is no clear
relationship between parameters of fitness and performance (eg,
strength and team sport performance), it has been proposed that
the SWC be calculated (0.2 times the between-subject standard
deviation, based on Cohen’s effect size principle) and compared
with the noise of the measuring device or test [33,34]. This
noise can be expressed as the TE, which can be obtained from
reliability studies, as described above. A TE less than, similar
to, or higher than the SWC can be rated as “good,” “OK,” or
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“marginal,” respectively [33]. When assessing sensitivity,
similar and reliable experimental approaches are required.
Validity

Linear regression analysis can be employed to identify biasand
provide an estimate of the TE in wearable data [29,35,36].
Furthermore, Pearson’s product-moment correlation coefficient
should be calculated [36] to compare the degree of association
[33,37] between data obtained with the criterion measure and
the wearable. However, a significant correlation does not
definitively mean that these data do not differ and is not,
therefore, on its own a sufficient indicator of validity [30].

Diking et a

monitoring training load, recovery, and health by wearables.
We are well aware that with certain technologies, other
methodol ogical considerations may be of particular importance
and that new approaches are emerging constantly. Although
evaluation may not be possible or even desirable in every
individual context, findingsin one situation should betransferred
to another only with great care and appropriate justification.

The market for wearables is growing exponentially and their
scientific evaluation in atrustworthy manner needsto keep pace.
The success of a wearable device depends on gaining the trust
of the consumer, stakeholders, and policymakers alike (eg, by

Conclusions

transparent reporting of standardized validation, ideally carried
out by an independent research institution). We are convinced
that these recommendations can aid manufacturers of wearables,

Here, we have outlined general recommendations (summarized ~ ahletes, coaches, team managers, insurance companies, and
in Table 1) for the evaluation of the trustworthiness of Other stakeholdersand policymakersalikein evaluating wearable

sensor technologies and/or selecting appropriate devices.

Table 1. Checklist of important considerations associated with the eval uation of data provided by wearables.

Factor

Action/recommendation

Sensor characteristics

Software

Raw data

Durability

Anatomical positioning

Study population

Exercise protocol

Confounders

Assessment of reliability

Assessment of sensitivity

Assessment of validity

«  Scrutiny of each sensor

«  Specify calculationg/agorithms
«  Report the version of software and firmware involved

«  Report sampling frequency
«  Report filtering techniques and aggregation

«  Report the durability and age of the device

Report the precise anatomical positioning of sensors

Report signal reproducibility upon repeated putting on and taking off
Report considerations concerning positioning

Control for and describe potential interference

«  Describe the target population
«  Specify inclusion and exclusion criteria
«  Generdlizeto other populations only with great care

«  Describe conditions (eg, ambient temperature, atitude) in as much detail as possible
« Investigate different forms of exercise (running, cycling, walking, moving freely)
« Apply different intensities (lying, sitting, low and high intensity)

«  Report any potential confounding factors
o Perform assessment in both controlled and real-life scenarios
o  Check for potential crosstalk between devices

Determine intradevice and interdevice reliability
Document intrasubject standard deviation
Report the coefficient of variation

Calculate the intraclass correlation coefficient
Recruit at least 50 participants

Report systematic bias

«  Cdculate the smallest worthwhile change

«  Choose an appropriate criterion measure and assess the reliability of this measure as well
«  Perform linear regression analysis
«  Calculate Pearson’s product-moment correlation
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Abstract

Background: Personal health records (PHRs) and mHealth apps are considered essential tools for patient engagement. Mobile
PHRs (mPHRs) can be aplatform to integrate patient-generated health data (PGHD) and patients’ medical information. However,
in previous studies, actual usage data and PGHD from mPHRS have not been able to adequately represent patient engagement.

Objective: By analyzing 5 years PGHD from an mPHR system devel oped by atertiary hospital in South Korea, we aimed to
evaluate how PGHD were managed and identify issues in PGHD management based on actual usage data. Additionally, we
analyzed how to improve patient engagement with mPHRs by analyzing the actively used services and long-term usage patterns.

Methods: We gathered 5 years (December 2010 to December 2015) of 1og data from both hospital patients and general users
of the app. We gathered data from users who entered PGHD on body weight, blood pressure (BP), blood glucose levels, 10-year
cardiovascular disease (CVD) risk, metabolic syndrome risk, medication schedule, insulin, and allergy. We classified users
according to whether they were patients or general users based on factors related to continuous use (=28 days for weight, BR,
and blood glucose, and =180 days for CVVD and metabolic syndrome), and analyzed the patients' characteristics. We compared
PGHD entry counts and the proportion of continuous users for each PGHD by user type.

Results: The total number of mPHR users was 18,265 (patients: n=16,729, 91.59%) with 3620 users having entered weight,
followed by BP (n=1625), blood glucose (n=1374), CVD (n=764), metabolic syndrome (n=685), medication (n=252), insulin
(n=72), and alergy (n=61). Of those 18,256 users, 3812 users had at least one PGHD measurement, of whom 175 used the PGHD
functions continuously (patients: n=142, 81.14%); less than 1% of the users had used it for more than 4 years. Except for weight,
BPR, blood glucose, CVD, and metabolic syndrome, the number of PGHD records declined. General users' continuous use of
PGHD was significantly higher than that of patientsin the blood glucose (P<.001) and BP (P=.03) functions. Continuous use of
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PGHD in health management (BP, blood glucose, and weight) was significantly greater among older users (P<.001) and men
(P<.001). In health management (BP, weight, and blood glucose), overall chronic disease and continuous use of PGHD were not
statistically related (P=.08), but diabetes (P<.001) and cerebrovascular diseases (P=.03) were significant.

Conclusions: Althoughasmall portion of users managed PGHD continuously, PGHD hasthe potential to be useful in monitoring
patient health. To realize the potential, specific groups of continuous users must be identified, and the PGHD service must target
them. Further evaluationsfor the clinical application of PGHD, feedback regarding user interfaces, and connections with wearable

devices are needed.

(JMIR Mhealth Uhealth 2018;6(4):€89) doi:10.2196/mhealth.9620

KEYWORDS

personal health record; mobile health; patient engagement; patient-generated health data; health records, personal; telemedicing;

patient participation

Introduction

Patient centeredness and patient engagement are essential
characteristics of health care services and provide the greatest
benefits to patients [1]. In precison medicine, patient
engagement and patient-generated health data (PGHD) are
regarded to be as important as clinical and genomic data [2-5].
Aswired, widespread tools for data collection, mobile phones
and apps can generate engagement and gather data [2,3,5,6].
Mobile patient health records (mPHRs) can integrate and
manage such kinds of data and can be connected with other
mobile services. Moreover, for personalized care and customized
treatment, sufficient patient dataare required [6,7]; intermittent
information collected at the hospital may not provide sufficient
patient data[8]. Therefore, the establishment of ahealth platform
for patientsand patient participation is needed, and patient health
records (PHRS) are an appropriate tool for this purpose [6].

Patient informati on accumul ated through mPHRs and wearable
devices can help build a personalized baseline[2]. PGHD have
the potential to change the paradigm for existing normal ranges
[2]. Information gathering through patient health platformsis
expected to benefit medical care and patient health outcomes
[9-14]. Meanwhile, there are concerns about the construction
of such patient health platforms [10,15,16]. In particular,
mHealth apps, which are easily accessibleto patientsand health
personnel, are frequently discontinued and discarded [17]. Itis
necessary to encourage long-term use to maximize the effects
of the health outcomes of the health platform and fully utilize
the collected information. To thisend, it is necessary to analyze
factorsthat affect thelong-term use of health platforms. Several
studies have been conducted regarding this topic.

Previous studies have noted the lack of usage data research that
analyzes the use of mPHRs from the perspective of PGHD
[6,10]. In particular, there is alack of research on modifiable
factors (eg, service menu) and the persistence of health platforms
based on data. In addition to user-specific characteristics (eg,
age, sex, diagnosis), studies should be conducted on the
modifiable factorsthat affect use duration, to facilitate activities
that promote continued use.

http:/mhealth jmir.org/2018/4/e89/

We conducted this study using data on the 5-year use of an
mPHR system distributed by atertiary hospital in South Korea.
The mPHR system, which has been used since 2010, provides
several functions through which users can log their health data.
Based on actual usage data, we investigated the usage pattern
and characteristics of the users of PGHD services. To the best
of our knowledge, this is the first study on the long-term use
and input of PGHD through mPHRs.

Methods

Data and Mobile Patient Health Record Description

We collected the | og data of an Android-based mPHR app called
My Chart in My Hand (MCMH) at Asan Medical Center
(AMC), which is the largest general hospital in South Korea.
AMC established the Ubiquitous Health Center in 2009, and
the MCMH was implemented on December 27, 2010, after
collaboration with a Korean telecommunication company (SK
Telecom Co Ltd, Seoul, Republic of Korea) [18]. The
Ubiquitous Health Center is responsible for the devel opment,
operation, and management of telehealth services and various
apps related to mHealth in AMC. Released in January 2011,
MCMH is the first mPHR in South Koreg; it enables patients
to view and manage their own health records [19,20]. MCMH
2.0 has been operational since 2016; it offers more diverse
functionsfor patient engagement (disease diaries and assessment
tools [patient survey] for symptoms, lifestyle, quality of life,
and stress, which can be used in clinicsfor cancer, inflammatory
bowel disease, diabetes, and pediatric asthma and atopy) and
medication consultationswith aclinical pharmacist. This study
isauser pattern analysisfor MCMH 1.0, which was operational
from the end of 2010 until 2015. MCMH 1.0 provides the
following 4 menus: My chart, Health management, Medication
management, and Outpatient support service[21]. Among these
4 functions, PGHD belong to the Health management,
Medication management, and My chart menus. MCMH is not
restricted to AMC patients. General users can download the app
and use the functions related to the above PGHD, although the
functions connected to the AMC hospital information system
are limited to its patients.
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Figure 1. Patient-generated health data (PGHD) screensin the My Chart in My Hand app for the Health management, Medication management, and
My chart menus. The functions corresponding to PGHD in the 3 screens are indicated by dashed boxes. The original app showed menu namesin Korean,
which have been translated into English. AMC: Asan Medical Center; BMI: body mass index; BP: blood pressure; BST: blood glucose level; CVD:
cardiovascular disease; HT: height; EMR: electronic medical record; WT: weight.
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Theitemsin dashed boxesin Figure 1 show the detailed PGHD
items that the user storesin MCMH. The health management
function providesfeaturesfor tracking and updating PHRs, such
asblood glucose levels, blood pressure (BP), and weight. Based
on theinformation entered by patients, body massindex, 10-year
cardiovascular disease (CVD) risk, and metabolic syndrome
risk can be calculated. The medication management function
provides medication schedulers and reminders of when to take
medicines. Users can manage their medication schedules
(Medication) and insulin injections (Insulin) themsel vesthrough
thisfunction. Usersare required to input datamanually on these
PGHD functions, asthereisno functionality for accepting data
streams from personal tracking devices.

Study Design

To identify the usage pattern of the PGHD functions according
to the type of PGHD, user type (patient or general user), and
continuous use of the function, we analyzed thelogs of al users
who signed up and logged in more than once between December
2010 and December 2015. MCMH 1.0 was launched on
December 20, 2010, for test users and on December 27, 2010

for all users. It was replaced with MCMH 2.0 on December 31,
2015.

As there are no existing criteria for continuous use of PGHD
services, this study defined the criteriafor each PGHD function.
We defined continuous use as follows: weight, BP, and blood
glucose entered at least once per week and used for at least 4
weeks (28 days); 10-year CVD risk and metabolic syndrome
risk entered at |east twice and used for at |east 180 days. Because
weight, BP, and blood glucose are continuous values that

http:/mhealth jmir.org/2018/4/e89/
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indicate users daly hedth status, 10-year CVD risk or
metabolic syndrome risk is a risk-evaluation function that has
no definite consensus regarding the evaluation period; we
derived these criteria differently through discussion.

The user logs contained time stamps for each PGHD function,
recorded whenever an individual used these functions. We also
gathered demographics and medical records for patients, such
asage, sex, residence, and health information, including hospital
visits and presence of chronic diseases, using our clinical
research data warehouse [22]. We conducted demographic and
medical record comparison analysis of patients between
continuous use and noncontinuous use by classifying the PGHD
variables into health (BP, weight, and blood glucose) and risk
(10-year CVD risk and metabolic syndrome risk) management.
Distance from AMC to the patient’s residence was designated
as short distance if the patient lived in the capital region with
AMC and aslong distanceif the patient lived outside the capital
[18]. The presence of chronic disease was classified by the
definitions of the Korea Center for Disease Control and
Prevention: cancer (C00-C97), diabetes (E10-E14), CVD
(120-151), cerebrovascular disease (160-169), chronic lower
respiratory disease (J40-J47), and liver disease (K70-K76)
[23,24]. Weclassified dl diseases according to the International
Classification of Diseases, 10th Revision.

This study was approved by the AMC's institutional review
board (no. 2017-1128). The ethics committee waived the need
for informed consent, as this study used routinely collected log
data that were anonymously managed at al stages, including
during data cleaning and statistical analyses.
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Figure 2. Patient inclusion and exclusion criteria (white boxes) and flow through the study. The gray boxes show user log analyses. The dashed boxes
indicate additional patient clinical data obtained from the users. *Criteria for continuous use: weight (WT), blood pressure (BP), and blood glucose
level (BST) entered at least once per week and used for at least 28 days; 10-year cardiovascular disease (CVD) risk and metabolic syndrome (META)
risk entered at least twice and used for at least 180 days. ID: identifier; PGHD: patient-generated health data.
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Data Analysis

Figure 2 shows the patient selection flow for the study. Among
atotal of 162,661 userswho downloaded and created an MCMH
account, we excluded 144,396 users who had never accessed
MCMH services. Therefore, we considered a total of 18,265
actual MCMH usersfor inclusion in the study. Wefirst excluded
14,337 userswithout PGHD records. The number of those with
PGHD records who used only the disease, insulin, medication,
and allergy functions was relatively small, with 116 users, so
we focused on 3812 users with records for BP, weight, blood
glucose, 10-year CVD risk, and metabolic syndrome.

We performed a comparative analysis of the continuous use of
PGHD services between AMC patients (n=3499) and genera
app users (n=313). To analyze the demographic and clinical
characteristics, we extracted related variables from the clinical
data warehouse only for patients. We then analyzed patients
characteristics according to their continuous use of health
management (BP, weight, and blood glucose) and risk
management (10-year CV D risk and metabolic syndrome risk)
functions.

We compared means and of frequencies with the Student t test
and chi-square test, respectively. If the observed value was less
than 5, we performed Fisher exact test. All reported P values
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were 2-sided, and P values less than .05 were considered
significant. Also, we performed a multiple logistic regression
analysis with adjusted age and sex. Data analyses were
conducted with the R software, version 3.3.1 (R Foundation).

Results

Overall Use Characteristics

Within 5 years of MCMH operation, a total of 18,265 users
downloaded the app and logged in more than once. Among
these users, 16,729, or 91.59% of thetotal, were AMC patients.
Patients had a statistically significant (1.8 times) longer use of
the system (average period of use: 251.86 vs 467.84 days) and
apattern of accessing the app morethan 6 times compared with
general users (average number of accesses: 8.26 vs 50.96).

Among all users, 21.50% (3928) had at least one PGHD record
(Table 1). In the PGHD, data input was significantly higher in
the group of general users: blood glucose (P=.003), weight
(P<.001), and alergy (P=.04). The average number of records
per user was also significantly higher in general users: 6.89 (SD
24.79) vs 4.41 (SD 31.46) (P=.009). The median values of 1
for all categories except insulin indicate that more than half of
the users made only 1 entry in each category. There was no
significant difference in the remaining PGHD items.
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Table 1. Numbers of users who entered patient-generated health data in the app by user type (hospital patients and general app users).

Variables Genera users (n=329) Patients (n=3599) Total (n=3928) Pvalue?
No. Median Mean (SD) No. Median Mean (SD) No. Median Mean (SD)

Blood pressure 143 1 913(27.31) 1482 1 5.87(4356) 1625 1 6.16 (42.39) .10

Weight 2715 1 144 (217) 3345 1 2.71(1589) 3620 1 2.61(15.29) <.001

Blood glucose level 154 1 20.39(45.03) 1220 1 945(51.92) 1374 1 10.70(51.31) .003

;c;(year cardiovascular disease 81 1 129(104) 683 1 130(L24) 764 1 1.29 (1.22) 49

ri

Metabolic syndrome risk 75 1 132(119) 610 1 126(L05) 685 1 1.27 (1.07) 36

Medication 4 1 225(79 208 1 250382 252 1 2.46 (3.66) .303

Disease 60 1 158(140) 115 1 145(0.85) 175 1 1.49 (1.07) 26

Insulin 16 1 15 (31.94) 56 2 6(10.11) 72 2 8.02(17.90) .15

Allergy 16 1 118(052) 45 1 1.88(252) 61 1 1.70 (2.20) 04
aStudent t test.

Figure 3. Analysis of the tendency of patient-generated health data (PGHD) to increase or decrease by year. The mobile patient health record log of
input by type of PGHD was analyzed by year. The solid line represents the actual number of records, and the dashed line represents the trend for the
record. BP: blood pressure; BST: blood glucose level; CVD: 10-year cardiovascular disease risk; META: metabolic disease risk; WT: weight.
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Patient-Generated Health Data Entry Distribution

The distribution of total PGHD items was divided into 2
patterns. increasing and decreasing (Figure 3). Items with an
increasing pattern were Health management menu items: weight,
HT, BR, blood glucose, 10-year CVD risk, and metabolic
syndrome risk. Items that showed a decreasing pattern were
diseases, insulin, medication, and allergy, belonging to the
Medication management and My Chart menus. Among the
increasing patterns, the weight value increased the fastest

(slope-685.8, R°=.857), fol lowed by BP (Sope=526.1, R?=.884),

and 10-year CVD risk (slope=47.2, R?=.552). In the decreasing
pattern, medication showed the steepest decrease (s ope=—104.6,

R’=.623).

We performed a periodic usage analysis of the 3 most recorded
PGHD items (BP, weight, and blood glucose) among the 9
PGHD items (Figure 4). To determine how long users took to
enter their PGHD, wefirst divided the usersinto 7 groups based
on the duration of use (Figure 4). According to the analysis,
approximately 70% of users generated PGHD only once; 11%
to 14% of them used MCMH for more than 4 weeks but less
than 1 year, and only 6% to 9% used it for more than 1 year and
less than 4 years. Only less than 1% of users used it for more
than 4 years. In the graph between the actua value of usage
duration and PGHD records (Figure 4), some users have PGHD
records for more than 5 years (over 1825 days), which is the
result of transferring users preexisting records before the
MCMH service started.

Comparison Between Patients and General Usersin
Continuous Use of Patient-Generated Health Data
Functions

To characterize continuous users of the PGHD functions, we
defined the criteriafor continuous use of health (at |east 28 days
for BR, weight, and blood glucose) and risk (at least 180 days
for 10-year CVD risk and metabolic syndrome risk)
management, and then analyzed the differences between AMC
patients and general app users. A total of 175 mPHR users
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continued to use the PGHD functions. General users were
significantly higher than patients in continuous use of PGHD
for blood glucose (P<.001) and BP (P=.03). For other PGHD
items, there was no dstatistically significant difference in
continuous use between the 2 user types (Table 2).

Characteristics of Patients Who Continuously Used
Patient-Generated Health Data Functions

To identify the characteristics of users who continuously used
PGHD functions, we conducted a comparative analysis of the
related data on demographics, diagnoses, and hospital visitsin
the health and risk management menus of MCMH (Table 3).
This analysis was limited to patients, for whom demographic,
diagnostic, and hospital visit records could beidentified. A total
of 142 patients used PGHD continuously. The continuous use
of PGHD services in the health management sector was
statistically significant for older individuals and men (both
P<.001). For continuous use of PGHD services, there was no
statistically significant difference in overall chronic disease
(P=.08), but diabetes (P<.001) and cerebrovascular diseases
(P=.03) differed significantly. These characteristics were also
significant in age- and sex-adjusted multivariate regression
analyses (diabetes. P<.001; cerebrovascular disease: P=.03). In
those with diabetes, continuous users were younger than
noncontinuous users (average age 42.75 vs 49.50 years, P=.04).
Thisisyoung relative to the average age of continuous users of
the entire PGHD group (average age 42.75 vs 51.81 years,
respectively). In those with cerebrovascul ar disease, continuous
users were older than noncontinuous users, which was not
statically significant (average age 61 vs 48.2 years, P=.33). In
each disease group, therewas no significant difference between
the 2 groups (continuous vs noncontinuous) in sex, distance
from the hospital, and type of visit.

Hospital visit experience was not statistically related to
continuous use; al continuous users made emergency room and
outpatient visits. In risk management, there were no significant
differences between continuous and noncontinuous users.
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Figure4. Analysisof patient-generated health data (PGHD) by duration of app use. Left: Duration of use divided into 7 categories, from once to more
than 4 years of use. Right: Actual duration of use (x-axis) and number of PGHD records generated by each user (y-axis); 1 point represents 1 user. BP:

blood pressure; BST: blood glucose level; WT: weight.
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Table 2. Comparison between general app users and Asan Medical Center patients for continuous use of patient-generated health data functions.

Categories/Variables/Continuous use Users, n (%) P value?
General users (n=313) Patients (n=3499) Total (n=3812)
Health management
Blood pressure (n=1621) .03
No 130 (8.30) 1437 (91.70) 1567
Yes 9(16.67) 45 (83.33) 54
Weight (n=3620) 70
No 275 (7.64) 3323 (92.36) 3598
Yes 0(0.0) 22 (100.00) 22
Blood glucose level (n=1371) <.001
No 128 (9.98) 1154 (90.02) 1282
Yes 23(25.84) 66 (74.16) 89
Risk management
10-year cardiovascular diseaserisk (n=764) .97
No 76 (10.61) 640 (89.39) 716
Yes 5(10.42) 43 (89.58) 48
Metabolic syndromerisk (n=685) 72
No 71 (11.06) 571 (88.94) 642
Yes 4(9.30) 39(90.70) 43
8Chi-square test.
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Table 3. Characteristics of patients who used patient-generated health data functions in health and risk management continuously (“Yes") versus those

who did not (“No”).

Variables/Categories Health management?® (n=3472) Risk managementb (n=754)
Yes(n=94)  No(n=3378) Pvaue® Pvaue® Yes(n=500 No(n=704) Pvdue® P value®
Age (years), mean (SD) 51.81(12.07) 43.79(15.37) <.001 N/A® 46.98 (11.67) 47.92(11.24) .58 N/A
Sex, n (%) <.001 N/A 75 N/A
Male 76 (81) 2101 (62.20) 35 (70) 470 (66.8)
Female 18 (19) 1277 (37.80) 15 (30) 234 (33.2)
Distance to the hospital, n (%) 41 N/A .26 N/A
Short 35(37) 1103 (32.65) 12 (24) 231 (32.8)
Long 59 (63) 2275 (67.34) 38 (76) 473 (67.2)
Disease classification’, n (%)
Cancer (C00-C97) 11 (12) 606 (17.94) .14 .08 8(16) 99 (14.1) 87 63
Diabetes (E10-E14) 12 (13) 122 (3.61) <.001 <.001 2(4) 29 (4.1) >.99 96
Cardiovascular disease (120~ 4 (4) 90 (2.66) 33 55 2(4) 19(2.7) 64 57
151)
Cerebrovascular discase 4 (4) 38(1.12) .03 .03 0(0) 14 (2.0) 62 98
(160-169)
Chronic lower respiratory 1 (1) 15 (0.44) .36 .35 0(0) 2(0.3) >.99 .98
disease (J40-347)
Liver disease (K70-K76) 14 (15) 299 (8.85) .08 42 4(8) 72(10.2) 79 59
Chronic disease 39 (42) 1070 (31.68) .08 27 15 (30) 218 (31.0) >.99 92
Type of hospital visit, n (%)
Emergency room 59 (62) 1811(53.36) .15 N/A 30 (59) 371 (52.1) 43 N/A
Outpatient department 94 (98) 3,334(98.70) .68 N/A 49 (96) 699 (98.2) 264 N/A
Hospitalization 76 (79) 2,689 (79.60) >.99 N/A 42 (82) 544 (76.4) 423 N/A

3Blood pressure, weight, and blood glucose.

BMetabolic syndrome and 10-year risk of cardiovascular disease.

% test (for continuous), chi-soquare test, or Fisher exact (for categorical) test.
dMulti ple logistic regression test adjusted for age and sex.

EN/A: not applicable.

fK orea Center for Disease Control and Prevention classifications.

Discussion

Principal Findings

The mPHR used in this study was a feasible platform for
managing PGHD, for the following reasons. First, it was
available not only to patients but also to general users; it was
used as a platform to store and refer to general users' health
information. Although the number of users was small, the fact
that there were long-term users entering their health information
means that this app was used as a suitable tool for storing and
referring to health information. Second, there were enough
long-term usersto show significant differencesin usage patterns.
Third, the upgraded version, which reflects usage patterns and
user needs, of the existing mPHR is expected to improve user
satisfaction and to contribute additional datafor further research.

This study is unique compared with previous studies based on
the following characteristics. First, we used actual usage data

http:/mhealth jmir.org/2018/4/e89/

to investigate long-term use. Meanwhile, research on telecare
for chronic disease management lacks enough studies for a
sufficient period of time. Second, our analysis was based on
users rather than just on patients of AMC. We also compared
usage by those who had been in hospital (patients) and those
who had not (general users). Third, the mPHR we examined is
thefirst oneto provide patient information to patientsin Korea,
and our study included analysis and consideration of the
modifiable factors for long-term use promotion.

Overall Usage Pattern and User Characteristics

Most of the mPHR userswere patients (91.59%), and we found
them to have significantly longer and more frequent use.
However, general users used more of the overall PGHD
functions (P=.009). There was a significant differencein blood
glucose (P<.001). General users submitted moreBPandinsulin
records, although the differences were not significant. MCMH
is not a type of mPHR that mainly aims at chronic disease
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management; it is acomprehensive platform that includes such
services as providing patient information and setting
appointments. Therefore, the more frequent use by patients is
attributed to the greater number of services available through
the mPHR relevant to them than to general users. Nonetheless,
general users used it more actively for storing and referring to
health information. This result confirms the potency for
managing patient health information through an mPHR.

Patient-Generated Health Data Entry Distribution

According to a2011 survey by the Consumer Health Information
Corporation, 26% of health apps were abandoned after one use,
whereas 79% were used up to 10 times before being abandoned
[25]. Approximately 70% of the users of the mPHR entered
PGHD only once, but this should be considered in the context
that PGHD is one of the functions of the mPHR. In addition,
about 10% of PGHD users (weight: 9.45%; blood glucose:
7.49%; BP: 6.91%) entered health records for morethan 1 year.
Thus, the PGHD functions have the potential for long-term
health monitoring.

Thetotal use of weight, BR, blood glucose, CV D, and metabolic
syndrome menustended to increase, whereas the use of diseases,
insulin, medication, and allergy menus tended to decline. The
datato beinput into the diseases, insulin, medication, and alergy
menus (eg, entering the whol e name and dose of the medication
and selecting the insulin injection site) are more complicated
than in other functions. On the other hand, BP, weight, and
blood glucose menus required users to input only a few
numerical values, and CVD and metabolic syndrome required
users to check severa boxes for risk evaluation. The user
interface problem at the time of datainput can be considered to
have caused these differences. In addition, while biosignals such
asweight, BR, and blood glucose were entered for the purpose
of managing health data by the users themselves, the functions
that are out of the scope of the users’ management might provide
less motivation for continuous use, without rewards such asthe
feedback of clinicians. Also, theincreasein the use of biosignal
input functions suggests that automatic input of data through
wearabl e devices, body scales, or blood glucose meters may be
helpful for encouraging continuous use. Linking PHR data
would reduce the inconvenience to users of inputting data for
diseases, insulin, medication, and allergy.

Comparison Between Patientsand General Users

General users' tendency to use the blood glucose and insulin
functions longer showed the need for areliable app service for
diabetes management. The mPHR was developed for general
care, not only for chronic disease management. Therefore,
services for patients with chronic diseases were limited.
However, despite the small proportion, there were long-term
usersfor chronic diseases management, especially for diabetes.

One of the main reasons for the abandonment of health appsis
the mistrust of app developers [17]. Although many studies
have indicated the effectiveness of diabetes management through
patient health platforms, the use of mobile apps for diabetes
management was not universal in Korea at the time of the
MCMH mPHR launch. Recently, PHRs focused on chronic
diseases have emerged [26]. Therefore, users looking for a
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reliable app for diabetes management, even though they were
not patients of AMC, used the MCMH mPHR.

Patients User Characteristics

Significantly, male users, elderly users (mean age 51.81 vs43.81
years), and users with adiagnosis of diabetes tended to use the
health management functions continuously. In the case of
cancer, which accounted for more than half of all chronic
diseases, the incidence in Korea increased by age beginning
with usersin their 80s, and theincidence among men was higher
than that among women (445.2/100,000 vs 397.6/100,000 [27]).
In addition, according to a 2015 report in Korea, the average
age at first diagnosis of diabetes mellitus was 57.11 (SD 13.9)
yearsfor men and 60.57 (SD 14.9) yearsfor women. According
to a survey in 2016, in South Korea, the percentage of males
who own a smartphone is higher than that of females, and the
percentage decreases after the age of 30 years[28]. Nonethel ess,
the high proportion of long-term use of PGHD services by
elderly patientsreflects the age characteristics of patientsliving
with chronic diseases. However, in a subanalysis of users with
a diagnosis of diabetes, the younger users (average ag: 42.75
vs49.50 years) tended to use PGHD services continuously, and
there was no significant difference in the sex of users. Hence,
the number of continuous userswith diabeteswas small (n=12),
and more in-depth research such as user surveys or interviews
isrequired to understand the detailed usage patterns.

Limitations of This Research

The main limitation of this study was the lack of a clinical
practice application of the PGHD collected in the mPHR; the
PGHD in MCMH version 1.0 were used for simple reference
without any feedback from a health provider. This aspect is
improved in MCMH 2.0, and the PGHD in the mPHR are used
clinically in centers for diabetes, cancer, inflammatory bowel
diseases, and pediatric and atopic asthma.

Another limitation was the definition of continuous use of
PGHD services. In this study, we defined our own criteria
through discussions among the researchers. Various criteria
may be applied when considering the nature of patients' diseases
and hospital visit intervals. The low percentage of those who
used the service continuously was also a major drawback of
thisanalysis.

Ease of data entry can also affect PGHD service usage. Since
wearable deviceswere not connected to our mPHR, we expected
that data input convenience would be poor. Therefore, if
wearable devices could be linked to the mPHR, the low
compliance may be improved. However, appropriate devices
and scenarios need to be considered to collect PGHD effectively.
Previously, encouraging results have been reported in cancer
and diabetes management. A recent study focused on short-term
patient management through wearable devices [29]. Further
research on collecting PGHD through wearable devices and
long-term mPHR operation in clinical applications should be
conducted. In this study, we found a relatively small humber
of users who continuously used the mPHR’s PGHD functions.
There are many possible causes for this (eg, user interface
inconvenience, low motivation, input error), but further research
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such as conducting questionnaire surveysis also necessary for  Studies examining the factors promoting the continuous use of
clearer understanding. PGHD functionsin mPHRs and the consensus of the continuous
. use of various PGHD types are needed. Further evaluation for
Conclusion the clinical application of PGHD, feedback regarding user

Although a small proportion of users managed their PGHD  jnterfaces, and connections with wearable devices are needed
input continuously through the mPHR, we found the mMPHRto  aswell.

beatool for integrating PGHD and patient medical information.
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Abstract

Background: Pain in adolescents with cancer is common and negatively impacts health-related quality of life. The Pain Squad+
smartphone app, capable of providing adolescents with real-time pain management support, was developed to enhance pain
management using a phased approach (ie, systematic review, consensus conference and vetting, iterative usability testing cycles).
A 28-day Pain Squad+ pilot was conducted with 40 adol escents with cancer to evaluate the feasibility of implementing the app
inafuture clinical trial and to obtain estimates of treatment effect.

Objective: The objective of our nested qualitative study wasto elucidate the perceptions of adolescents with cancer to determine
the acceptability and perceived helpfulness of Pain Squad+, suggestions for app improvement, and satisfaction with the pilot
study protocol.

Methods: Post pilot study participation, telephone-based, semistructured, and audio-recorded exit interviews were conducted
with 20 adolescentswith cancer (12-18 years). All interviewswere transcribed and independently coded by 2 study team members.
Content analysis was conducted to identify data categories and overarching themes.

Results. Five major themes comprising multiple categories and codes emerged. These themes focused on the acceptability of
the intervention, acceptability of the study, the perceived active ingredients of the intervention, the suitability of the intervention
to adolescents' lives, and recommendations for intervention improvement.
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Conclusions: Overall, Pain Squad+ and the pilot study protocol were acceptable to adolescents with cancer. Suggestions for
intervention and study improvements will be incorporated into the design of a future randomized clinical trial (RCT) aimed at
assessing the effectiveness of Pain Squad+ on adolescents with cancer health outcomes.

(JMIR Mhealth Uhealth 2018;6(4):€80) doi:10.2196/mheslth.9319

KEYWORDS
pain; adolescent; cancer; supportive care; mHealth; qualitative

Introduction

Background

Up to 96% of adolescents with cancer experience pain related
to the disease or associated invasive procedures and treatment
[1]. Pain negatively impacts adolescent health-related quality
of life (HRQoL) [2], impedes cancer recovery [3], interferes
with activities of daily living [4], and results in long-term
morbidity [5,6]. Pain may aso represent a significant cost
burden to the hedlth care system and families [7], with pain
being the most common reason for adults with cancer to utilize
emergency health services[8-11]. Treatment advancementsand
health care system transformations have resulted in adol escents
with cancer receiving much of their care on an outpatient basis
[12]. This change may mean that a significant proportion of
adolescent cancer symptoms (including pain) are experienced
in an environment where management options may be
suboptimally applied (eg, at home). In addition, adolescents
with cancer have emerged as a childhood cancer subgroup with
unique developmental characteristics and a unique cancer
epidemiology [13-15]. These characteristics suggest that the
cancer pain experience and appropriate management techniques
may be different for adol escents when compared with younger
children and adults [15-17].

In response to these issues, our team has developed a
smartphone-based app, called Pain Squad+, that is capable of
providing adol escents with real -time pain management support
(Multimedia Appendix 1) [18,19]. The app integrates automated
valid and reliable pain assessments [1] and personalized pain
self-management advice with centralized decision support via
a pediatric oncology-trained registered nurse to enable
adolescents to better manage their painin real time, regardless
of their location (eg, hospital, home, school).

The development of Pain Squad+ has followed the phased
approach to designing and evaluating complex interventions
outlined by the UK Medical Research Council (MRC) [20]. In
particular, we established apain management evidence base for
theintervention using asystematic review and expert consensus
conference[21,22]. We then devel oped aPain Squad+ software
prototype and adapted the software to the needs of adolescents
with cancer using iterative cycles of usability testing [18]. Next,
the feasibility of implementing Pain Squad+ for a future
randomized controlled trial (RCT) and preliminary intervention
effect estimates were determined using a multicenter pre-post
test pilot study [19]. The pilot study demonstrated a 77% (40/52)
accrual rate, a5% (2/40) withdrawal rate, technical issuesto be
experienced by 15% (6/40) of participants, 69 + 38% adherence
to pain reporting, and that Pain Squad+ was highly acceptable
to adolescents with cancer, based on the quantitative

http:/mhealthjmir.org/2018/4/e80/

Acceptability E-Scale (AES) [23]. Small to moderate effect
sizes showed the potential impact of Pain Squad+ on key clinical
outcomes, including pain intensityy, HRQoL, and pain
interference.

Objective

The pilot study used a nested design with a qualitative exit
interview conducted with adolescent participants once they
completed or withdrew from the study [24]. The nesting of these
qualitative interviews within the pilot was informed by the UK
MRC framework and was intended as an in-depth process
eval uation assessing our capacity to implement theintervention
and clarifying mechanisms by which theintervention may work
[20]. Our specific study aim was to elucidate the perceptions
of adolescents with cancer who participated in these exit
interviews as they related to Pain Squad+ acceptability,
perceived hel pfulness of Pain Squad+, and suggestions for app
improvement, as well as satisfaction with the pilot study
protocol. The ultimate goal of this research was to use these
perceptionsto inform changesto the Pain Squad+ app and study
protocol before conducting an adequately powered RCT.

Methods

Reporting in this paper isin accordance with the Consolidated
Criteriafor Reporting Qualitative Research (COREQ) tool [25]
(Multimedia Appendix 2).

Study Design

Guided by phenomenological inquiry [26], this semistructured
interview-based qualitative study was nested within a pilot
study. The pilot used a one-group pre-post study design
examining thefeasibility and preliminarily effectiveness of Pain
Squad+ (Clinical Trials.gov NCT02901834). The methods and
results of the pilot study have been previously published [19].

Setting and Participants

Forty participants were recruited for the pilot from two
hematol ogy/oncology divisions at Canadian pediatric tertiary
care centers. Adolescents who met the following inclusion
criteria were eligible: 12-18 years old, English-speaking and
reading, undergoing cancer treatment, at least 2 months from
diagnosis, and having self-reported pain of >3/10 at least once
in the week before recruitment. Exclusion criteria were as
follows: major comorbid conditions or receiving end-of-life
care. Adolescentswere primarily being treated on an outpatient
basis, although some participants were hospitalized for periods
during the study for disease, treatment, or complication-related
reasons. We did not record the amount of hospitalized time.
Enrollment in the pilot study was the only €ligibility criterion
for participation in qualitative interviews. To include the
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perspectives of adolescents who could have potentially varied
interms of their satisfaction with and commitment to the study,
adolescents who withdrew from the pilot were eligible for
participation in this study. A purposive maximum variation
sampling strategy was used to recruit adolescents for the
interviews. Specifically, adolescents who varied in terms of
age, sex, diagnosis, and pilot-related outcomes (ie, quantitatively
rated app acceptability, adherence, and pre- to poststudy change
scores on health-rel ated study outcome measures) were selected
to participate. The number of adolescents interviewed was
determined by the number of interviews needed to reach data
saturation [27].

Intervention

The Pain Squad+ app is an mHedth technology aimed at
supporting the management of pain by adolescents with cancer
and clinicians. The study team loaned adol escents participating
in the pilot an Apple iPhone 6 loaded with the app. Using the
app, adolescents completed a 22-item valid and reliable pain
assessment [1] twice daily in the morning and evening for 28
days at times they specified. Three audible notifications
occurring within a 30-min window signaled adolescents to
complete each assessment and if a pain assessment was not
completed within this time frame, it was considered missed.
Adolescents were aso able to complete an 8-item short-form
pain assessment anytime between the morning and evening
reports if pain was experienced. |f an adolescent reported pain
on any assessment, they recelved red-time pan
self-management advice from the app according to an
evidence-based investigator-devel oped agorithm.
Recommendations could be pharmacological (eg, remindersto
adhereto prescribed medications), psychological (eg, distraction
techniques), or physical (eg, yogainstruction). In al cases, if
pain advice was given, adolescents received a notification to
complete another pain assessment in 1 hour and were provided
with additional advice as appropriate. In addition to
self-management advice from the app, email aerts related to
clinically significant pain [28] (ie, 3 consecutive pain reports
of =3/10) were sent to a study pediatric oncology-trained
registered nurse. The nurse then contacted the adolescent and
their medical team to discuss the case and initiate
provider-driven intervention such as medication changes. To
encourage adherence to pain assessment reporting and to using
management advice, the Pain Squad+ app was gamified with
adolescents playing the role of law-enforcement officers who
receiving rewards for engagement with the app.

Procedure

Ethics approval was obtained from the Research Ethics Boards
at both study sites. Consent was obtained from interested and
eligible adolescents. Parental consent for research involvement
is not required in our jurisdiction. At enrollment, adolescents
completed questionnaires on demographic information and
comfort with smartphone devices. Disease-related data were
collected from the adol escent’s heal th record. Adolescents also
completed prestudy measures for the following preliminary
effectiveness outcomes: (1) pain intensity (2) HRQoL, (3) pain
interference, and (4) and pain management self-efficacy. Pain
intensity was assessed using the Brief Pain Inventory, which
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assesses current pain and worst, least, and average pain in the
preceding week on a 0 to 10 numerical rating scale [29,30].
Health-related quality of life was assessed using the Pediatric
Quality of Life Inventory (PedsQL) 4.0, which is a valid and
reliable 23-item instrument assessing general physical,
emotional, social, and school function [31]. Higher scores
represent better HRQoL . Pain interference was assessed using
the Patient-Reported Outcomes Measurement Information
System Pediatric Pain I nterference Short-Form scale (PROMIS
PPI-SF), which is avalid 8-item scale assessing the impact of
pain on function. Participants scores are standardized and
interpreted such that 60 represents high pain interference, 70
represents very high pain interference, 40 represents low pain
interference, and 30 representsvery low paininterference[4,32].
Pain management self-efficacy was assessed using an
investigator-developed question as there were no appropriate
psychometrically sound scales to assess this construct at the
time of the study.

Adolescents were then asked to use the Pain Squad+ app for
the 28-day period. Adherence to Pain Squad+ was defined as
100% when 56 reports (2 reports per day for 28 days) were
completed. On day 29, each adolescent who did not formally
withdraw parti cipation was asked to compl ete poststudy outcome
measures and the AES. The AES collected data on the degree
to which Pain Squad+ was satisfactory to participants in terms
of how difficult, helpful, enjoyable, and understandable it was
to use, and how tolerable the amount of time required to
complete it was. The possible total score range for the AES is
6 to 30, and greater scores indicate higher acceptahility.

A semistructured, telephone-based, and audio-recorded interview
was conducted with a sample of pilot study adolescents. These
adolescents had completed the pilot between 1 day to 2 weeks
before the interview. Thistime frame was sel ected to hel p ensure
that adolescents could accurately recall the use of the app and
participation in the study, while also being flexible to
adolescents' individual schedules. Aninterview guide based on
a version that was previously and successfully used with
adolescents with cancer [33] guided interviews, and field notes
were taken. All interviews were conducted by one investigator
(LJ) who is a pediatric oncology nurse and was familiar with
many of the interviewed adolescents before the study. The
interviewer was not blinded to participant characteristicsor Pain
Squad+ outcomes but used a bracketing procedure during
interviews and analyses to minimize the impact of subjectivity
on findings [34]. No other individuals besides the interviewer
and adolescent were present for interviews. Interview topics
included app acceptability, app ease of use and understanding,
recommendations for app changes, the perceived clinical value
of the app, and the acceptability of study involvement. All
interviews were audio-recorded.

Data Analysis

A trained transcriptionist transcribed interview audio-recordings
verbatim. Data analyses began once the first interview was
transcribed, alowing issues identified in early interviews to
inform later interviews using constant comparative analyses
[35]. The transcribed data were managed using NVivo 10.0
software (QRS International, Australia). Field notes were also
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included in the analysis. All data were read several times by 2
authors (LJ and VH) to obtain an overall understanding and
identify data codes. The authors then independently coded the
datausing aline-by-line technique based on the study aobjectives.
Using content analysis, codes were grouped into categories
based on between-code rel ationships. Categorieswere generated
until al data were classified under the existing categories
[26,36,37]. Categories were then grouped into themes.
Quantitative data were integrated into the analysis process to
illustrate or clarify qualitative results using a mixed methods
matrix approach [38]. It was intended that discrepancies in
opinion regarding categories and themes would be resolved
using group discussion with a third party; however, no
discrepancies occurred. An audit trail consisting of analytical
decisions was kept as a means to enhance validity [34].

Results

Participants and I nterview Process

All 20 adolescents who were approached to participate in
poststudy interviews agreed to do so. Nineteen out of 20 (95%)
of these interviewed adol escents had completed the entire pilot
study, and 1 out of 20 adolescents (5%) withdrew from
participation after completing 5 days of the intervention dueto
worry about damaging the loaned phone. Multimedia A ppendix
3 presents adolescent characteristics, Pain Squad+ adherence,
AES scores, and health outcome change scores (from pre- to
poststudy). Interview length ranged from 7 to 20 min, and no
adolescents had any issues recalling the use of the app or study
participation. Interview data were categorized into 5 main
themes: acceptability of the intervention, potential active
ingredients of the intervention, suitability of the intervention,
recommendations for improvement, and acceptability of the
study. Each theme comprised severa categories and codes as
shownin Table 1.

Acceptability of the Intervention

General Impressions

All adolescents enjoyed using Pain Squad+. Adolescents stated
the app was“fun” (female, 12 years), “redly neat” (female, 15
years), and engaging.

One of the adol escents stated:

It's really appealing to the eye. The color, the theme
is good. The font. And it's not really that hard to
understand. Thevocabulary isreally straightforward
and all of the things on it, like you know, the
multiple-choice questions and the [visual analogue
scale] diders are really easy to use. And for cons?
Don't really think | can really think of any. [Male, 16
years]

Usability
Every adolescent endorsed the ease of use of Pain Squad+:
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It was really easy. It was very straightforward. It
wasn't really complicated. It was just like simplified
so it was easy to use for little kids. [Male, 16 years]

One adolescent specifically reported that because of her
familiarity with smartphone apps, use of Pain Squad+ was not
problematic:

I’m used to that stuff so it made it easy. [Female, 16
years]
Thirteen participants discussed ease of understanding related
to the pain assessment questions and pain management advice.
For instance, one adol escent stated:

It wasreally straightforward. | think all the questions
were worded well so you could like understand what
they were getting at. [Female, 16 years)

Two participants endorsed the app as efficient to compl ete:

It was good becauseit wasreally fast and easy. [Male,
14 years]

Specifically Endorsed App Elements

Specific elements of Pain Squad+ that werewell-liked or hel pful
to adolescents were the pain management advice, the design
and gamification mechanics (endorsed by all participants), and
the ability to use the app in real time and in any environment,
especidly when a home. Spesking about the pain
self-management advice, one participant stated:

| thought the pain help ideas were really awesome.
When they suggested like different things that you
could do? Those were really helpful. And they had
some [ pieces of pain management advice] wherethey
would suggest like relaxation and breathing, and how
do | do that. And then you click on it and there is
someone talking to you, walking you through it. Like
how to relax. So that’s helpful because someone can
tell you to relax, but you can just be sitting there like,
“1 don't know how” [Female, 16 years)

Referring to the ability of the app to provide pain management
advice at any time and in any environment, adolescents said:

| think overall it was good. Probably one of my
favorite parts of it was that you could do the 8
guestionsin the middl e (short-form pain assessment).
That helpsa lot. [Female, 12 years]

There was stuff you could try at home and like do
yourself. So | liked that. [Female, 15 years]

Challenges

Sixteen adol escents discussed challenges they experienced with
the app. Twelve participants stated that the 22-item morning
and evening pain assessments included too many questions

It was okay and too much. Because sometimes people
don’'t want to like keep...um...doing the same thing
over again...22 questionsevery time. [Male, 16 years]
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Table 1. Post-pilot study interview themes, categories, and codes.
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Theme and category

Codes

Acceptability of theintervention

Genera impressions

Usability

Specifically endorsed app elements

Challenges

Potential active ingredients of the intervention

Self-management support

Study nurse support

Suitability of theintervention

Impact on daily activities

Recommended usage

Recommended improvements

Acceptability of the study

General impressions and specific likes

Motivation for participation

Challenge

«  Enjoyed use

« Easytouse
«  Easy tounderstand
e Quick to complete

«  Pain management advice
«  Design and gamification mechanics
«  Rea-time any-environment reporting

o  Number of assessment questions
« Notifications
«  Other technical problems

«  Engagement in self-management
e  Self-monitoring of pain
«  Patient-provider communication

o Vaueof nurse
«  Timing of nurse support

. Perceived burden

«  Appropriateness wheniill
«  Appropriateness when symptom-free
«  Recommended usage

Additional self-management advice
Additional gamified mechanics
Tutorials on use

Audio-visua assets

Review data

«  Genera impression
o  Specificlikes

o Altruism
« Novel experience
«  Gamification

e  Study phone

Nine adol escents described challenges rel ated to the frequency
of pain assessment notifications. The notification issue appeared
to berelated to atechnical problem with the app software server,
where repeated notifications to complete the same pain
assessment questionnaire were sent to some study phones, which
was “annoying” (Female, 17 years) for adolescents:

Even if | did do my case (pain assessment), it would
still just keep on giving natifications. And | know that
after you say, “yes’ to the case, (the app will)
follow-up (on the severity of pain one hour later). But
even if | would do the follow-ups, it would just keep

http:/mhealthjmir.org/2018/4/e80/

on giving more and more (notifications). [Female, 15
years]
Technical problems were the final app-related challenge cited.
One adolescent described anissuelikely related to the app being
unable to connect to the internet:

Sometimes it was hard for me to do it. Like 2 or 3
times | couldn’t (use the app), because like as soon
as| clicked onthe app, the screen would just go white.
[Male, 14 years]

Two adolescents reported an issue related to not receiving
scheduled reminders to complete pain assessments:
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| think it was a problem with my version [ of the app]
but | wasn't getting any reminders (to complete pain
assessments)...So | set up just a regular alarmon the
clock the phone hasitself. [Male, 17 years)

Potential Active I ngredients of the I ntervention

Sdf-Management Support

All participants reported that the ability of Pain Squad+ to
support pain self-management was of therapeutic benefit. For
example, one participant stated:

Yeah because being like an out-patient, you're not at
the hospital all the time. And you don’t want to call
the doctor every time you have something as simple
as a stomach ache when you know you got tips from
the app to help. [Female, 14 years]

The ability for adolescents to self-monitor their pain through
routine assessments was aso considered a valuable
self-management feature of the app:

Yeah especially because it really helps me to track

my pain and remember everything. [Male, 14 years)
Improved awareness of pain was also a perceived benefit of the
app:

Some of the questions were thingsthat | didn't really
consider when | wasthinking about my pain. So (Pain
Sguad+) hel ped with (recognizing how pain) affected
me and all that. [Female, 16 years]
Pain Squad+ helped to facilitate adolescents communication
about pain and pain treatments with their medical team.
Highlighting this finding, one adolescent said:

I think when | had a problem at home, like
experiencing somekind of pain, after inputting it into
the app and coming back to the hospital, talking to
my doctor was easier. [Male, 17 years]

Study Nurse Support

Ten participants discussed interaction with the Pain Squad+
study nurse as being of therapeutic benefit. Most adol escents
appreciated knowing that the nurse was a component of the
intervention even if they did not require pain management
support from the nurse during the study. In particular, these
adolescents viewed nurse involvement in Pain Squad+ as an
extra layer of pain treatment support in the event that
self-management strategies were ineffective:

| liked that when you answer questions if you go
higher (in painintensity rating), a nurseactually calls
you and like asks about your pain. It'sactually a good
thing because like if you actually have pain and you
don’'t know what to do, she can help you. [Male, 15
years]
Three adolescents, however, reported not believing the nurse
was essential to the Pain Squad+ intervention and that the
recommended self-management strategies were sufficient to
support pain treatment:

| had it pretty controlled on my own. [Female, 16
years]
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One adol escent commented that he experienced some difficulty
in connecting with the nurse when she attempted to contact him:

The part where you get the advice fromthe nurse was
good but then sometimes | would just miss her if |
was out or my phone was on silent. So, it might be
better if sheleft you a (text) message so that you could
check what shewastelling you to do. [Male, 14 years]

Suitability of the Intervention

Impact on Daily Activities

Seven partici pants commented that use of the app fitswell with
their usual daily activities, for example:

Ohit was good, it was good. It didn’t really take that
much time and effort. [Female, 17 years]

Recommended Usage

Nine participants stated that completing morning and evening
pain assessments when not experiencing pain was not
appropriate. In particular, one adolescent said:

Yeah, | didn’t really have pain all of the time. So, |

think [the number of notifications] just wasn’t for me,

but I'm sure for someone who's going through the

painit’'s going to bereally helpful. [Male, 16 years]
When asked about his lack of interaction with Pain Squad+,
another adolescent said:

Likeit got alittletiring sometimes. Because especially
there are days | didn’t feel any problems, like have
any problems, and | fdlt lessinclined to actually finish
the surveys. [Male, 17 years]

Recommendations for I mprovement

Six adol escents suggested that the app include additional pieces
of self-management advice. For example:

| think if there were more ways to help you manage
your pain added on, then it would be more helpful.
[Male, 14 years]

These adolescents did not, however, have specific
recommendations regarding which pieces of management advice
should be added. Four participants recommended enhancements
to the gamification mechanics of the app. One adol escent stated:

Um, maybe like something a little more than just like
how you “ level up” (by completing pain assessments
and management advice). Just...moreto do with that.
Alittle moreinteractive kind of thing...like even more,
fun. [Female, 14 years]

Three participants recommended adding tutorial sto Pain Squad+
on how to use the app. Another two adolescents recommended
converting text-based content into an audio- or video-recorded
format. For example:

Umml think probably like uh a few videosfrom actual
professionals, healthcare professionals, like doctors.
Or like maybe like, err therapists, like massage
therapists. If there was like maybe, for example like
a massage therapist showing someone how to relieve
painin a certain area. [Male, 14 years|
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Finally, three adolescents suggested incorporating a capacity
to visually review previously logged pain reports in order to
track pain treatment progress.

Acceptability of the Study

General Impressions and Specific Likes

Overall, adolescents enjoyed participating in the pilot, stating
that the study was “really good” (Male, 15 years) and they
“didn't mind” (Female, 14 years) participating. Specifically,
adolescents endorsed the ease of study participation and the
ability to use the intervention for atime:

And | don’t know, | really liked...I just liked the app.
| liked being ableto record my pain, like without just
writing it down in like a journal or something you
know? | really liked how they gave me suggestions
for like what | could do. | just liked it all, overall.
[Female, 16 years)

Two adolescents specifically cited completion of the outcome
measures asawell-liked study component, with one participant
stating:

| liked the questionnaires at the beginning and the
end. Just to like compare sort of how you're doing
before and after. [Female, 15 years]

Motivation for Participation

Two participants discussed the chance to potentially help other
adol escentswith cancer astheir rationale for study involvement.
For example:

| just liked, you know, contributing to the devel opment
of this app. It will be a huge help to other little kids
going through cancer. [Female, 16 years)

Another adolescent mentioned the novel experience of being a
research participant as her motivation for participation. Finally,
6 participants stated that they were motivated to continue
participation because of the gamification mechanics, for
instance:

Yeah but it was pretty cool. It made you sort of want
todoit more. “ Okay I’ ve got to do this because | want
to get the next level” [Female, 16 years]

Challenge

The use of the study phone loaned to participants was a
challenge for 5 adolescents. These participants already owned
a smartphone and considered care and use of a second phone
to be a burden:

Half thetime, | wouldn’t even hear it becauseit would
bein a different room or something and | just totally
forget about it. If (Pain Squad+) was on my actual
cell phone | probably would have done it more. But
it wasn't on my actual phone that | have on me all
the time. [Female, 14 years]

http:/mhealthjmir.org/2018/4/e80/
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Discussion

Principal Findings

Pain is a problematic issue for adolescents with cancer [1,2]
that may be mitigated with the rapid self-management support
made possible by mHealth interventions[19]. Adolescentswith
cancer who participated in a pilot of the Pain Squad+
smartphone-based real -time pain self-management app reported
that they generaly liked the app and considered it helpful. In
particular, adolescents reported that the app was easy to use and
understand, supported the self-care of pain, and simplified
patient-provider communication. The suitability of the app to
adolescents' lives and the acceptability of participating in the
pilot were also shown. Finally, challenges related to app use
and pilot participation that will inform intervention and study
protocol changes were described.

Adolescentswith cancer considered theintervention satisfactory,
despite variations in age, sex, diagnosis, level of interaction
with the app, and change scores on study outcome measures.
As indicated by high levels of engagement with the app [19],
adolescents liked the capacity of the app to support pain
treatment via the advice provided (especially when they were
outside the hospital), pain self-monitoring, and facilitation of
communication with health care providers. These findings
suggest that mHealth-based self-management of cancer
symptomsin real time is amenable to young patients, echoing
results from other mHealth-based disease self-management
research conducted with youth [39-43]. Additiondly, in
accordance with previous research [33,44], al interviewed
adolescents found the design and gamification mechanics
attractive and acceptable. Gamification mechanics are a
relatively novel addition to mHealth interventions, and thereis
till limited literature on benefitswith respect to patient behavior
change. However, the role these mechanics may play in
incentivizing self-management behaviorsin chronic conditions
[45-47], combined with their acceptability to patients, makes
the evaluation of their application to mHealth interventions an
areafor future exploration.

Challenges adol escents experienced with Pain Squad+ suggested
that real-time symptom assessments questionnaires should be
brief and notifications directing patients to interact with apps
should be minimized. These findings are in contrast with
previous studies conducted by our group that showed
adolescents to report high acceptability with a 22-item pain
guestionnaire and the same notification schedule employed
presently [1,33]. However, adolescents in the previous studies
completed pain assessments only twice-daily for 14 daysrather
than for 28 days. Acceptability may have been adversely
impacted by the increased length of pain reporting used in this
study, as well as the technical issues we experienced related to
the server sending some adolescents numerous notifications.
Additionally, a number of adolescents suggested that it would
be preferable to interact with the app only when symptomatic
and that the scheduled morning and evening pain reports were
not necessary. Creating an optimal bal ance between improving
user engagement with symptom reporting and limiting alert
fatigue [48] should be considered in developing real-time
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mHealth interventions. The technical problems experienced by
adolescents also represented a challenge to intervention use.
mHealth technical malfunctioning limitsintervention usability
[49] and also may represent asafety issuefor usersif the device
does not collect, interpret, and deliver medical information to
patients and health care providers asintended [50]. Pain Squad+
software modificationsto ensure sound functioning and improve
the user experience will be made before a subsequent Pain
Squad+ RCT research is conducted.

Generally, adolescents suggested that both pain self-management
advice and study nurse involvement contributed to the
therapeutic benefit of the app. Previous qualitative research with
adult cancer patients engaged in studies of similar real-time
symptom management interventions also showed positive
feedback related to therole of ahealth care provider in remotely
monitoring symptoms [51,52]. Acceptability of the nurse
suggests the role may be a valuable component of real-time
symptom management interventionsfor cancer patients. During
thepilot trial, however, only 38% (15/40) of participants actually
interacted with the nurse [19], who represents a cost addition
totheintervention. A planned Pain Squad+ RCT will, therefore,
usea3-armdesign (ie, Pain Squad+ with nurseinteraction, Pain
Squad+ without nurse interaction, and control) to elucidate the
therapeutic benefit and cost implications of clinician
involvement.

Onthebasis of thematic analyses of interview data, satisfaction
with the pilot study protocol in general, was high. Engagement
in the study was considered easy and the chance to use the
intervention was liked. Participant reports of altruism as the
motivation for study participation agree with previous studies
of adolescents with cancer engaged in research [53,54]. Other
motivations for participation included the novelty of being
involved in research and the gamification of the app. The cited
challenge associated with study participation related to the
loaned study phone. Fear of damaging the phone wasthe reason
for the single episode of study attrition, and using the study
phone if an adolescent owned their own phone was considered
a burden. Given that 80% to 87% of Western adolescents
currently own asmartphone[55,56], our future RCT will involve
installing Pain Squad+ on adolescent’s personal devices and
loaning phones only as necessary.

Limitations

A potential limitation of this study involved the introduction of
potential cognitive biases into study findings. In particular,
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experimenter bias may have been introduced as the study
member who conducted the interviews and data analyses was
a PhD student whose dissertation focused on the devel opment
of Pain Squad+. To minimize the effect of a bias whereby the
student could be overly positive when interpreting participants
remarks about the app and study, an additional study member
independently conducted coding and analysis, and an audit trail
detailing analyses decisions was kept. Bracketing or mentally
suspending biases also minimized the impact of researcher
subjectivity during data collection and analysis[34]. A second
limitation relates to socia desirability response bias whereby
to provide a socially desirable response to the interviewer,
adolescents could have denied negative thoughts and feelings
about the app [57]. To minimize this effect, at the onset of
interviews, adolescentsweretold that both positive and negative
feedback was equally important. A final limitation relates to
the pilot study design. Because we used a pre-post study pilot,
we could not explore the experience of adolescents being
randomized to treatment arms or the acceptability of
participating in the control condition.

Conclusions

This study has demonstrated the acceptability and perceived
helpfulness of the Pain Squad+ intervention and pilot study
protocol to adolescents with cancer, albeit with a few caveats
and suggestions for improvement. This study also shows that
both self-management and clinician support are generally
considered as helpful ingredientsin mHealth real-time symptom
management interventions for adolescents. However, because
not all adolescents agreed that the nurse involvement in the
intervention was necessary, future research will elucidate the
value of clinician support in improving pain-related outcomes
for adolescents. Using the UK MRC framework, this qualitative
research provides evidence that will be used to refine the Pain
Squad+ intervention and study protocol to design a successful
RCT. Specificaly, we will modify the Pain Squad+ software
by truncating the pain assessments, minimizing the number of
notifications received by adolescents, and addressing technical
problems related to accessing the app through the internet.
Satisfaction with the protocol was generally demonstrated, but
modificationsto improve acceptability by including the capacity
to install adolescents' personal phoneswill be added before an
RCT. Study findings have applicability to other researchers
engaged in the design and development of mHeath- and
internet-based interventions for youth with chronic and
life-limiting health conditions.
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Multimedia Appendix 1

Pain Squad+ pain management app screenshots. Top to bottom, left to right: (a) pain management screen; (b) sample of pain
self-management recommendations; (c) detailed view of "Mental Games' pain management recommendation; (d) sample of
"gamification" reward for adherence (ie, advancement through law-enforcement ranks); and (€) view of user placement within
law-enforcement ranks to encourage adherence.

[PDF File (Adobe PDF File), 243KB - mhealth_v6i4e80_appl.pdf ]

Multimedia Appendix 2
Consolidated Criteriafor Reporting Qualitative Research (COREQ) checklist.

[PDFE File (Adobe PDF File), 44KB - mhealth_v6i4e80_app2.pdf ]

Multimedia Appendix 3
Characteristics of interviewed Pain Squad and participants.

[PDF File (Adobe PDF File), 52K B - mhealth_v6i4e80_app3.pdf |
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Abstract

Background: Women with breast cancer undergoing chemotherapy experience difficulty in accessing adequate cancer carein
China. Mobile apps have the potential to provide easily accessible support for these women. However, there remains a paucity
of randomized controlled trials to evaluate the effectiveness of app-based programs targeting specifically women with breast
cancer undergoing chemotherapy. Moreover, women’s perceptions and experiences related to using and interacting within the
app-based program have rarely been reported. Therefore, an app-based Breast Cancer e-Support program was devel oped and
evaluated using a randomized controlled trial. Based on the incorporation of Bandura's self-efficacy and social exchange theory,
Breast Cancer e-Support program lasted for 12 weeks covering 4 cycles of chemotherapy and had 4 components: (1) aLearning
forum, (2) a Discussion forum, (3) an Ask-the-Expert forum, and (4) a Personal Stories forum.

Objective: As a part of the randomized controlled trial, the aim of this study was to explore the participants’ perception of
Breast Cancer e-Support program, its strengths and weaknesses, and suggestions to improve the program.

Methods: A descriptive qualitative study was employed. Thirteen women with breast cancer from 2 university-affiliated hospitals
in China, who were randomly all ocated to the Breast Cancer e-Support program in the randomized controlled trial, wereinterviewed
from November 2016 to February 2017. Purposive sampling was used based on women’s scores of self-efficacy after the completion
of the intervention. Inductive content analysis was used to analyze the transcripts, allowing the categories and subcategories to
flow from the data.

Results: The qualitative interviews revealed that participants perceived the Breast Cancer e-Support program to be helpful in
enhancing knowledge, improving confidencelevel, and promoting emotional well-being. Women al so identified accessto tailored
advice from experts and convenience as the benefits of this program. Physical or psychological health status, stigmarelated with
breast cancer, and app instability were mentioned asthe challenges to engagement. Suggestions for improvement included adding
message reminders to prompt instant communication and search engine to locate information quickly, supplementing more
interesting and practical knowledge, updating the information more often, and quickening the responses to women's questions.
The participants recommended the Breast Cancer e-Support program to be incorporated as routine care to support women during
chemotherapy.

Conclusions:  This study demonstrates the potential of the Breast Cancer e-Support program to support women during
chemotherapy. Future app-based programs should apply afamily-centered approach and provide more support on stigma associated
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with the disease to encourage engagement with the app. Suggestions of improvement regarding the design, content, and operation
of the app-based intervention should be addressed in future studies. It is promising to incorporate the Breast Cancer e-Support

program into routine care to generalize the benefits.
Trial Registration:

Australian New Zealand Clinical Trials Registry ACTRN12616000639426; http://www.ANZCTR.org.au/

ACTRN12616000639426.aspx (Archived by WebCite at http://www.webcitation.org/6v1in9hGZq)

(JMIR Mhealth Uhealth 2018;6(4):€85) doi:10.2196/mhealth.9311

KEYWORDS
mobile app; breast cancer; chemotherapy

Introduction

Breast cancer is the most commonly diagnosed cancer for
Chinese women [1], and chemotherapy is widely used to treat
breast cancer [2]. Women with breast cancer receiving
chemotherapy experience difficulty accessing adequate cancer
carein Chinabecause of the shortage of oncol ogy-trained health
care professionals (HCPs) [3,4], and the increasing incidence
of breast cancer [5]. In recent years, China's Ministry of Health
has devel oped anational plan aiming to provide easily accessible
and affordable health service to prevent and control cancer [6].
Mobile apps offer one meansin this endeavor to support patients

(7.

It is widely recognized that the use of chemotherapy causes a
variety of side effects such as nausea, insomnia, and pain, which
adversely affect women's psychol ogical well-being and quality
of life (QoL) [8,9]. Effective symptom management is thus
crucial, and a sense of self-efficacy and social support are
needed for women to initiate and maintai n appropriate symptom
management strategies [10]. Furthermore, the majority of
women receiving chemotherapy for breast cancer aretreated in
the out-patient setting and have to manage most symptoms at
home without direct support from HCPs [11]. Apps could
provide an innovative platform to overcome the accessibility
barrier, where women can acquire knowledge and communicate
with peers and HCPs when and where needed [7].

In 2017, 89% of the Chinese population owned amobile phone
[12], and approximately 653 million Chinese people accessed
the internet via their mobile phone [13]. Taking advantage of
their easily accessibility, apps have the potential to demonstrate
their value on health promotion with arobust program. However,
our recent integrative review found that there remains a paucity
of randomized controlled trials (RCTs) to evaluate the app
effectiveness specifically targeting at women with breast cancer
undergoing chemotherapy [14]. Furthermore, women's
perceptions and experiences related to using and interacting
within the app-based programs during chemotherapy haverarely
been reported [14].

Therefore, an app-based Breast Cancer e-Support program was
developed [15] and evaluated using a single-blinded,
multicentered RCT (ACTRN: ACTRN12616000639426) [16].
The components of this program were guided by four factors
(direct mastery experiences, vicarious experiences, verbal
persuasion, and arousal state) from Bandura's self-efficacy
theory [17] and structural support and functional support from
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thesocial exchangetheory [18]. Thisprogram supported women
for 12 weeks covering four cycles of chemotherapy and had
been shown to significantly improve the self-efficacy, QoL , and
symptom interference on daily life for women at 3 months of
follow-up, asreported in Part 2 of thisstudy (forthcoming) [19].

Process evaluation isan important part of an RCT to understand
the program effectiveness|20]. | dentifying how women appraise
different components, especialy for a multicomponent
app-based program, can give insights as to why and how the
program achieves or fails in the desired outcomes, further
improving the design of afuturetrial [21]. Thus, thisqualitative
process eval uation aimed to explore the participants’ perception
of Breast Cancer e-Support program, the strengths and
weaknesses of this program, as well as their improvement
suggestions.

Methods

Study Design and Participants

A descriptive qualitative study was employed. The first author
recruited women from the intervention group in an RCT
examining the effectiveness of the Breast Cancer e-Support
program. Women were eligible for the main study if they had
commenced chemotherapy at the study sites after diagnosis of
breast cancer, were able to access the internet via a mobile
phone, and were able to read and write Mandarin. The study
was approved by the institutional review board of Xiamen
University affiliated Zhong Shan Hospital (zhu20151023),
Central South University affiliated Hunan Cancer Hospital
(zhu20151026) in China, and the University of Newcastle in
Australia(H-2015-0448). Written consent formswere obtained
from al participants.

Breast Cancer e-Support Program

A website was devel oped, with the introduction of the Breast
Cancer e-Support program and the two-dimensional code for
women to scan (Figure 1) [22]. Once women downloaded the
app, the home page displayed a button for the user to submit an
application that thefirst author (JZ) either approved or declined
through the app background thread to ensure only the
intervention group had access to the Breast Cancer e-Support
program with a unique username and self-set password. This
application process prevented contamination between the two
groups and protected the privacy of participants in the Breast
Cancer e-Support program.
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Figure 1. Screenshot of the Breast Cancer e-Support program Website.
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The development process of the Breast Cancer e-Support
program applied user-centric design and assessed the perceived
ease of using the app [15]. This program supported women for
12 weeks covering four cycles of chemotherapy (1st-4th cycle
of chemotherapy), with each cyclelasting 3 weeks. The Breast
Cancer e-Support program had four components: Learning
forum, Discussion forum, Ask-the-Expert forum, and Personal
Story Forum [16]. The Learning forum provided knowledge
and symptom management strategies related to breast cancer
and chemotherapy. The Discussion forum offered an online
platform for women to chat with one another. The
Ask-the-Expert forum served as a communication channel for
women to ask questions and receive advice directly from experts
within 24 hours. The Personal Story forum presented five
encouraging stories of other women who had successfully
overcome obstacles during chemotherapy. On the basis of
women's topics and questions, the information in the learning
forum was updated every 2 weeksto addresswomen’s concerns.
The Discussion forum and Ask-the Expert forum were
moderated by the first author (JZ) who is an HCP. The
moderator facilitated the online discussions and sent areminder
message to the doctors with incoming questions. Eight doctors
from the study sites joined this program and responded to the
questions in the Ask-the Expert forum. Technical assistance
was availablefor the workday. The details of the Breast Cancer
e-Support program can be found in the study protocol published
in BMC Cancer [16].

Recruitment

For the process eval uation, we applied purposive sampling based
on scores in the primary outcome of self-efficacy at 3 months.
The Stanford Inventory of Cancer Patient Adjustment was used
to assess women's self-efficacy to manage cancer-related
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problems [23]. The Stanford Inventory of Cancer Patient
Adjustment contained 38 itemsrated from O (not at al confident)
to 10 (absolutely confident). Higher total scoresrepresent higher
self-efficacy. We selectively approached women with higher
and lower (ratio 1:1) scoresthan the mean score of self-efficacy.
We achieved data saturation at the 10th participant. No
additional data were yielded with three additional interviews,
giving atotal sample of 13 women [24]. Of the 13 interviewed
women, 7 participantswere higher and 6 participantslower than
the mean score of self-efficacy.

Interviews were conducted from November 2016 to February
2017. Asthese two participating hospitals are in two different
provinces in China, we undertook face-to-face interviews for
women in Zhong Shan Hospital and telephone interviews for
women in Hunan Cancer Hospital to achieve asufficient sample
size. The first author (JZ), who was a female PhD student in
nursing and who had established a good relationship with
women during moderating the online discussion, invited women
by telephone to participate, giving a clear explanation of the
aimsof theinterview. Women wereinformed that theinterview
would take 10 to 20 min and that the interview would be
audiorecorded. A total of 18 women were approached. Five
women declined to be audiorecorded and thus excluded. A total
of 5 women from Zhong Shan Hospital were interviewed
one-to-one in a meeting room in the hospital. Field notes were
taken during the interviews. A total of 8 women from Hunan
Cancer Hospital were interviewed by telephone. The duration
of theinterviews ranged from 7 to 27 min.

A semistructured interview guide (Table 1) with five questions
was prepared for the interview. Two academic experts in
psychoeducation and cancer care provided commentson clarity
and content of theinterview guide.
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Table 1. Semistructured interview guideline for process evaluation.

Zhu et a

No. Probing questions

1 What was your experience of using this program?

Probe: How did you feel participating in this program?

2 What were the main strengths or benefits of this program for you?

Probe: Which aspect of this program was most beneficial for you? Why?

3 What were the main weakness of this program for you?

Probe: Which aspect of the program was | east beneficial for you? Why?

4 What suggestion will you give to improve this program?
Probe: How can this program be improved further?

5 Do you think this program should be continued?

Analysis

Inductive content analysis was used to analyze the transcripts,
allowing the categories to flow from the data [25]. Qualitative
content analysis was conducted in the original language,
following Graneheim and Lundman’s [26] steps for analysis
procedures to achieve trustworthiness. Audiotapes were
transcribed verbatim into written Chinese by the first author
immediately after theinterview. Thefirst (JZ) and third authors
(DG) performed the initial coding independently. Transcripts
and field notes were repeatedly read through to obtain a broad
picture of thewhole. Transcribed datawere coded and analyzed.
Thevarious codes were compared regarding the differencesand
similarities, and interpretations of the codes were sorted into
subcategories. Finally the underlying meanings of the
subcategories were grouped into categories. The research team
had regular meetings to examine and revise the tentative
subcategories and categories. Any coding discrepancies were
discussed to ensure consensus. Two experts in qualitative
research reviewed the process of data collection and analysis.
Participant’'s quotes were translated into English. English
tranglation of the results and direct quotes were checked by the
last author who is bilingual (English and Chinese).

Results

Sample Characteristics

For all 114 participants in the RCT, the mean of self-efficacy
score at 3 monthswas212.1 (SD 58.1; range 74-368). The mean
age was 47.2 years. The majority of women were married
(96.5%, 110/114), had received elementary or middle school
(57%, 65/114) education, and were currently unemployed
(74.6%, 85/114). Only 14 women (12.3%, 14/114) lived in a
household with above average level of monthly family income
(2US$739) [27]. The majority of women were diagnosed with
breast cancer stage Il (43.0%, 49/114), followed by stage IlI
(36.7%, 42/114). A total of 97 women (85.1%, 97/114) had
undergone amastectomy, and 5 (4.4%, 5/114) had chosen breast
conserving surgery. The majority of women received eight
cycles (51.8%, 59/114) and six cycles (21.1%, 24/114) of
chemotherapy.

Intotal, 13 women in the intervention group participated in the
interview, with mean score of self-efficacy at 3 months as
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218.58 (SD 68.1; range 108-349). These 13 women had
comparable demographic or clinical characteristics as all
participantsin the RCT, except for education level ()(20.05,4:10.8,
P=.01). The interviewed women had significantly higher
education level than all participants in the RCT. The
demographic or clinical variables of the 13 participants are
summarized in Table 2.

Overview

From the content analysis, four categories emerged: (1) benefits
of participation, (2) challenges to engagement, (3) suggested
improvement, and (4) future direction. All the categories and
subcategories are summarized in Textbox 1.

Category 1. Benefits of Breast Cancer e-Support
Program

A total of 9 women found that the Learning forum was most
beneficial, and 3 believed that the Discussion forum was most
beneficial. A total of 5women found the Personal Story forum
asbeing least beneficial. Six women did not identify any forum
to be least beneficial. Participants reported many benefits from
the different forums, including enhanced knowledge, improved
confidence levels, promoted emotional well-being, access to
tailored advice from experts, as well as being easy to use,
convenient, and easily accessible.

Subcategory 1: Enhancing Knowledge on Symptom
Management, Breast Cancer, and Chemother apy

Most of the women mentioned that they gained a better
understanding of breast cancer, chemotherapy, and how to
manage a variety of symptoms after participating in the Breast
Cancer e-Support program:

| was very interested in reading the content in the
Learning forum. In the past, | never thought about
breast cancer. Before the diagnosis, | had no
knowledge on anything about breast cancer...But now
it happened to me. | read the knowledge in the
Learning forum and | really have learnt a lot. | felt
good when reading the content. [Informant 7]

| like to read information on symptom
self-management. In the past, | searched the web for
it, but was not sure whether the information was
useful. | trust the information on the app to be
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accurate..You know, when | was having forum.” Others' stories served as the role models to build
chemotherapy after surgery, | was a bit scared. | did confidence for these women. When women saw someone
not know what symptoms | would experience, how to succeed in a similar situation, they felt empowered and more
self-manage symptoms, how to choose food, and how positive:

to prevent oedema. The Learning forum has
everything...the related information. | learnt a lot. |
obtained knowledge which | did not know before.
[Informant 5]

My favourite is “ Personal Sory forum’. They are
real stories. | like to watch others stories. For
example, Miss XX, who is 60 years old, wear a wig,
put on make-up, and travel a lot after chemotherapy.

Subcategory 2: Improved Confidence L evel | think attitude is very important. Miss XX is older
Two women said they felt more confident as they watched the than me and had more advanced breast cancer. When
encouraging videosin the* Personal Story forum,” and 3 women | saw she could survive the chemotherapy and had a
mentioned that their confidence levels were increased when good life, | felt more confident that | can do it.
reading other participant’s experiences shared in the Discussion [Informant 3]
Table 2. Demographic or clinical data of participantsin the process evaluation.
Items Vaue
Agein years, mean (SD; range) 49.5 (9.5; 30-65)
Married status, n (%)
Married 13(100)
Education level, n (%)
University level or above 4(31)
High school 6 (46)
Middle school 2(15)
Primary school 1(8)
Current employment, n (%)
Employed 3(23)
Unemployed 10 (77)
Monthly family income (USD), n (%)
>$7392 3(23)
$443-$738 5 (39)
$149-$442 3(23)
<$148 2 (15)
Body mass index, mean (SD; range) 23.3(2.3; 19.5-27)
Cancer stage, n (%)
Stage |11 6 (46)
Stage Il 4 (30)
Stage | 3(23)
Surgery, n (%)
Mastectomy 12(92)
Breast conserving surgery 1(8)

Cycles of chemotherapy, n (%)

Eight cycles 6 (46)
Six cycles 4(31)
Four cycles 3(23)

8>US $739 above average level of monthly family income in China [27].
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Textbox 1. Categories and subcategories from the process eval uation.
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Benefits of Breast Cancer e-Support program
.  Enhanced knowledge

«  Improved confidence level

« Improved emotional well-being

« Received advices from experts

. Easytouse, easily accessible, and convenient

Challenges to engagement of Breast Cancer e-Support program
«  Physical or psychological health status
o  Stigmawith breast cancer

« Instability of the app

Suggested improvement

«  Designimprovement

o Interesting, plain, and practical content

«  Theinformation being updated more often

o  Quicker responses to women's questions

Future direction
«  Breast Cancer e-Support program as routine care
«  Breast Cancer e-Support program open to caregivers

«  Breast Cancer e-Support program applied to other cancer patients

Subcategory 3: Improved Emotional Well-Being

Most women mentioned that they felt much better when they
read the information in the Learning forum and interacted with
peers and HCPsthrough the program. They were less distressed
astheir perception about breast cancer altered and their queries
answered. They felt reassured knowing that they were not alone
in the struggle with breast cancer, and they had peer and
professional support available. This is revealed from the
following statements by 2 women:

| feel better to talk to someone who are in similar
situation. Cancer isnot a good thing. If | alwaysthink
about breast cancer alone at home, it is so easy for
meto feel bad. | didn’t feel alone when | talked with
peers through your program. They might have worse
or better conditions than me, but they understand
what | meant (Laugh...). This may be the source of
comfort and help. [Informant 13]

Before | joined your program, | searched online and
I was overwhelmed by the horrible information on
breast cancer. | got more and more anxious during
surfing the internet. But your program was different.
There was credible information and expert advice.
The more | used the app, the better | felt. [Informant
2]

Subcategory 4: Received Advice From Experts

Some women appreciated the Ask-the-Expert forum as the
advice was tailored to their own needs, which was “direct and
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targeted help.” They felt supported asthey had expertsto answer
their queries and received timely responses. The advice from
an expert acknowledged their symptoms, validated their
concerns, interpreted the lab results, and gave some useful
suggestions. One woman stated:

When | faced with something | didn’t know, | was so
anxious. But my doctor was very busy and he had no
time to communicate with me. After | jointed your
program, | could ask questions through the app
regarding my medical condition. | could upload the
lab results through your program. Then | received
corresponding advice fromexperts. | felt followed up.
When | knew more about my medical condition, | felt
more likely to gain control of my life. [Informant 4]

Subcategory 5: Easy to Use, Easily Accessible, and
Convenient

Ten women expressed that one of the biggest benefits of the
Breast Cancer e-Support program was that it was easy to use
and convenient. Tapping into the app enabled them access to
the knowledge and easy communication with peers and HCPs.
Thiswas especially helpful for women who lived long distances
from the hospital. One woman stated:

| have no difficulty in using the app. | live far away
from the hospital and | have no doctor close to me.
When | had questions about my medical condition, |
could not find the answer in theinternet. Then | asked
questions through the app. Aha, the professor or
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expert responded. Sometimes they gave me quick
feedback. Sometimes, they answered my questionsthe
next day. Yes, we can also make our judgement, but
we are not sure at that time. The response from the
expert provided me the direction. | believe thisisthe
strength of the app. [Informant 8]

Category 2: Challengesto Engagement of Breast Cancer
e-Support Program

Participating women highlighted several challenges to
engagement in the Breast Cancer e-Support program. Challenges
were associated with physical or psychological health status,
stigma with breast cancer, and instability of the app.

Subcategory 1: Physical or Psychological Health Status

Some women mentioned that the severe physical symptoms
such as nausea and fatigue hindered their engagement of the
program. Psychosocial symptoms related to fear of recurrence
and death added to their distress, further hampering women's
engagement of Breast Cancer e-Support program. Thisis echoed
by the following statements:

During the three days hospitalization for
chemotherapy, | felt like dying and | couldn’t even
think about opening the app. When | came back home
and | recovered a little bit, still my health was quite
fragile. | couldn’'t spend long time reading the app
or have enough energy to read in depth. [Informant
1]

During chemaotherapy, | guess, all people felt very
down. We had lots of negative thoughts (Pause for a
while). For me, | would reduce the usage of the app.
When | recovered a little bit, | might resume using
the program. [Informant 2]

Subcategory 2: Stigma With Breast Cancer

Some women experienced stigma with breast cancer. They
perceived themselves as having a“ disability” and felt that they
would be rejected by family and friends if they made their
condition known. Women felt ashamed to have breast cancer,
and using this program reminded them of their illness. Women
who felt this way reduced the usage of the Breast Cancer
e-Support program because they did not want to be reminded
that they had breast cancer or they were different:

If | told my friends that | had breast cancer, they
would reject me. | had such experience...They
perceived me as a different person. How can | have
the courage to tell people about my disease? | do not
want to touch the topic of “ breast cancer” . I’ vetried
to put it behind me...Using this program, reading and
chatting, it constantly reminds me of my illness. | need
to be done with it. [Informant 7]

Subcategory 3: Instability of the App

One woman complained that the app was not stable. She gave
up using the program when experiencing difficultiesin logging
in. She stated:

The app sometimeswas unstable. It didn’t work when
| tried to open it. | contacted with someone in the
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hospital and reinstalled the app. Then | could log in.
However, after a periods of time, | couldn’t open the
app again. Finally | gave up using your program. |
haven't log in for the recent month. [Informant 5]

Category 3: Suggested | mprovement

Many women gave suggestions on how to improve this program,
including design improvement; interesting, plain, and practical
content; updating the information more often; and quickening
response to women’s questions.

Subcategory 1: Design | mprovement

Some women suggested a design or technical improvement
such as adding the message reminder and search engine to
facilitate instant communication in the Discussion forum and
help women to locate the information they needed in the
Learning forum. Two women were of the following opinion:

The app may be improved by adding the message
reminder, like that in chat tools such as QQ or
Webchat. Once someone writes a message, the app
will have message reminder to notify others. Then
others will read and join the discussion..., like
conversation with each other. If you write a message
and nobody responds, then you lose the interest to
continue writing. Sometimes we just need to talk to
others. But if we always need wait for a while, we
may lost interest. [Informant 2]

There are too many content in the Learning forum. |
was overwhelmed by the information each time |
opened it. | do not have patience to read all of
them...But the screen of the mobile phone is so small
and it takeslong timeto find the knowl edge you want.
The program can be improved by adding search
engine in the Learning forum. If | search for
“nausea’ , then all the knowledge related to nausea
will come out. Search engine will help save my time.
[Informant 3]

Subcategory 2: Short, Interesting, Plain, and Practical
Content

Some women mentioned that the information in the Leaning
forum should be short, interesting, and practical. Also plain
language should be used to convey the knowledge. Adding more
content on food choice was requested by 6 women. Fivewomen
said they didn’t tap into the “Personal Story forum” very often
and hadn’t benefitted from the video much. Videos being too
long was identified as the main reason, and the majority of
women suggested that the video should be short and focused:

Please add more information on the food choice. We
need to eat every day, however, there is conflicting
advice on food choices on the internet, such as
whether we should eat honey, chicken, leek, etc. We
arein adilemmaon what we should eat. The apps can
provide detailed infor mation on food choice, thetime
of food intake, the cooking methods, etc...Such
practical information would be wvery helpful.
[Informant 11]
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The videos are always long. | opened the first video
and it showed that the video would took 25 minutes.
| thought | would watch it when | had enough time.
Then | never found time to open it again. | forgot it
(Laugh...). Actually, when | was quite physically
fragile, | prefer to short and fast
information...sometimes, fragmental information. |
like to use the Ask-the-Expert forum and Learning
forum to search for answers to my own questions. It
was quick. | couldn’t settle myself down to watch the
whole video. The video should be short and focused.
Three to five minutes would be enough for one story.

Subcategory 3: Updatethe I nformation More Often

Some women mentioned that the information should be updated
more often because they required different information and
faced new problems as their chemotherapy progressed. One
woman stated:

We have so many people in the discussion forum.
En...During chemotherapy, always there are new
problems occurred for different people. Reading the
same materials seems inadequate. e hope there are
more updated information. For me, | have no illness
experience before and | have no medical knowledge.
Every day | like to open the Learning forum for
reading. It will be great if you could update more
often your information such as food choice, or
medical follow-up. [Informant 7]

Subcategory 4: Quicken the Responsesto Women's
Questions

Some women said they preferred recelving an answer
immediately from the HCPs, but there were often delays in
responses to their questions:

| like the Ask-the-Expert forum. But, if we have some
questions in my mind, we are quite anxious. | want a
responseright away. But, it seems...maybe the doctor
were at rest, or at work. It always took some time for
the doctorsto answer our questions. [Informant 11]

Category 4: Future Direction

Most women were satisfied with this program and advocated
it as routine care. Some women aso suggested opening this
program to caregivers. One woman recommended applying this
program to other cancer groups.

Subcategory 1: Breast Cancer e-Support as Routine Care

Most of the women said that asthis program was very beneficial
for them, this program should be available to more women with
breast cancer as routine care;

It is great if all women with breast cancer could
receive this program, which might help them go
through the chemotherapy. Thank you very
much...From my own experience in this program, |
knew more about breast cancer and chemotherapy,
and | felt more confident to copy with the disease.
The programs must be helpful for them you know.
[Informant 1]
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Subcategory 2: Breast Cancer e-Support Open to Other
Family Members

Some women suggested that the Breast Cancer e-Support
program should be open to other family members, especially
for women who areilliterate and who are very old:

Many women with breast cancer come from the
countryside. They are illiterate, or they cannot read
and speak Mandarin. However, they also suffered a
lot from the chemotherapy. If you can open the
program to other family members who can read and
convey the knowl edge to the women, they would also
benefit from your program. [Informant 2]

Some people, like me, 40 or 50 years old. Well, this
group believe the appsisalittle bit troublesome. They
feel challenged to use the new technology. Thisis a
problem. Although they are not willing to participate,
they often consulted me on some questions and they
were quite interested in the knowledge. If this
program can be available for their family members,
such as their son or daughter, it would be helpful.
[Informant 11]

Subcategory 3: Breast Cancer e-Support Applied to Other
Cancer Patients

Onewoman, who actively participated in the Discussion forum
and Ask-the Expert forum, mentioned that this program should
be applied to all cancer patients because of common issues such
as health, food choice, and exercise. She stated:

If the app can be used by all types of cancer patients,
not only breast cancer, which will be good. We have
| ots of common topicsto discuss, such as maintaining
health, choosing appropriate food, exercising on a
regular basis. That will be a great platform to
promote health for cancer patients. From my point
of view, it is quite helpful to expand the scope of the
application. Haha... [Informant 6]

Discussion

Principal Findings

In this study, we evaluated participants’ perception of an
app-based program that they had access to during four cycles
of chemotherapy. This process evaluation supported the
guantitative results of the RCT that the Breast Cancer e-Support
program was useful and feasible [19]. This study helped in
understanding what challenges exist with the engagement of
the Breast Cancer e-Support program. Despite the challenges,
the participants provided constructive suggestions for
improvement related to the design, content, and operation of
this program. The participants recommended the Breast Cancer
e-Support program be incorporated as routine care to support
women during chemotherapy.

Women in this study reported that the Breast Cancer e-Support
program was helpful in enhancing knowledge, improving
confidence level, and promoting emotional well-being. They
valued the tailored advice from experts. These findings could
be explained by the theoretical framework of this program:
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Bandura's self-efficacy theory [17] and the social exchange
theory [18]. Self-efficacy, an individual’s perceived ability to
perform a particular task in a given situation, is an important
concept that influences women’ ability to manage their disease
and chemotherapy [17]. Four factors such as direct mastery
experiences, vicarious experiences, verbal persuasion, and
perception of their physiological state from Bandura's
self-efficacy theory [17] were addressed in the Breast Cancer
e-Support program by offering knowledge and skills, providing
hopeful stories, and encouragement from peers and HCPs. In
addition, supported by social exchangetheory, the Breast Cancer
e-Support program provided a channel to connect women with
structural support and avariety of functional support, which are
identified as the essential components of socia support [18].

Many women stated that the Breast Cancer e-Support program
was easy to use and convenient. Compared with traditional
face-to-face interventions, connecting with the Breast Cancer
e-Support program meant that women were able to access
information and social support at anytime and anywhere [28].
Taking advantage of the app's technical capabilities, this
program provided women the opportunity to learn tailored
information, watch encouraging stories, and chat with peersand
HCPs [16]. Even though the majority of women enjoyed the
convenience and multifunctional ability of the Breast Cancer
e-Support program, one woman identified the app instability as
a challenge to the engagement of this program. It is hard to
determine whether the app instability was because of theinternet
connection or the app itself. But till, thereisaneed to improve
the app reliability and to offer sufficient technical support
service to participants [29].

This study revealed that some participants felt too sick or in a
low mood to use the Breast Cancer e-Support program during
chemotherapy. Consistent with our study, the association
between poor health status and infrequent computer use was
reported [29,30]. Furthermore, Chinese women might fail to
disclose their negative emotions when confronting a
life-threatening disease [31], which may have prevented
participantsin this study from sharing their feelingsin the Breast
Cancer e-Support program. Intraditional Chinese culture, family
members are obliged to take care of the patients [32].
Family-centered approach should therefore be adopted in the
future app-based studies, so that a family member can also use
the app in need when women are experiencing severe physical
and psychosocial symptoms.

In our study, stigma related to breast cancer was reported to
prevent the utilization of this program. Culturaly, Chinese
women are not willing to talk openly about breast cancer
because of the perceived social rejection and low self-esteem
associated with beingill and the disfigurement of breast surgery
[31]. Women's concerns on stigma may aso hinder their
emotional expression and support seeking behaviors in this
program, thus reducing their engagement. Culturally sensitive
education and peer support were reported to help reduce stigma
and increased a sense of belonging for Chinese women with
breast cancer [33]. Integration of culturally tailored support
regarding stigmainto the Breast Cancer e-Support program may
alter women's perception on stigma, thus improving their
engagement.

http:/mhealthjmir.org/2018/4/e85/
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During process evaluation, women aso gave constructive
suggestions for improvement in design, content, and operation
of the Breast Cancer e-Support program. Design improvement
involved adding message reminders to prompt instant
communication with peers and shorten the response time from
the experts, as well as adding a search engine function to help
quickly locate information. Content improvement included
supplementing more interesting and practical knowledge (eg,
more pictures, cartoons, and food choi ces), plain language used,
and short and concise videos to convey information. Our study
indicatesthe demand for health service that optimizes on instant
communication and improves efficiency on information delivery
[34]. Operational improvement referred to knowledge being
updated more often and questions being responded to more
quickly. HCPS' involvement, such as knowledge updating and
timely feedback, iscrucial to reinforce women’s app engagement
[34]. Inrecent years, user-centered design has gained recognition
in app development [35], and user-friendliness has been
incorporated in the app assessment [36,37]. Thus, these valuable
commentsfrom users' experiencesidentified in our study should
be addressed in future app designs and operation to encourage

app engagement.

In our study, half of the interviewed women emphasized the
importance of diet guidelines during chemotherapy. They
believed that food choice was very practical, and this program
should add more diet details. Diet is imbued with Chinese
culture [38], and the need for more specific diet information
was considered important. Traditional Chinese medicine is
evident regarding diet and food properties among Chinese
women with breast cancer undergoing chemotherapy [39].
Specific food recommendations that are culturally sensitive
should be addressed for future app-based programs targeting
different sociocultural groups.

Many participants recommended the incorporation of this
program as routine care during chemotherapy. Some suggested
the Breast Cancer e-Support program should be generalized to
other family members or other cancer patients. These
recommendations indicated that women regarded this program
useful and beneficial to other patients. With the increasing
growth of mobile phone users[12], it ispossiblefor all patients
and their family caregiversto have such an app service available.
Moreover, benefiting from the rapid advances in mobile
technologies [7], future app-based intervention may convey
information viamultimedia for illiterate and old patients.

Strengthsand Limitations

This study haslimitations. This study was limited to those who
were able to access the internet via a mobile phone and who
werewilling to beinterviewed. Thisinclusion criteriamay have
narroved the participant cohort to those who were
technologically comfortable with mobile phone use and who
had a high level of motivation to share their experiences.
Moreover, there might be bias of the findings asthe interviewed
women were better educated than all participants in the RCT.
Our results may not be representative of the views of all women
with breast cancer in general. Two women in the intervention
group who never accessed the program were not interviewed
(one lost contact, one refused). Therefore, we were unable to
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explorefurther the reasonsfor nonuse of the app-based program.
The strength of the study isthat this process eval uation gathered
rich qualitative data of participants’ views on the benefits,
challenges, improvement suggestions, and recommendation for
an innovative intervention.

Conclusions

The study provides evidence on the benefits of the Breast Cancer
e-Support program and contributesto an increased understanding
of some challenges of why women could not engage in this
program as much as expected. This study also discussed some
improvement suggestions and future direction of the app-based

Zhu et a

improvement suggestions on design and operation, apply
family-centered approaches, and provide more support on stigma
associated with the condition to encourage the app engagement
and provide better support.

Our study also has global significance because apps are being
increasingly recognized as supplementary interventions when
the feasibility of traditional face-to-face interventions are
challenged. This app has the potential to be used by Chinese
women in Australia and also be tranglated to other languages
to help the culturally and linguistically diverse groups to
promote their health outcomes. The knowledge generated from

the study can be used to develop guidelines for future health

program from participants view. Such knowledge is crucial,
care app devel opment.

and future app-based interventions could address participants

Acknowledgments

The authors acknowledge National Natural Science Foundation of China (71503219) to fund this study and Hunter Cancer
Research Alliance Implementation Science Flagship Program as part of the 2018 HDR Student Award initiative to support this
study. Thetwo funding bodies had no role in the design of the study, content of the Web, data collection, analysis and interpretation
of the data, and in writing the manuscript.

Authors Contributions

JZ contributed to the conception and design of the study, acquisition of data, analysis of data, funding acquisition, writing original
draft and revision, and final approval of the submitted version. LE contributed to the conception and design of the study, writing,
review and editing for important intellectual content, and final approval of the submitted version. DG contributed to the acquisition
of data, analysis of data, writing and review and editing for important intellectual content, aswell asfinal approval of the submitted
version. SY and QH contributed to the acquisition of data, writing, review and editing for important intellectual content, as well
as final approval of the submitted version. SWCC contributed to the conception and design of the study, project administration,
writing, review and editing for important intellectual content, as well as final approval of the submitted version.

Conflictsof Interest
None declared.

References

1.  Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et a. Cancer incidence and mortality worldwide:
sources, methods and magjor patternsin GLOBOCAN 2012. Int J Cancer 2015 Mar 1;136(5):E359-E386. [doi:
10.1002/ijc.29210] [Medline: 25220842]

2. Fanl, Strasser-Weippl K, Li JJ, St Louis J, Finkelstein DM, Yu KD, et al. Breast cancer in China. Lancet Oncol 2014
Jun;15(7):e279-e289. [doi: 10.1016/S1470-2045(13)70567-9] [Medline: 24872111]

3. LiQ, XieP Outpatient workload in China. Lancet 2013 Jun 08;381(9882):1983-1984. [doi: 10.1016/S0140-6736(13)61198-8]
[Medline: 23746895]

4.  Goss PE, Strasser-Weippl K, Lee-Bychkovsky BL, Fan L, Li J, Chavarri-Guerra Y, et al. Challenges to effective cancer
control in Ching, India, and Russia. Lancet Oncol 2014 Apr;15(5):489-538. [doi: 10.1016/S1470-2045(14) 70029-4] [Medline:
24731404]

5. LinosE, Spanos D, Rosner BA, Linos K, Hesketh T, Qu JD, et al. Effects of reproductive and demographic changes on
breast cancer incidencein China: amodeling analysis. JNatl Cancer Inst 2008 Oct 01;100(19):1352-1360 [FREE Full text]
[doi: 10.1093/jnci/djn305] [Medline: 18812552]

6.  ChinasMinstry of Health. 2015 Sep 09. Programme of cancer prevention and control in ChinaURL: http://www.moh.gov.cn/
jkj/s5878/201509/656437bc5c7edcdOaf b581de85be998a.shtml [accessed 2017-11-07] [WebCite Cache ID 6vim9dAnz]

7. Bender J, Yue RY, To MJ, Deacken L, Jadad AR. A lot of action, but not in the right direction: systematic review and
content analysis of smartphone applications for the prevention, detection, and management of cancer. JMed Internet Res
2013;15(12):e287 [FREE Full text] [doi: 10.2196/jmir.2661] [Medline: 24366061]

8.  SavardJ, lversH, Savard M, Morin CM. Cancer treatments and their side effects are associated with aggravation of insomnia
results of alongitudinal study. Cancer 2015 May 15;121(10):1703-1711 [FREE Full text] [doi: 10.1002/cncr.29244)
[Medline: 25677509]

http://mhealth jmir.org/2018/4/e85/ JMIR Mheglth Uhealth 2018 | vol. 6 | iss. 4 [e85 | p.58

(page number not for citation purposes)


http://dx.doi.org/10.1002/ijc.29210
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25220842&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(13)70567-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24872111&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(13)61198-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23746895&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(14)70029-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24731404&dopt=Abstract
http://europepmc.org/abstract/MED/18812552
http://dx.doi.org/10.1093/jnci/djn305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18812552&dopt=Abstract
http://www.moh.gov.cn/jkj/s5878/201509/656437bc5c7e4cd0afb581de85be998a.shtml
http://www.moh.gov.cn/jkj/s5878/201509/656437bc5c7e4cd0afb581de85be998a.shtml
http://www.webcitation.org/6v1m9dAnz
http://www.jmir.org/2013/12/e287/
http://dx.doi.org/10.2196/jmir.2661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24366061&dopt=Abstract
http://dx.doi.org/10.1002/cncr.29244
http://dx.doi.org/10.1002/cncr.29244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25677509&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Zhuetd

9.

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.
20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

Dodd MJ, Cho MH, Cooper BA, Miaskowski C. The effect of symptom clusters on functional status and quality of lifein
women with breast cancer. Eur J Oncol Nurs 2010 Apr;14(2):101-110 [FREE Full text] [doi: 10.1016/j.ejon.2009.09.005]
[Medline: 19897417]

Bandura A. Health promotion by socia cognitive means. Health Educ Behav 2004 Apr;31(2):143-164. [doi:
10.1177/1090198104263660] [Medline: 15090118]

Weaver A, Young AM, Rowntree J, Townsend N, Pearson S, Smith J, et al. Application of mabile phone technology for
managing chemotherapy-associated side-effects. Ann Oncol 2007 Nov;18(11):1887-1892 [FREE Full text] [doi:
10.1093/annonc/mdm354] [Medline: 17921245]

Statista, Inc. Statista. 2017 Nov 17. Number of mobile cell phone subscriptionsin Chinafrom March 2016 to March 2017
(in millions) URL : https://www.statista.com/stati stics/278204/china-mabil e-users-by-month/ [accessed 2017-11-17]
[WebCite Cache ID 6vimRU817]

Statista, Inc. Statista. 2017 Nov 17. Number of maobile phone internet usersin Chinafrom 2015 to 2022 (in millions) URL:
https://www.statista.com/statisti cs/558731/number-of -mobil e-internet-user-in-chinal [accessed 2017-11-17] [WebCite
Cache ID 6v1imhwkob]

Zhu J, Ebert L, Wai-Chi Chan S. Integrative review on the effectiveness of internet-based interactive programs for women
with breast cancer undergoing treatment. Oncol Nurs Forum 2017 Mar 01;44(2):E42-E54. [doi: 10.1188/17.ONFE.E42-E54]
[Medline: 28222074]

Zhu J, Ebert L, Xue Z, Shen Q, Chan SW. Development of a mobile application of Breast Cancer e-Support program for
women with breast cancer undergoing chemotherapy. Technol Health Care 2017;25(2):377-382. [doi: 10.3233/THC-161292]
[Medline: 28085020]

Zhu J, Ebert L, Liu X, Chan SW. A mobile application of breast cancer e-support program versus routine Care in the
treatment of Chinese women with breast cancer undergoing chemotherapy: study protocol for arandomized controlled trial.
BMC Cancer 2017 Apr 26;17(1):291 [FREE Full text] [doi: 10.1186/s12885-017-3276-7] [Medline: 28446141]
Bandura A. Self-Efficacy : The Exercise of Control. New York: W.H. Freeman; 1997.

House JS. Work, Stress & Social Support. NY: Addison-Wesley, Reading, MA; 1981.

Zhu J, Ebert L, Liu X, Di W, Chan SW. A mobile breast cancer e-support program for Chinese women with breast cancer
undergoing chemotherapy (Part 2): results of a multicenter randomized controlled trial. IMIR mHealth and uHealth 2018
(forthcoming). [doi: 10.2196/jmir.9438]

Moore GF, Audrey S, Barker M, Bond L, Bonell C, Hardeman W, et a. Process evaluation of complex interventions:
Medical Research Council guidance. Br Med J 2015;350:h1258 [FREE Full text] [Medline: 25791983]

Partridge SR, Allman-Farinelli M, McGeechan K, Balestracci K, Wong AT, Hebden L, et al. Process evaluation of
TXT2BF T: amulti-component mHealth randomised controlled trial to prevent weight gain in young adults. Int J Behav
Nutr Phys Act 2016;13(1):7 [FREE Full text] [doi: 10.1186/s12966-016-0329-2] [Medline: 26785637]

Zhu J, Ebert L, Chan W. Breast Cancer e-Support. 2015. Breast Cancer e-Support URL : http://breastesupport.xmu.edu.cn/
[accessed 2017-11-16] [WebCite Cache ID 6vimpY JMo]

Telch CF, Telch MJ. Group coping skillsinstruction and supportive group therapy for cancer patients: a comparison of
strategies. J Consult Clin Psychol 1986 Dec;54(6):802-808. [Medline: 3794024]

Trotter RT. Qualitative research sample design and sample size: resolving and unresolved issues and inferential imperatives.
Prev Med 2012 Nov;55(5):398-400. [doi: 10.1016/j.ypmed.2012.07.003] [Medline: 22800684]

Elo S, Kyngéds H. The qualitative content analysis process. J Adv Nurs 2008 Apr;62(1):107-115. [doi:
10.1111/j.1365-2648.2007.04569.x] [Medline: 18352969)]

Graneheim UH, Lundman B. Qualitative content analysisin nursing research: concepts, procedures and measuresto achieve
trustworthiness. Nurse Educ Today 2004 Feb;24(2):105-112. [doi: 10.1016/j.nedt.2003.10.001] [Medline: 14769454]

Lu N. China.org.cn. Beijing; 2014. Top 20 cities with highest average monthly salary URL : http://www.china.org.cn/top10/
2014-04/25/content 32208090 8.htm [accessed 2017-11-16] [WebCite Cache ID 6vimwOTYL]

Zhang MW, Chan S, Wynne O, Jeong S, Hunter S, Wilson A, et al. Conceptualization of an evidence-based smartphone
innovation for caregivers and persons living with dementia. Technol Health Care 2016 Sep 14;24(5):769-773. [doi:
10.3233/THC-161165] [Medline: 27129032]

Varsi C, Gammon D, Wibe T, Ruland CM. Patients' reported reasons for non-use of an internet-based patient-provider
communication service: qualitative interview study. JMed Internet Res 2013;15(11):e246 [FREE Full text] [doi:
10.2196/jmir.2683] [Medline: 24220233]

LaVelaSL, Schectman G, Gering J, Locatelli SM, Gawron A, Weaver FM. Understanding health care communication
preferences of veteran primary care users. Patient Educ Couns 2012 Sep;88(3):420-426. [doi: 10.1016/j.pec.2012.06.004]
[Medline: 22766452]

Warmoth K, Cheung B, You J, Yeung NC, Lu Q. Exploring the social needs and challenges of Chinese American immigrant
breast cancer survivors: aqualitative study using an expressive writing approach. Int JBehav Med 2017 Jun 05;24(6):827-835.
[doi: 10.1007/s12529-017-9661-4] [Medline: 28585073]

Davidson PM, Daly J, Leung D, Ang E, Paull G, DiGiacomo M, et a. Health-seeking beliefs of cardiovascular patients: a
qualitative study. Int JNurs Stud 2011 Nov;48(11):1367-1375. [doi: 10.1016/j.ijnurstu.2011.02.021] [Medline: 21496819]

http://mhealth jmir.org/2018/4/e85/ JMIR Mhegith Uhealth 2018 | vol. 6 | iss. 4 [e85 | p.59

(page number not for citation purposes)


http://europepmc.org/abstract/MED/19897417
http://dx.doi.org/10.1016/j.ejon.2009.09.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19897417&dopt=Abstract
http://dx.doi.org/10.1177/1090198104263660
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15090118&dopt=Abstract
http://annonc.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=17921245
http://dx.doi.org/10.1093/annonc/mdm354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17921245&dopt=Abstract
https://www.statista.com/statistics/278204/china-mobile-users-by-month/
http://www.webcitation.org/6v1mRU81Z
https://www.statista.com/statistics/558731/number-of-mobile-internet-user-in-china/
http://www.webcitation.org/6v1mhwk9b
http://www.webcitation.org/6v1mhwk9b
http://dx.doi.org/10.1188/17.ONF.E42-E54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28222074&dopt=Abstract
http://dx.doi.org/10.3233/THC-161292
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28085020&dopt=Abstract
https://bmccancer.biomedcentral.com/articles/10.1186/s12885-017-3276-7
http://dx.doi.org/10.1186/s12885-017-3276-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28446141&dopt=Abstract
http://dx.doi.org/10.2196/jmir.9438
http://europepmc.org/abstract/MED/25791983
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25791983&dopt=Abstract
http://ijbnpa.biomedcentral.com/articles/10.1186/s12966-016-0329-2
http://dx.doi.org/10.1186/s12966-016-0329-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26785637&dopt=Abstract
http://breastesupport.xmu.edu.cn/
http://www.webcitation.org/6v1mpYJMo
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=3794024&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2012.07.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22800684&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2648.2007.04569.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18352969&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2003.10.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14769454&dopt=Abstract
http://www.china.org.cn/top10/2014-04/25/content_32208090_8.htm
http://www.china.org.cn/top10/2014-04/25/content_32208090_8.htm
http://www.webcitation.org/6v1mw0TYL
http://dx.doi.org/10.3233/THC-161165
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27129032&dopt=Abstract
http://www.jmir.org/2013/11/e246/
http://dx.doi.org/10.2196/jmir.2683
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24220233&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2012.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22766452&dopt=Abstract
http://dx.doi.org/10.1007/s12529-017-9661-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28585073&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2011.02.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21496819&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Zhuetd

33.

35.

36.

37.

38.

39.

LuQ, YouJ, Man J, Loh A, Young L. Evaluating a culturally tailored peer-mentoring and education pilot intervention
among Chinese breast cancer survivors using a mixed-methods approach. Oncol Nurs Forum 2014 Nov 01;41(6):629-637
[FREE Full text] [doi: 10.1188/14.ONF.629-637] [Medline: 25355018]

Khan S, Dasrath F, Farghaly S, Otobo E, Riaz M S, Rogers J, Health PROMISE Consortium Group. Unmet communication
and information needs for patientswith IBD: implications for maobile health technology. Br JMed Med Res 2016;12(3):pii:
12119 [FREE Full text] [doi: 10.9734/BIMMR/2016/21884] [Medline: 28217532]

McCurdie T, Taneva S, Casselman M, Yeung M, McDanid C, Ho W, et al. mHealth consumer apps: the casefor user-centered
design. Biomed Instrum Technol 2012; Suppl:49-56. [doi: 10.2345/0899-8205-46.52.49] [Medline: 23039777]

Kochmann M, Locatis C. Direct to consumer mobile teledermatology apps: an exploratory study. Telemed J E Health 2016
Aug;22(8):689-693. [doi: 10.1089/tm].2015.0189] [Medline: 26960113]

Rao A, Hou P, Golnik T, Flaherty J, Vu S. Evolution of data management tools for managing self-monitoring of blood
glucose results: a survey of iPhone applications. J Diabetes Sci Technol 2010 Jul;4(4):949-957 [EREE Full text] [Medline:
20663461]

Rong X, Peng Y, Yu H, Li D. Cultura factorsinfluencing dietary and fluid restriction behaviour: perceptions of older
Chinese patientswith heart failure. JClin Nurs 2017 Mar;26(5-6):717-726. [doi: 10.1111/jocn.13515] [Medline: 27532343]
Lin SA, Chu PY, Chen LL, Su'YC, Wang SM. The prevalence rate of deviationsin body constitutions and related factors
in follow-up stage breast cancer patients-A nationwide study. Complement Ther Med 2017 Jun;32:49-55. [doi:
10.1016/j.ctim.2017.03.013] [Medline: 28619304]

Abbreviations

HCP: health care professional
QoL : quality of life
RCT: randomized controlled trial

Edited by G Eysenbach; submitted 19.11.17; peer-reviewed by Y Hu, S Partridge; comments to author 21.12.17; revised version
received 21.01.18; accepted 10.02.18; published 11.04.18.

Please cite as:

Zhu J, Ebert L, Guo D, Yang S Han Q, Chan SWC

Mobile Breast Cancer e-Support Program for Chinese Women With Breast Cancer Undergoing Chemotherapy (Part 1): Qualitative
Sudy of Women’s Perceptions

JMIR Mhealth Uhealth 2018;6(4):e85

URL: http://mhealth.jmir.org/2018/4/e85/

doi:10.2196/mhealth.9311

PMID: 29643056

©Jiemin Zhu, Lyn Ebert, Dongmei Guo, Sumei Yang, Qiuying Han, Sally Wai-Chi Chan. Originally published in IMIR Mhealth
and Uhealth (http://mhealth.,jmir.org), 11.04.2018. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in IMIR mhealth and uhealth, is properly cited. The
complete bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and
license information must be included.

http://mhealth jmir.org/2018/4/e85/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 e85 | p.60

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/25355018
http://dx.doi.org/10.1188/14.ONF.629-637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25355018&dopt=Abstract
http://europepmc.org/abstract/MED/28217532
http://dx.doi.org/10.9734/BJMMR/2016/21884
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28217532&dopt=Abstract
http://dx.doi.org/10.2345/0899-8205-46.s2.49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039777&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2015.0189
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26960113&dopt=Abstract
http://europepmc.org/abstract/MED/20663461
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20663461&dopt=Abstract
http://dx.doi.org/10.1111/jocn.13515
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27532343&dopt=Abstract
http://dx.doi.org/10.1016/j.ctim.2017.03.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28619304&dopt=Abstract
http://mhealth.jmir.org/2018/4/e85/
http://dx.doi.org/10.2196/mhealth.9311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29643056&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Yamin et a

Original Paper

Women'’s Perceptions of Using Mobile Phones for Maternal and
Child Health Support in Afghanistan: Cross-Sectional Survey

Fazal Yamin', MD, M Sc; Jaranit Kaewkungwal*, PhD; Pratap Singhasivanon', MD, PhD; Saranath Lawpoolsri*, MD,
PhD
Department of Tropical Hygiene, Faculty of Tropica Medicine, Mahidol University, Bangkok, Thailand

Corresponding Author:

Saranath Lawpoolsri, MD, PhD
Department of Tropical Hygiene
Faculty of Tropical Medicine

Mahidol University

420/6 Ratchawithee Road, Ratchathewi
Bangkok,

Thailand

Phone: 66 2 306 9188

Email: saranath.law@mahidal.ac.th

Abstract

Background: Growing rates of global mobile subscriptions pave the way for implementation of mobile health (mHealth)
initiatives, especially among hard-to-reach populations.

Objective: This study aimed to determine the perceptions of Afghan women regarding the use of mobile phones for maternal
and child health services.

Methods: A cross-sectiona survey was conducted in both rural and urban districts of Nangarhar Province, Afghanistan. The
i nterviewer-administered questionnaire was used to assess participants demographic profile, mobile phone usage, and perception
of respondents toward different aspects of health care delivery via mobile phones.

Results: Of the 240 participants, 142 (59.2%) owned mobile phonesand 220 (91.7%) routinely used mobile phones. Approximately
209 (87.1%) of participants were willing to receive health messages via a mobile phone. Automated voice call was the most
preferred method for sending health messages. More than 90% of the women reported that they would like to receive reminders
for their children’s vaccinations and antenatal care visits.

Conclusions: Users' perception was associated with mobile phone ownership, literacy level, and experience using mobile

phones. In the study area, where the literacy rate islow, mHealth was well perceived.

(JMIR Mhealth Uhealth 2018;6(4):€76) doi:10.2196/mhealth.9504

KEYWORDS

Afghanistan; mobile health; maternal health, child health; perception; mobile phone

Introduction

Mobile technology has been treated as a necessity in both the
developed and developing world. The high demand for this
technology has resulted in exponential growth in the number
of cellular subscribers worldwide. In 2014, there were more
than 7 billion subscribers, with an average penetration rate of
96% [1].

Given the unprecedented growth in the use of mobile
technology, much research and increasing resources have been
devoted to the development of its application in various domains
beyond its core functionality of telecommunication. The use of

http://mhealth.jmir.org/2018/4/e76/

mobile phone devices to support medical and public health
practices has led to the emergence of a new field of eHealth
known as mobile health (mHealth) [2]. mHealth can be used
for complex applications for health; however, simple health
support applications using mobile phones' core functionality
have also been developed [2].In Afghanistan, a postconflict
country, there were no mobile network operators until 2003;
now there are 5 mobile network operators providing services
to more than 20 million subscribers with a penetration rate of
83% covering 90% of the population [3]. A lack of landline
telephones in most areas, high demand, a competitive market,
and decreasing costs of mobile devices and services have all
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contributed to the rapid growth of maobile telephone servicesin
the country.

Although gender inequality in Afghanistan has been improving
in the past decade, accessibility to education and health care
remains agreat challenge among Afghan women. The national
literacy ratefor adult femaleswasonly 17% in 2012 [4]. Despite
the limited access to education and health, a survey among
Afghan women has shown that about 80% of women have
access to a mobile phone [5]. This high rate of mobile phone
use among Afghan women suggeststhat application of mHealth
could be an effective method to promote maternal and child
health.

Maternal and child health isakey priority areafor the Ministry
of Public Health of Afghanistan. The maternal mortality rate
has been decreased from 1600 per 100,000 live birthsin 1990s
to 327 per 100,000 live birthsin 2010 [6,7]. However, maternal
mortality and child mortality ratesin Afghanistan are still high
compared with those in other countries. Lack of information is
an important factor that contributes to poor health outcomes
[8]. Peoplein rural areas may not have access to many sources
of information; for years, radio had been the only reliable
medium for transferring information to the rural population.

Studies have shown that mobile phones can be used as an
effective means for disseminating health-related messages to
target populations. A study in India showed that mobile phones
can be considered as an acceptable means of health care delivery
[9]. Studies also show positive perceptions toward using mobile
phone for health purposes; however, some important factors
need to be considered before designing and implementing such
a program, including user preference of receiving messages,
tone and frequency of messages, and privacy and confidentiality
[2,9-13].

Thisstudy aimed to determine the perceptions of Afghan women
regarding the use of maobile phonesfor supporting maternal and
child health, and the associated factors with those perceptions.
This preintervention study could provide viable information in
terms of contextualization for the development of appropriate
mHealth initiatives.

Methods

Study Design

This cross-sectional survey was conducted in two study sites
(rural and urban) in Nangarhar Province, Afghanistan, from
August 2015 to September 2015. Nangarhar Province, consisting
of 22 didtricts, is one of the largest provinces in the country.
Women of child-bearing age (18-49 years) who resided in the
study areas and who agreed to participate in our study were
considered eligible for the survey.

A sample size of 240 (120 per study site) was calculated with
expected women’s perceptions toward utilization of mHealth
of 80% with 5% error and 80% power. A multi-stage stratified
random cluster sampling was performed to select the study sites.
First, the 22 districtswere classified asrural or urban areas. One
district in an urban area (Jalalabad City) and 2 districtsin arural
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area (Rodat and Kama) were randomly selected. Then, 1
subdistrict per district in the rural areaand 2 subdistrictsin the
city wererandomly chosen. Finally, 2 villages or sectorsin each
subdistrict (total of 8 villages/sectors) were randomly selected
for data collection.

Systematic sampling was used to select households in each
village. Finally, random sampling was used for selecting 1
interviewee in each household.

The interviewer-administered questionnaire used in this study
was adopted from a similar study conducted in India[9]. The
guestionnaire was reviewed by 3 experts beforeimplementation.
The interviewers were trained for data collection. The
guestionnaire assessed participants demographic profile, mobile
phone usage, and perception of respondents toward different
aspects of health care delivery via mobile phones.

Data Analysis

Data were analyzed using Statistical Package for the Social
Sciences (SPSS) version 18 (SPSS Inc, Chicago, IL).
Frequencies, means, and SD were used to describethe variables.
Demographic and mobile phone usage data were compared
between respondents in rural and urban areas. Chi-square and
binary logistic regression models were used to identify factors
associated with perceptions and willingness to use mobile
phones for health. Multiple logistic regression was performed
to determine adjusted odds ratio (OR) for the perceptions and
willingness to use mobile phones for health; the adjusted
variables included residence, ability to read, ownership of
mobile phone, routine use of mobile, age group, and duration
of mobile phone use.

Ethical Statement

The study was approved by the Ethics Committee of the Faculty
of Tropica Medicine, Mahidol University, Thailand, and the
Ingtitutional Review Board of the Ministry of Public Health,
Afghanistan. Information about the study was provided to
participants, and informed consent was obtained from each
participant.

Results

Characteristics of Participants

A total of 240 women participated in the study (120 participants
from urban areasand 120 from rura areas). The mean household
size was 7.1 individuals with an SD of 3.0 (minimum 2,
maximum 14). Most households (228/240, 95%) had at least 1
mobile phone. Few participants were employed, and 89.6%
(215/240) were housewives. Only one fourth of the women
(57/240) were able to read, and among those, 33 had attended
community-based schools (Table 1). These characteristicswere
not significantly different between women in therura areaand
those in the urban area. Approximately, 47.5% (57/120) and
70.8% (85/120) of women in rural and urban aress, respectively,
owned amobile phone. However, most of the women (220/240,
91.7%) routinely used mobile phones for making calls. The
main reason for not using mobile phones was the cost.
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Table 1. Demographic characteristics of the study population (N=240).

Yamin et a

Characteristics n (%)
Living area

Rural 120 (50.0)

Urban 120 (50.0)
Ability toread

No 183 (76.2)

Yes 57 (23.8)
Education level

No education 183 (76.2)

Informal education (community-based study) 33(13.9)

Primary and secondary 9(3.8)

High school 15(6.2)
Occupation

Housewife 215 (89.6)

Teacher 11 (4.6)

Officer 4(1.7)

Other 10 (4.1)
Have children

No 13(5.4)

Yes 227 (94.6)

Women in both rural and urban areas had, on average,
approximately 4 years of experience in using mobile phones.
Most of the respondents (154/220, 70.0%) were familiar with
both the voice call and short message service (SMS) function;
however, only 24.1% (53/220) of them used the SM S function.
Overdll, only 16.8% (37/220) of women were familiar with
voice cals, SMS, and interactive voice response (IVR)
functions. M obile phoneswere commonly used for alarm setting
(for prayers or waking up) and listening to the radio. Only 2
respondents from urban areas used the mobile phone aarm
feature as areminder for taking medication (Table 2).

Per ceptions Towar d Using M obile Phones for Health

About 72.1% (173/240) of our respondents thought that mobile
phones could be used for health support. There was no
significant difference regarding the perception of using amobile
phone for health purposes between women in rural and urban
areas. Of these 173 respondents, 80.3% (n=139) and 75.7%
(n=131) thought that mobile phones could be used for making
appointments and counseling purposes, respectively, whereas
19.1% (n=33) reported that it could be used as a means for

http://mhealth.jmir.org/2018/4/e76/

disseminating health-related information, and 8.7% (n=15)
suggested that maobile phones could be used for treatment or
vaccination reminders. According to responses to open-ended
guestions, other mobile phone purposes were to communicate
with pharmaci sts regarding medication, receiving updates about
hospitalized relatives, and receiving lab results from the hospital
(Table 3).

Perceptionstoward using maobile phonesto support health were
significantly associated with literacy, ownership and usage of
amobile phone, and age. Women who were able to read were
20 times more likely to agree that mobile phones can be used
to support health compared with illiterate women. Those who
owned or routinely used a mobile phone were about twice more
likely to use a mobile phone for health support; however, this
associ ation was not significant after adjusting for other variables.
In addition, younger women (aged <31 years) were 3 times
more likely to perceive the usefulness of using a mobile phone
for hedth purposes. However, this perception was not
significantly different among women in rural areas and those
in urban areas (Table 4).
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Table 2. Characteristics of mobile phone use (N=240). IVR: interactive voice response. SMS: short message service.
Characteristics Study site Total P vaue
Rura (n=120)  Urban (n=120)
Owner ship of mobile phone, n (%)

No 63 (52.5) 35(29.2) 98 (40.8)

Yes 57 (47.5) 85(70.8) 142 (59.2) <.001
Routine use of mobile phone, n (%)

No 14 (11.7) 6 (5.0) 20 (8.3)

Yes 106 (88.3) 114 (95.0) 220 (91.7) .06
Duration of mobile use (years), mean (SD) 4.27 (1.99) 4.41 (1.91) 4.35 (1.94) 49
Familiarity with mobile functions, n (%)

Voice call 14 (13.2) 15 (13.2) 29 (13.2) .99

Voice call and SMS 74 (69.8) 80(70.2) 154 (70.0)

Voicecal, SMS, and IVR 18(17.0) 19 (16.6) 37 (16.8)

Using mobile phonefor SMS, n (%)

No 82 (77.4) 85 (74.6) 167 (75.9)

Yes 24 (22.6) 29 (25.4) 53 (24.1) 62
Using mobile phoneasalarm, n (%)

No 77 (72.6) 70 (61.4) 147 (66.8)

Yes 29 (27.4) 44 (38.6) 73(33.2) .07
Using mobile phone alarm (n=73), n (%) n=29 n=44

For prayers 15 (51.7) 20 (45.5) 35(47.9)

For waking up 12 (41.4) 20 (45.5) 32 (43.7)

For taking medicine 0(0) 2(45) 2(2.7)

Other 12 (41.4) 17 (38.5) 29(39.7)

Using mobile phone for other functions (n=167), n (%) n=81 n=86

Radio 65 (80.2) 71(82.6) 136 (81.4)

Audio (MP3 and/or MP4) 18 (22.2) 16 (18.6) 34(20.4)

Games 19 (23.5) 21 (24.4) 40 (24.0)

Camera 14 (17.3) 18 (20.9) 32(19.2)

Internet 0(0) 9(10.5) 9(5.4)

Calculator 10 (12.3) 12 (14.0) 22(132)

Torch or flash light 53 (65.4) 47 (54.7) 100 (59.9)
Reasons for not using mobile phone (n=20), n (%) n=14 n=6

Lack of money 12 (86) 4 (67) 16 (80)

Lack of permission 7 (50) 2(33) 9 (45)

Unable to use mobile phone 4(29) 2(33) 6 (30)
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Table 3. Perceptions toward using mobile phones for health purposes. SMS: short message service.

Perceptions Study site Total, n (%) P vaue
Rura (n=120), Urban (n=120),
n (%) n (%)

Do you think mobile phones can be used for supporting health?

No 39(32.5) 28(23.3) 67 (27.9)

Yes 81 (67.5) 92 (77.7) 173 (72.1) A1
Ways mobile phones can be used for supporting health

Asamean for disseminating health-related information 9(11.1) 24 (26.1) 33(19.1)

As treatment or vaccination reminder 8(9.9) 7(7.6) 15(8.7)

For making appointments 64 (79.0) 75 (81.5) 139 (80.3)

For counseling 62 (76.5) 69 (75.0) 131 (75.7)

Other 6 (7.4) 6 (6.5) 12 (6.9)
Opennessto receiving health advice via a mobile phone

No 20 (16.7) 11(9.2) 31(12.9)

Yes 100 (83.3) 109 (90.8) 209 (87.1) .08
Topics of interest

Nutrition 30(25.0) 36 (30.0) 66 (27.5)

Breast feeding 75 (62.5) 71(59.2) 146 (60.8)

Pregnancy 95 (79.2) 95 (79.2) 190 (79.2)

Vaccination 105 (87.5) 82 (68.3) 187 (77.9)

Hygiene 35(29.2) 40 (33.3) 75 (31.3)

Other 16 (13.3) 24(20.0) 40 (16.7)
Preferred frequency for receiving health information

Daily 39(32.5) 22(18.3) 61 (25.4) .03

Weekly 57 (47.5) 75 (62.5) 132 (55.0)

Monthly 24 (20.0) 23(19.2) 47 (19.6)
Preferred method for receiving health information

SMS 3(2.5) 12 (10.0) 15 (6.3) .009

Automated voice call 96 (80.0) 98 (81.7) 194 (80.8)

No preference 21 (17.5) 10(8.3) 31(12.9)
Willingnessto use a free health call center/ help - line number

No 28(23.3) 19 (15.8) 47 (19.6)

Yes 92 (76.7) 101 (84.2) 193 (80.4) 14
Opennessto receiving reminders about National |mmunization Days

No 35(29.2) 32(26.7) 67 (27.9)

Yes 85 (70.8) 88(73.3) 173 (72.1) 67
Opennessto receiving remindersfor children’ svaccinations

No 9(7.5) 16 (13.3) 25 (10.4)

Yes 111 (92.5) 104 (86.7) 215 (89.6) 14
Opennessto receiving remindersfor tetanus vaccination

No 7(5.8) 9(7.5) 16 (6.7)

Yes 113 (94.2) 111 (92.5) 224 (93.3) 61
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Perceptions Study site Total, n (%) P value
Rura (n=120), Urban (n=120),
n (%) n (%)
Opennessto receiving remindersfor antenatal/ perinatal care visits
No 9(7.5) 6 (5.0) 15 (6.3)
Yes 111 (92.5) 114 (95.0) 225 (93.8) 42
Preferred timefor receiving reminders
On the day 5 (4.4) 5(4.5) 10 (4.4) 34
1 day before 37(32.5) 49 (44.1) 86 (38.2)
2 days before 67 (58.8) 53 (47.7) 120 (53.3)
1 week before 5(4.4) 4(3.6) 9 (4.0)
Preferred method for receiving reminders (n=235) n=120 n=115
Voice call 96 (80.0) 92 (80.0) 188 (80.0) 01
SMS 3(2.5) 12 (10.4) 15 (6.4)
No preference 21(17.5) 11 (9.6) 32 (13.6)

M obile Phone Usage for Health Promotion

The majority (209/240, 87.1%) of our respondents were open
to receiving health advice via mobile phones. Only 31 women
(31/240, 12.9%) refused to receive health information. Those
who refused were asked for the reason in an open-ended
guestion. Among those women, 10 cited cultural restrictions,
and one stated, “1 don’t need it as we have health professionals
in our family.”

The percentages of respondents preferred topics were as
follows: pregnancy, 79.2% (190/240); vaccination, 77.9%
(187/240); breast feeding, 60.8% (146/240); hygiene, 31.3%
(75/240); and nutrition, 27.5% (66/240). Other suggested topics
included family planning, infertility causes, and information on
specific diseases, such as diarrhea, hepatitis B, malaria, and
human immunodeficiency virugacquired immune deficiency
syndrome (HIV/AIDS). More than half of the respondents
(132/240, 55.0%) preferred to receive the information on a
weekly basis, whereas 25.4% (61/240) preferred to receive it
onadaily basis, and 19.6% (47/240) preferred monthly. Interms
of the method for receiving health information, the majority
(194/240, 80.8%) of respondents preferred automated voice
cals, whereas only 6.3% (15/240) preferred SMS, and the
remainder had no preference (Table 3).

A total of 80.4% (193/240) of the participants were willing to
use atoll-free health call center or hotline numbersfor obtaining
health-related information of their interest; the reported reasons

http://mhealth.jmir.org/2018/4/e76/

for not wanting to use these methods were related to cultural
and gender issues, or reluctance/fear to tak to hedth
professionals. Regarding the factor associated with openness
to receive health information via a mobile phone, those who
owned a mobile phone and those who used it routinely were
more likely to be open to receiving information in comparison
with those who did not own or use one routinely. However,
these associations were not significant after adjusting for other
variables. Other factors, including literacy, residency, and age,
were also not significantly associated with respondents
willingness to receive health information via a mobile phone
(Table5).

Usage of Mobile Phone for Medical Reminders

Approximately 72.1% (173/240) of the participantswerewilling
to receive remindersfor National Immunization Days, whereas
89.6 (215/240) wanted to receive reminders for vaccinations
and antenatal care visits during pregnancy, aswell asreminders
about their children’s vaccination schedules.

More than half (120/225, 53.3%) of the participants wanted the
reminders 2 days before the scheduled date, whereas 38.2%
(86/225) preferred to receive these reminders 1 day before. Only
few respondents wanted to receive reminders on the day of
immunization (10/225, 4.4%) or 1 week before the scheduled
date (9/225, 4.0%). Voice callswere the most preferred method
to receive the reminders (188/235, 80.0% of respondents; Table
3).
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Table 4. Factors associated with perceptions about the use of mobile phones for supporting health (N=240). OR: odds ratio.

Yamin et a

Variables Can mobile phone be used to support health? Crude OR (95% Cl)  Adjusted OR (95% CI)
No Yes

Residence, n (%)

Rural 39 (32.5) 81 (67.5) 1 1

Urban 28(23.3) 92 (76.7) 1.58 (0.90-2.80) 1.22 (0.59-2.52)
Ability toread, n (%)

No 66 (36.1) 117 (63.9) 1 1

Yes 1(1.8) 56 (98.2) 3159 (4.27-233.48)  20.11 (2.61-155.15)
Owner ship of mobile phone, n (%)

No 41 (41.8) 57 (58.2) 1 1

Yes 26 (18.3) 116 (81.7) 3.21 (1.79-5.76) 2.23(1.07-4.61)
Routine use of mobile phone, n (%)

No 12 (60.0) 8(40.0) 1 1

Yes 26 (18.3) 116 (81.7) 4,50 (1.75-11.58) 2.61 (0.87-7.86)
Agegroup (years), n (%)

32 or older 43(39.8) 65 (60.2) 1 1

31 or younger 21(16.8) 104 (83.2) 3.28 (1.79-6.01) 3.32 (1.56-7.06)
Duration of use (years), mean (SD) 3.73 (1.758) 4,55 (1.971) 1.27 (1.07-1.51) 1.32(1.08-1.61)

Table 5. Factors associated with willingness to receive health information via a mobile phone (N=240). OR: odds ratio.

Variables Willing to receive health information viaamobile phone  Crude OR (95% CI)  Adjusted OR (95% Cl)
No Yes

Residence, n (%)

Rural 20(16.7) 100 (83.3) 1 1

Urban 11(9.2) 109 (90.8) 1.98 (0.91-4.34) 1.96 (0.77-5.04)
Ability toread, n (%)

No 28 (15.3) 155 (84.7) 1 1

Yes 3(5.3) 54 (94.7) 3.25(0.95-11.13) 2.25 (0.61-8.37)
Owner ship of mobile phone, n (%)

No 21 (21.4) 77 (78.6) 1 1

Yes 10 (7.0) 132 (93.0) 3.60 (1.61-8.04) 2.37 (0.95-5.93)
Routine use of a mobile phone, n (%)

No 8 (40.0) 12 (60.0) 1 1

Yes 23(10.5) 197 (89.5) 5.71 (2.12-15.42) 2.82 (0.94-8.47)
Agegroup (years), n (%)

32 or older 16 (14.8) 92 (85.2) 1 1

31 or younger 15 (12.0) 110 (88.0) 1.28(0.60-2.72) 1.02 (0.39-2.65)
Duration of use (years), mean (SD) 4.78 (2.430) 4.29 (1.886) 0.88(0.71-1.10) 0.88 (0.71-1.09)

care in the country. Currently, mHealth initiatives have been
adopted and reported to be successful in improving health
worldwide [2]. Given a high penetration rate, mobile phones
can be an effective medium for transmitting health information
to the population, particularly among vulnerable groups,

Discussion

The recent growth in mobile phone apps and the number of
mobile phone subscribers in Afghanistan provides an
opportunity for applying mobile technology to support health
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particularly women, who may have fewer opportunitiesto access
health information in general. However, the success of mHealth
initiatives may vary across different populations. Low literacy
and technical capacities are considered a barrier for mHealth
adoption [2]. It is therefore critical to understand the baseline
perceptions and needs of particular users before initiating an
mHealth program. This study explored the potential of using
mobile technology to support maternal and child health among
Afghan women.

Theliteracy rate among thewomen in our study was 24%, which
ishigher than the national literacy rate for adult females (17%)
in Afghanistan [4]. However, the national literacy rateincludes
older women, many of whom areilliterate; the target population
in our study comprised only women of a child-bearing age.
Although only half of thewomen in our sample owned amobile
phone, more than 90% of them had access to a mobile phone
and had routinely used one for an average of 4 years. Thishigh
accessibility means there is great potential in using maobile
phones as a medium for health education.

Only 20 out of 240 women in this study reported that they had
never used amabile phone. A previous study described cultural
restrictionsand lack of permission for women regarding the use
of maobile phonesin Afghanistan [5]; however, this reason was
only reported by 9 respondents in this study. The main reason
for not using a mobile phone was poverty, which was reported
by 12 women living in rural areas and 4 in urban areas.

The characteristics of mobile usage were not significantly
different between women living in rural areas and thosein urban
areas, except for ownership of a mobile phone. This may be
attributable to the common cultural and social values shared by
women in both the urban and rura areas in the province.
However, the difference in mobile phone ownership reflectsthe
socioeconomic difference between rural and urban areas.

The mgjority of our respondents were not familiar with IVR.
The effectiveness of using IVR for health education remains
uncertain according to the literature. Some studies show the
effectiveness of IVR [14], whereas others describe users
technical difficulty inusing it [15]. A study in Uganda showed
that training a target population on how to use IVR before
project implementation was possible only for small projects
[15]. For larger programs, the alternative of using SM S/voice
calls may be more effective.

Theradiois still the most used and reliable source of news and
information in Afghanistan [16], and most mobile phones can
support FM radio; more than half of our respondents use mobile
phones to listen to the radio. Women’s perceptions of mHealth
were assessed. About three quarters of the respondents
responded positively. This perception was not significantly
different between the urban and rural population, but was
significantly different for other demographic characteristics.
Theliteracy rate and ownership of amaobile phonewere strongly
associated with positive perceptions. This suggested that
improving the literacy rate may have an impact on the success
of mHealth implementation. Younger women were also more
likely to perceive usefulness of mHealth compared with older
women, consistent with a national survey conducted in Kenya
[17]. Thisislikely because younger generations are generally
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more familiar with mobile technology compared with older
people.

Majority of the participants were open to receiving health-rel ated
information on their mobile phone. This opennesswas associated
with literacy, mobile phone ownership, and routine use of mobile
phones. Literate women were 3.6 times more likely to be open
to receiving health-related information on mobile phones in
comparison with illiterate women. This suggests that mHealth
initiatives in Afghanistan could increase, as literacy rates are
improving in the country, especially among women. Very few
of our respondentswere not open to receiving such information,
and the reported reasons were mostly related to culture and
gender.

Although SMSis the globally preferred method for receiving
health-related messages|[2], our study showed different results.
Most of our respondents preferred voice calls for receiving
health-related information and medical reminders. It isobvious
that individuals with a low literacy level prefer voice calsin
comparison with SMS and/or IVR. For the effectiveness of any
mHealth initiative, it isimportant to consider the end users and
target population’s literacy level and preferred type of
communication for receiving health-related information and
medical reminders.

SMSistheglobally preferred method and it is considered to be
nonintrusive, as the receivers can read the messages at their
convenienceinstead of answering acall [2,9]. A study conducted
in Karachi, Peakistan, shows that SMS reminders were useful
for tuberculosis patients in terms of treatment adherence;
however, that study also suggested that a two-way reminder
system might better support patients in medication adherence
in low-literacy populations [18]. A study from rural areas of
Indiaalso reported that voice callswere preferred in comparison
with text messagesfor medical reminders and health promotion
messages [9]. A study conducted in Kenya also observed that
telephone call was a more preferable mode of communication
among women living in remote areas, whereas women in
nonremote areaswere likely to prefer text message astheir mode
of communication [19]. Considering thelow literacy rate among
Afghan women, voice calls should be the most effective form
of communication for an mHealth initiative. However, thismay
change if literacy rates continue to improve.

Thefrequency of health-rel ated message delivery isan important
issueto be considered while adopting mHealth initiatives. More
frequent messages may result in intervention fatigue [13]. Our
study showed that more than half of our respondents preferred
to receive messages on a weekly basis, rather than daily or
monthly.

Medica reminders can play a dignificant role in
treatment/vaccination adherence. A study in rural Kenyashowed
that mobile phone-based strategies are useful for delivering
reminders to target groups. Text message reminders can
effectively increase immunization coverage [20]. In addition,
a systematic review study documented that text messaging
increased adherence to antiretroviral therapy and smoking
cessation [21]. In this study, approximately 90% of the women
were willing to receive vaccination reminders. Unlike previous
studies, most of our respondents preferred to receive voice call
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reminders rather than text messages. More than half of our
respondents preferred to receive reminders 2 days before the
appointment date. Because some respondents live far from
health facilities, they would need to plan their visit after
receiving the reminder. According to national statistics, only
47% of Afghan children under 1 year of age receive the third
dose of the Penta lll vaccine (hepatitis B and influenza type B
vaccines are added to Diphtheria-Pertussis-Tetanus (DPT)
vaccine, and are administered in a single-dose vial) [7]. The
World Health Organization a so reported that the DPT1 to DPT3
vaccination dropout rate in Afghanistan was higher than 15%
[22]. Therefore, an mHealthinitiative for vaccination reminders,
customized for this specific target group, would be one of the
effective methods to increase vaccination coverage in the
country.

This study was conducted in one province of Afghanistan, which
may not represent al women living in the country, especially
those in very remote regions or conflict areas. In addition, our

Acknowledgments

Yamin et a
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Although the findingsin this study are encouraging in terms of
the potential benefits of adopting mHealth interventions in
Afghanistan, all the end users' concerns should be considered
and intervention designs should be contextualized according to
the target popul ation.

The authors would like to thank the staff of local public health authorities of Afghanistan for their assistance on data collection.

This study was supported by the Rockefeller Foundation.

Conflictsof Interest
None declared.

References

1.  International Telecommunication Union. 2014. The World in 2014: ICT facts and figures URL : https.//www.itu.int/en/

| TU-D/Stati stics/Documents/facts/| CT FactsFigures2014-e.pdf [accessed 2018-03-20] [WebCite Cache ID 6y3NanjeM]
2. World Health Organization. 2011. mHealth new horizons for health through mobile phones URL : http://www.who.int/goe/

publications/goe_mhealth_web.pdf [accessed 2018-03-20] [WebCite Cache ID 6y3Necu89]

3. Ministry of Communications and Information Technology, Afghanistan. 2015. Telecom's sector recent achievements URL :

10.

11.

12.

http://mhealth.jmir.org/2018/4/e76/

RenderX

http://mcit.gov.af/en/page/public-documents/6005 [accessed 2018-03-20] [WebCite Cache ID 6y3NiuM OD]

Central Statistics Office. 2012. National risk and vulnerability assessment, Afghanistan URL: http://www.af.undp.org/
content/dam/af ghanistan/docs/M D GS/NRVA %20REPORT-rev-5%202013.pdf [accessed 2018-03-20] [WebCite Cache ID
6y3Ng6I1xW]

US Agency for International Development. 2013. A survey of Afghan women's access to mobile technology URL : https:/
/www.usaid.gov/sites/defaul t/fil es’'documents/1871/survey _afghan women_mobile.pdf [accessed 2018-03-20] [WebCite
Cache |D 6y3NtG7BU]

World Health Organization. 2013. Trendsin maternal mortality URL : http://www.who.int/reproductivehealth/publications/
monitoring/maternal -mortality-2013/en/ [accessed 2018-03-20] [WebCite Cache ID 6y3NvhHA4C]

Ministry of Public Health, Afghanistan. 2014. Afghanistan Health Indicators Fact Sheet URL : http://moph.gov.af/Content/
M edia/Documents/AfghanistanHeal thi ndi catorsFactsheetFeb2014612201410261651553325325. pdf [accessed 2018-03-20]
[WebCite Cache ID 6y3NyvdCi]

World Health Organization. 2014. Maternal Mortality URL : http://www.who.int/mediacentre/factsheets/fs348/en/ [accessed
2018-03-20] [WebCite Cache ID 6y300EISy]

DeSouza SI, Rashmi MR, Vasanthi AP, Joseph SM, Rodrigues R. Mobile phones: the next step towards healthcare delivery
inrural India. PLoS One 2014 Aug;9(8):€104895 [ FREE Full text] [doi: 10.1371/journal .pone.0104895] [Medline: 25133610]
Goldenberg T, McDougal SJ, Sullivan PS, Stekler JD, Stephenson R. Preferencesfor amobile HIV prevention app for men
who have sex with men. IMIR Mhealth Uhealth 2014 Oct 29;2(4):e47 [FREE Full text] [doi: 10.2196/mhealth.3745]
[Medline: 25355249]

Kool B, Smith E, Raerino K, Ameratunga S. Perceptions of adult trauma patients on the acceptability of text messaging as
an aid to reduce harmful drinking behaviours. BM C Res Notes 2014 Jan 04;7:4 [FREE Full text] [doi: 10.1186/1756-0500-7-4]
[Medline: 24387293]

Chavan BS, Garg R, Bhargava R. Role of 24 hour telephonic helpline in delivery of mental health services. Indian JMed
Sci 2012;66(5-6):116-125. [doi: 10.4103/0019-5359.114196] [Medline: 23806984]

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 |76 | p.69
(page number not for citation purposes)


https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
http://www.webcitation.org/6y3NanjeM
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://www.who.int/goe/publications/goe_mhealth_web.pdf
http://www.webcitation.org/6y3Necu89
http://mcit.gov.af/en/page/public-documents/6005
http://www.webcitation.org/6y3NiuMOD
http://www.af.undp.org/content/dam/afghanistan/docs/MDGs/NRVA%20REPORT-rev-5%202013.pdf
http://www.af.undp.org/content/dam/afghanistan/docs/MDGs/NRVA%20REPORT-rev-5%202013.pdf
http://www.webcitation.org/6y3Nq61xW
http://www.webcitation.org/6y3Nq61xW
https://www.usaid.gov/sites/default/files/documents/1871/survey_afghan_women_mobile.pdf
https://www.usaid.gov/sites/default/files/documents/1871/survey_afghan_women_mobile.pdf
http://www.webcitation.org/6y3NtG7BU
http://www.webcitation.org/6y3NtG7BU
http://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2013/en/
http://www.who.int/reproductivehealth/publications/monitoring/maternal-mortality-2013/en/
http://www.webcitation.org/6y3NvhH4C
http://moph.gov.af/Content/Media/Documents/AfghanistanHealthIndicatorsFactsheetFeb2014612201410261651553325325.pdf
http://moph.gov.af/Content/Media/Documents/AfghanistanHealthIndicatorsFactsheetFeb2014612201410261651553325325.pdf
http://www.webcitation.org/6y3NyvdCi
http://www.who.int/mediacentre/factsheets/fs348/en/
http://www.webcitation.org/6y3O0ElSy
http://dx.plos.org/10.1371/journal.pone.0104895
http://dx.doi.org/10.1371/journal.pone.0104895
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25133610&dopt=Abstract
http://mhealth.jmir.org/2014/4/e47/
http://dx.doi.org/10.2196/mhealth.3745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25355249&dopt=Abstract
https://bmcresnotes.biomedcentral.com/articles/10.1186/1756-0500-7-4
http://dx.doi.org/10.1186/1756-0500-7-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24387293&dopt=Abstract
http://dx.doi.org/10.4103/0019-5359.114196
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23806984&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Yamin et a

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Pop-Eleches C, Thirumurthy H, Habyarimana JP, Zivin JG, Goldstein MP, de Walque D, et al. Mobile phone technol ogies
improve adherence to antiretroviral treatment in aresource-limited setting: arandomized controlled trial of text message
reminders. AIDS 2011 Mar 27;25(6):825-834 [ FREE Full text] [doi: 10.1097/QAD.0b013e32834380c1] [Medline: 21252632]
Agarwal A, Hamdallah M, Swain SN, Mukherjee S, Singh N, Mahapatra S, et al. Implementation of aconfidential helpline
for men having sex with men in India. IMIR Mhealth Uhealth 2015 Feb 11;3(1):e17 [FREE Full text] [doi:
10.2196/mhealth.3978] [Medline: 25673240]

Haberer JE, Kiwanuka J, Nansera D, Wilson IB, Bangsberg DR. Challenges in using mobile phones for collection of
antiretroviral therapy adherence datain a resource-limited setting. AIDS Behav 2010 Dec;14(6):1294-1301 [FREE Full
text] [doi: 10.1007/s10461-010-9720-1] [Medline: 20532605]

Afghanistan in 2014: A survey of the Afghan people. 2014. URL: https://asiaf oundation.org/resources/pdfs/
Afghanistanin2014final.pdf [accessed 2018-03-20] [WebCite Cache ID 6y30CmjY N]

Yepes M, Maurer J, Viswanathan B, Gedeon J, Bovet P. Potential reach of mHealth versus traditional mass mediafor
prevention of chronic diseases: evidence from a nationally representative survey in a middle-income country in Africa. J
Med Internet Res 2016;18(5):e114 [FREE Full text] [doi: 10.2196/jmir.5592] [Medline: 27207074]

Mohammed S, Siddigi O, Ali O, Habib A, Haqai F, Kausar M, et al. User engagement with and attitudes towards an
interactive SM S reminder system for patients with tuberculosis. J Telemed Telecare 2012 Oct;18(7):404-408. [doi:
10.1258/jtt.2012.120311] [Medline; 23034935]

Kazi A, Carmichael J, Hapanna G, Wangoo PG, Karanja S, WanyamaD, et al. Assessing mobile phone access and perceptions
for texting-based mHealth interventions among expectant mothers and child caregiversin remote regions of northern Kenya:
asurvey-based descriptive study. IMIR Public Health Surveill 2017;3(1):€5 [FREE Full text] [doi: 10.2196/publichealth.5386]
[Medline: 28137702]

Dini EF, Linkins RW, Sigafoos J. The impact of computer-generated messages on childhood immunization coverage. Am
JPrev Med 2000 Feb;18(2):132-139. [doi: 10.1016/S0749-3797(99)00086-0]

Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effectiveness of mobile-health technol ogy-based health
behaviour change or disease management interventions for health care consumers: a systematic review. PLoS Med 2013
Jan;10(1):€1001362 [FREE Full text] [doi: 10.1371/journal.pmed.1001362] [Medline: 23349621]

World Health Organization. 2014. Global vaccine action plan: Monitoring, Evaluation and Accountability Global Vaccine
Action Plan. URL: http://www.who.int/immunization/global_vaccine action_plan/gvap_secretariat_report_2014.pdf
[accessed 2018-03-20] [WebCite Cache ID 6y30ti T3Q]

Abbreviations

DPT: Diphtheria-Pertussis-Tetanus
IVR: interactive voice response
OR: odds ratio

SM S: short message service

Edited by G Eysenbach; submitted 27.11.17; peer-reviewed by C De Freitas-Vidal, C Hawke, J Martinez, commentsto author 10.01.18;
revised version received 11.01.18; accepted 13.01.18; published 10.04.18.

Please cite as:

Yamin F, Kaewkungwal J, Snghasivanon P, Lawpoolsri S

Women’s Perceptions of Using Mobile Phones for Maternal and Child Health Support in Afghanistan: Cross-Sectional Survey
JMIR Mhealth Uhealth 2018;6(4):e76

URL: http://mhealth.jmir.org/2018/4/e76/

doi: 10.2196/mhealth.9504

PMID: 29636317

©Faza Yamin, Jaranit Kaewkungwal, Pratap Singhasivanon, Saranath Lawpoolsri. Originally published in IMIR Mhealth and
Uhealth (http://mhealth.jmir.org), 10.04.2018. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in IMIR mhealth and uhealth, is properly cited. The complete
bibliographic information, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and license
information must be included.

http://mhealth.jmir.org/2018/4/e76/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 [e76 | p.70

RenderX

(page number not for citation purposes)


http://europepmc.org/abstract/MED/21252632
http://dx.doi.org/10.1097/QAD.0b013e32834380c1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21252632&dopt=Abstract
http://mhealth.jmir.org/2015/1/e17/
http://dx.doi.org/10.2196/mhealth.3978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25673240&dopt=Abstract
http://europepmc.org/abstract/MED/20532605
http://europepmc.org/abstract/MED/20532605
http://dx.doi.org/10.1007/s10461-010-9720-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20532605&dopt=Abstract
https://asiafoundation.org/resources/pdfs/Afghanistanin2014final.pdf
https://asiafoundation.org/resources/pdfs/Afghanistanin2014final.pdf
http://www.webcitation.org/6y3OCmjYN
http://www.jmir.org/2016/5/e114/
http://dx.doi.org/10.2196/jmir.5592
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27207074&dopt=Abstract
http://dx.doi.org/10.1258/jtt.2012.120311
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23034935&dopt=Abstract
http://publichealth.jmir.org/2017/1/e5/
http://dx.doi.org/10.2196/publichealth.5386
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28137702&dopt=Abstract
http://dx.doi.org/10.1016/S0749-3797(99)00086-0
http://dx.plos.org/10.1371/journal.pmed.1001362
http://dx.doi.org/10.1371/journal.pmed.1001362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23349621&dopt=Abstract
http://www.who.int/immunization/global_vaccine_action_plan/gvap_secretariat_report_2014.pdf
http://www.webcitation.org/6y3OtiT3Q
http://mhealth.jmir.org/2018/4/e76/
http://dx.doi.org/10.2196/mhealth.9504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29636317&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Lametal

Original Paper

Mobile Health Initiatives in Vietham: Scoping Study

Jeffrey A Lam', BA; Linh Thuy Dang?, MPH; Ngoc Tran Phan?, BA; Hue Thi Trinh? BA: Nguyen Cong Vu?, MD,
MPH; Cuong Kieu Nguyen?, PhD

1Brown University, Providence, RI, United States
2Intitute of Population, Health and Development, Hanoi, Viet Nam

Corresponding Author:

Cuong Kieu Nguyen, PhD

Institute of Population, Health and Devel opment
14th Floor, ICON 4 Building

243A De LaThanh, Lang Thuong, Dong Da
Hanoi,

Viet Nam

Phone: 84 2473000988 ext 341

Email: cuong.kieu.nguyen@phad.org

Abstract

Background: Mobile health (mHealth) offers a promising solution to the multitude of challenges the Vietnamese health system
faces, but thereis a scarcity of published information on mHealth in Vietnam.

Objective: The abjectives of this scoping study were (1) to summarize the extent, range, and nature of mHealth initiativesin
Vietnam and (2) to examine the opportunities and threats of mHealth utilization in the Vietnamese context.

Methods: This scoping study systematically identified and extracted relevant information from 20 past and current mHealth
initiatives in Vietham. The study includes multimodal information sources, including published literature, gray literature (ie,
government reports and unpublished literature), conference presentations, Web-based documents, and key informant interviews.

Results: We extracted information from 27 records from the electronic search and conducted 14 key informant interviews,
allowing ustoidentify 20 mHealth initiativesin Vietnam. M ost of theinitiativeswere primarily funded by external donors (n=15),
while other initiatives were government funded (n=1) or self-funded (n=4). A majority of the initiatives targeted vulnerable and
hard-to-reach populations (n=11), aimed to prevent the occurrence of disease (n=12), and used text messaging (short message
service, SMS) as part of their intervention (n=14). The study reveal ed that Vietnamese mHealth implementation has been challenged
by factors including features unique to the Viethamese language (n=4) and sociocultural factors (n=3).

Conclusions: Thelargest threatsto the popularity of mHealth initiatives are the absence of government policy, lack of government
interest, heavy dependence on foreign funding, and lack of technological infrastructure. Finally, while current mHealth initiatives
have aready demonstrated promising opportunities for alternative models of funding, such as socia entrepreneurship or private
business models, sustainable mHealth initiatives outside of those funded by external donors have not yet been undertaken.

(IMIR Mhealth Uhealth 2018;6(4):€106) doi:10.2196/mhealth.8639

KEYWORDS
mHealth; eHealth; mobile health; telemedicine; Vietnam; scoping review

: over one-third of all health care costsin Vietnam [4]. Thereare
Introduction severe shortages in health resources, especialy in remote
Background regions, with only 7.9 physicians per 10,000 individualsoverall

in 2014 [5] and as few as 1 per 10,000 physicians in
hard-to-reach areas [6]. These systemic challenges have
= " : encouraged the use of technology-based innovations in health
faces significant challenges. Vietnam has ahigh prevalence of - 4 particularly mHealth or “the use of mobile and wireless

communicable diseases coupled with an increase in the  eopno)agies to support the achievement of health objectives’
prevalence of noncommunicable diseases [2] and a high [7.

out-of-pocket payment rate (47% as of 2015 [3]), making up

Vietham has attained remarkable economic and hedth
achievements in recent decades [1], but the health system still
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mHealth initiatives remain unproven and many remain in early
or pilot phases [8], despite the growing attention from
researchers and policy makers as a means to confront health
challengesin low-resource settings. A 2013 review of mHealth
interventions in low- and middle-income countries found that
few mHealth initiatives were operating at scale, and there was
little evidence of forma evaluations of these initiatives [9].
Another mHealth review corroborated these findings and found
a lack of sdignificant investment in mHeath policy in
low-resource environments due to a lacking evidence base. In
the review, only, 15 out of 53 studies attempted to provide
evidence of health care metrics such asimprovementsin health
care processes or public health indicators [10]. The most
common use of mHealth in low- and middle-income countries
was phone reminders and one-way text message for follow-up
appointments, data gathering, and encouragement of healthy
behavior [9].

In Vietnam, the 2016 rate of mobile-cellular subscriptions as a
percent of the population is 131.8, equating to more than 1 cell
phone per person [11]. As of May 2017, Vietnam had about
58.9 million Internet users, which is more than half of the
population [12]. SMS text messaging (SMS, short message
service) is inexpensive and mobile phone service coverage is
wide (eg, [13,14]).

Objectives

While there are available research papers reviewing the state
of mHealth in other low and middle-income countries [15,16],
at the time of writing of this review, there were no studies
summarizing the extent of mHealth research and interventions
inVietham. mHealth isan emerging field in Vietnam, and many
of the projects are still in pilot phases or are ongoing. As more
initiatives start in Vietnam, it is necessary to standardize, share
information, and devel op a set of best practicesfor the country.
In addition, as Vietnam is in the process of revising and
rewriting itsyoung eHealth policies, it isimportant to understand
barriers and enablers to mHealth implementation. Aiming to
advance policy and practices for mHealth in Vietham, the goal
of this scoping study is twofold: (1) to summarize the extent,
range, nature, and location of mHealth initiatives in Vietham
and (2) to examine the opportunities and threats of mHealth
utilization in the Vietnamese context.

Methods

In this scoping study, we used Arksey and O’ Malley’s (2005)
[17] 5-step framework for scoping studies to retain
methodological rigor and to alow the use of multimodal
information sources, including published literature, gray
literature (ie, government reports and unpublished literature
from internal reports), conference presentations, Web-based
documents, and key informant interviews. After identifying the
study objectives (listed above), we identified relevant mHealth
initiatives through electronic search and discussions with key
stakeholders.

http://mhealth.jmir.org/2018/4/e106/

Lametd

Data Collection

Electronic Search

Electronic searches were performed to discover initiatives with
internationally and publicly available information and
publications. We conducted our literature search using the
following databases and websitess PubMed MEDLINE,
EMBASE, Cochrane Central Register of Controlled Trias
(CINAHL) PsycINFO; Medline, Academic Search Premier,
Globa Health, Web of Science, ClinicaTrias.gov, World
Health Organization clinical trials, and Google Scholar. The
first strategy searched for the combined free-text words
“mHealth” AND “Vietnam OR Viet Nam” in thetitle, abstract,
and keywords. The second strategy searched for the combined
free-text words“ mobile phone$ OR cellphone$” AND * health”
AND “Vietnam OR Viet Nam” in the title, abstract, and
keywords. Search terms were limited to English words. The
searches were initially completed by 2 authors (JL and LD) in
January 2017 and were repeated in January 2018 upon revision
of the manuscript. Duplicate records were removed, and 2
authors independently screened remaining records’ abstracts
before proceeding to the full texts to decide for inclusion,
classification, and further investigation. The criteriafor arecord
study inclusion were if the record described an initiative that
(2) utilized mobile technology in a health-related capacity and
(2) was based in Vietnam.

Key Informant I nterviews

To minimize publication bias, key informant interviews were
performed after the electronic search to collect data from
unpublished work or initiatives with information not publicly
available [18]. After the electronic search was completed and
relevant mHealth initiatives identified, we requested to speak
to representatives from each of the initiatives, aiming to obtain
initiative-specific information that was not publicly available.
Additional interviews were also conducted with other key
stakeholders in relevant government organizations such as the
Vietnam Ministry of Health, nongovernmental organizations,
private organizations, and key actors and researchers at leading
health scienceinstitutions such asthe Hanoi University of Public
Health and Hanoi Medical University. The goal of these
additional interviews was to discover and collect information
from other unpublished initiatives. All interviews were
conducted using a semistructured format in either English or
Vietnamese, with the questions left intentionally open-ended
as to not limit the emergence of any mHealth themes. All
interviewees were asked if they knew of other mHealth
initiatives in Vietham, lessening the chance of undiscovered
initiatives. All interviewees verbally consented to being
interviewed, and all interviews were recorded.

Initiative Data Analysis and Extraction

Datawere charted concurrently asthe electronic search and the
initiative-specific interviews. Aswe received information from
the initiatives, we used an integrative processto create alist of
variables, which were continuously updated based onincoming
information. The definitions of the extracted variables were
agreed on by 2 authors (JL, CN). Inal, 3 authors (JL, NP, and
HT) independently extracted all relevant information from all
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available sources, including electronic search articles and
initiative leader interviews recordings.

Thefinal data collection form, consisting of datafrom both the
electronic search and key informant interviews, included project
description, type of data sources, intervention period, stage of
project, continuity status of project, mHealth domain, disease
area, targeted population group, type of the primary funding
source, and project implementation location, as summarized in
the Multimedia Appendix 1. Stage of theinitiativewas classified
as either ongoing or completed, defined by the project being
finished within their intended primary data collection period.
Initiatives classified as completed initiatives were then
categorized into continuing or noncontinuing initiatives, defined
as still actively using the technology and infrastructure built
during the initiative to recruit more participants. The mHealth
domain was classified based on the 2015 International
Telecommunication Union M-Powering Devel opment Initiative
document [19]. The broad groupsincluded solutions acrossthe
patient pathway (prevention, diagnosis, treatment, monitoring)
and health care systems strengthening (emergency response,
health care practitioner support, health care surveillance, and
health care administration). The provisioning technol ogies used
were classified into the following groups: SMS, voice-based
technology, app, Web-app, video-telephony, and other
functionalities. Disease areas (ie, heart disease, HIV/AIDS) and
population groups (ie, health care providers, migrant women)
were broadly categorized into the specific disease and popul ation
group the initiative targeted. Finally, primary funding source
was classified by initiatives' main source of funding.

Thematic Data Analysisfor Key I nformant I nterviews

The thematic data analysis in this study involved a multistage
process to develop and refine a codebook using information
from the semistructured interviews with all key informants,
including the initiative-specific leaders and other stakehol ders.
We used Young et a’s (2014) study on the development and
refinement of a codebook to guide the analysis [20]. The first
stage focused on familiarization with the data by listening and
independently taking notes from the recordings. Thereafter, 2
authors (JL and CN) created an initial list of possible codesand
definitions for these codes.

In the second stage, 3 authors (JL, NP, and HT) independently
extracted comments from the semistructured interviews and
classified all meaningful segments into these codes. We aimed
to limit interpretation at this stage. Extractors were encouraged
to refine the codebook, and inconsistencies in extraction were
discussed with all extractors at the completion of this stage. We
did not consider data saturation, aswe aimed to capture asmuch
data as possible by interviewing all relevant stakeholders we
were able to find in Vietnam.

Inall, 2 authors (JL and CN) collated the information and used
thematic analysis techniques [21] to iteratively create the final
codebook, which included themes relating to Vietnamese
sociocultural factors, technological factors, and collaboration
factors. Finaly, initiative leaders who were interviewed were
sent a draft of the paper in May 2017, with the opportunity to
review and suggest edits.

http://mhealth.jmir.org/2018/4/e106/
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Results

Data Sour ces Overview

The initial electronic database search retrieved 128 records.
After duplication removal and screening, 27 records met
inclusion criteria, which were sorted into 10 initiatives (Initiative
#1,4,6,7,10,11, 13, 16, 17, and 20). Of these 27 records, there
were 12 research papers [13,14,22-31], 8 conference
presentations [32-39], 2 Vietnamese governmental documents
[40,41], 2 graduate dissertations[42,43], 2 case studies[44,45],
and 1 project technical report [46].

A total of 14 interviewswere conducted, inwhich 12 interviews
were related to one or more of the initiatives and contributed
to 10 more initiatives (Initiative #2, 3, 5, 8, 9, 12, 14, 15, 18,
and 19). The other 2 interviews were conducted with relevant
stakeholders providing an overview of mHealth in Vietnam. A
total of 6 conference abstracts, which were not available
publicly, were additionally provided by the mHealth initiative
leaders [47-52].

Stage, Continuity, and Funding

Five (Initiative #3, 5, 10, 12, and 19) out of the 20 initiatives
were ongoing at the time of data collection, although one of
these ongoing initiatives had aready analyzed preliminary
results (Initiative n#10). A total of 15 initiatives (Initiative #1,
2,4,6,7,8,9 11, 13, 14, 15, 16, 17, 18, and 20) were already
completed.

Out of these 15 initiatives completed with their intended primary
research and data collection period, 4 (Initiative #1, 9, 11, and
13) were continuing to use the materials, infrastructure, and
technology created during their initiatives to engage with their
end users at the time of our data collection. Two initiatives
(Initiative #2 and 16) were not considered for continuity, asthe
goal was to examine feasibility and not to create sustainable
initiatives. No information could be collected about the
sustainability of 2 initiatives (Initiative #17 and 20), and the
remaining 7 initiatives (Initiative #4, 6, 7, 8, 14, 15, and 18)
were considered not continuing.

Two initiatives directly cited budgeting constraints and
difficulties seeking out funding asaprimary challenge (Initiative
#9 and 18). A total of 4 initiatives stated failure to find funding
as one of the primary causes for the initiative's discontinuation
(Initiative #6, 14, 16, and 17).

A vast majority of initiatives (n=15) were funded by external
donors (Initiative #2, 3,4, 5,7, 8, 9, 11, 12, 13, 16, 17, 18, 19,
and 20). In all, 4 initiatives were self-funded (Initiative #6, 10,
14, 15), and one was government funded (Initiative #1).

mHealth Servicesin Vietham

On thebasisof the 2015 International Telecommunication Union
(ITU) categorizations of mHealth, a mgjority of the initiatives
(n=12) had some component of prevention or raising awareness
and encouraging participants to adopt healthier behaviors
(Initiative #3, 4, 5, 6, 7, 8, 9, 11, 13, 15, 17, and 18). For
example, one of the first initiatives carried out in Vietnam in
2010 piloted the use of SMSin order to increase general health
education for ethnic minority populations. This initiative
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reported an increase in self-reported positive health behaviors
for the participants after the initiative, including adoption of
safer sexua practices and quitting smoking (Initiative #7).
Another initiative, carried out by the Hanoi University of Public
Health, provided sexual and reproductive health services for
female migrant workersvia SM S and afree counseling hotline,
which were demonstrated to increase women's health knowledge
(Initiative #17). Similar to these 2 initiatives, other initiatives
classified in the prevention domain attempted to prevent disease
by using various mHealth technologies to facilitate the
dissemination of health information.

Health practitioner support or intelligent decision support
systems for diagnosis, treatment, information lookup, or
information dissemination, was a component of 8 initiatives
(Initiative #1, 2, 3, 5, 6, 11, 13, and 16). For example, 2
initiatives sent SMS with the aim of improving the health
knowledge of health practitioners (Initiative #2 and 16);
however, the one completed initiative did not show increases
in health knowledge post intervention (Initiative #16). The
Government of Vietnam (GVN) started an initiative to build
capacity for provincial satellite hospitals across the country
utilizing telemedicinetechnology (Initiative#1). Other initiatives
facilitated case management for health practitioners by allowing
them easier access to information such asimmunization records
via a Web application in real time (Initiative #11) and case
management support via SM S notifications (Initiative #13).

To address challenges in maintaining continual and consistent
care to patients, 4 initiatives assisted with treatment aiming to
improve medical adherence (Initiative#3, 14, 19, and 20). These
4 initiatives targeted tuberculosis (TB) medication adherence
(Initiative #3), general medical adherence (Initiative #14), and
antiretroviral therapy adherence (Initiative #19 and 20).

In al, 2 initiatives assisted with monitoring, which includes
identifying illnesses and tracking vital changes in health
parameters (Initiative #9 and 10). One initiative piloted the use
of a mobile electrocardiogram (ECG) to alow heart disease
patients a method to monitor their heart’s activity in real time
outside of the hospital setting (Initiative#10). Another initiative
conducted by the Center for Creative Initiatives in Health and
Population developed a Web application for individuals with
autism spectrum disorder (ASD), which has allowed parentsto
screen for ASD at an earlier phase and has used questionnaires
for the parents to monitor the child’s progress (Initiative #9).

Finaly, 2 initiatives displayed components of heath
surveillance, or the timely collection or transmission of
health-data to bridge gaps between the commune, district,
provincial, and national levels (Initiative #4 and 11). For
example, a disease surveillance mHealth initiative aimed to
upgrade an antiquated paper-based tracking system to help
provide the GVN timely infectious disease statistics (Initiative
#4). An immunization registration system also allowed health
managers at higher health care levels to generate reports and
plan immunization campaigns, reporting to save the Viethamese
government money by improving the old paper-based system
(Initiative #11).

http://mhealth.jmir.org/2018/4/e106/
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Disease Areas and Populations Tar geted

A magjority of the initiatives (n=11) targeted disease areas
associated with vulnerable and hard-to-reach populations.
Materna and reproductive health was the primary target of 4
of the initiatives. The end users for 2 of these initiatives were
female migrants (Initiative #6 and 17), and the other 2 were
ethnic minority women (Initiative #12 and 13). While 2 more
initiatives addressed women and their children, 1 focused on
infectious disease (Initiative #11), and the other targeted early
ASD screening and tracking (Initiative #9). A total of 4
initi atives aimed to support treatment and care of personsliving
with HIV, with one of the initiatives focusing on adolescents
living with HIV (Initiative #19) and one targeting peopleliving
with HIV (Initiative #20), and the remaining 2 initiatives
targeting key affected populations (Initiative #8 and 18). Finally,
one initiative targeted a nonspecific disease area, but the target
population was ethnic minorities (Initiative #7).

There were 6 initiatives that did not specifically target a
particular disease area. As mentioned above, one initiative
targeted ethnic minorities (Initiative #7), 2 targeted nonspecific
populations (Initiative #14 and 15), while the remaining 3
initiatives targeted health care providers (Initiative #1, 2, and
16), which aimed to build the overall capacity of the health care
system. Additionally, there were 2 initiatives that addressed
heart disease, both aiming to target those with high heart disease
risk (Initiative #5 and 10). The last 2 initiatives were related to
TB, with the end users being TB patients (Initiative #3) and
infectious disease, with the end users being health care
practitioners (Initiative #4). Overall, the end users of the
mHealthinitiative for 4 initiativeswere health care practitioners,
while the primary end users for the other 16 initiatives were
aiming to create solutions across the patient pathway.

Provisioning Technology

A few mHealth initiatives integrated multiple components of
technology into their initiative, with 5 initiatives using more
than one type of provisioning technology (Initiative #7, 8, 14,
17, and 19). The most popular provisioning technology in
Vietnam was SM S, with 14 initiativesusing SMSin someform
(Initiative #2, 3,4, 5, 6, 7, 8, 11, 13, 14, 16, 17, 18, and 19). In
all, 6 initiatives used a Web application (Initiative #2, 3, 5, 9,
11, and 18), and 5 initiatives integrated voice calling into their
projects (Initiative #7, 8, 14, 17, and 19). Video telephony
(Initiative #1), mobile projectors (Initiative #15), mobile ECG
device (Initiative#10), flashing light and sound remindersfrom
pill bottle (Initiative #19), mobile phone app (Initiative #20),
and tablet app (Initiative #12) were each used in one of the
initiatives.

Vietnamese and Sociocultural Factors

Key informants from 6 initiatives cited high mobile phone
penetration (Initiative #4, 5, 13, 14, 17, and 18) as a strength of
mHealth utilization in the Vietnamese context, while 7 key
informants indicated strong potential to reach vulnerable
participants as a strength (Initiative #2, 3, 6, 9, 14, 16, and 17).
For example, the Hanoi University of Public Health conducted
an mHeadlth initiative capable of reaching vulnerable migrant
workers outside of normal working hours (Initiative #17).
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Multiple sociocultural factors challenged the initiatives. Key
informants from 2 initiatives indicated that Viethamese family
structure and cell phone sharing practices prevented SMSfrom
reaching the targeted individuals (Initiatives #13 and 16). One
key informant noted participants are morewilling to use mobile
technol ogy than face-to-face meetingsfor taboo topics (Initiative
#17). However, another key informant noted the use of mobile
technology made participants more worried of the disclosure
of confidential information (Initiative #14).

Another challenge to mHealth in Vietnam pertains to the
numerous languages and dialects. Interviewees stated many of
the individuals with the worst health outcomes do not speak
Vietnamese, causing challenges for the initiatives targeting
these non-Vietnamese speaking populations. Two initiatives
tranglated their initiative material to ethnic minority languages
(Initiative #7 and 12). Key informants from 2 initiatives stated
diacritic marks used in the Vietnamese language presented a
challengefor initiatives utilizing SM'S, as many phones cannot
correctly format these diacritic marks (Initiative #13 and 16).
Consequently, initiatives commonly neglected the diacritic
marks, which one initiative stated caused challenges for some
participants who had trouble reading the SM S (Initiative #13).

Technological Factors

I nterviewees noted the strengths of mHealth technology across
multiple domainswithin the health care system. From aresearch
perspective, 3 interviewees stated technological systems
facilitated researchers in managing systems by capturing more
and higher quality data (Initiative #6, 9, and 11). Interviewees
stated they thought mHealth led to improved management of
patients and customizability of treatment (Initiative #13 and
19). For example, a project sending informational SMSs to
mothers provided customized information to their participants
based on the mothers' current stage of motherhood (Initiative
#13).

From a provider perspective, 3 initiatives noted that mHealth
facilitated the tracking and management of patients, thereby
saving man-hours in a human resource—deficient setting
(Initiative #3, 15, and 18). However, one initiative pointed out
mHealth may subsequently shift the burden of work from one
human health resource to another. For example, an initiative
aiming to distribute medical education texts to physician’'s
assistants noted the educational texts had to be generated by 6
health students in the United States and later reviewed by the
principal investigator, requiring a significant amount of time
from highly educated staff (Initiative #16).

Lack of technological infrastructure and technological glitches
challenged mHealth initiatives. One initiative encountered
technical difficulties with their toll-free number as a result of
lack of connectivity between different service providers
(Initiative #11). Another initiative reported participants were
not familiar using toll-free numbers, as userswere worried they
would be charged for the calls (Initiative #7). One mHealth
initiative struggled to retain and follow participants through the
mHealth intervention period due to the tendency of Vietnamese
users to use multiple numbersto call and text as aresult of the
cheap promotiona SIM cards available in Vietnam (Initiative
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#17). Technological glitcheswere mentioned as a challengefor
3initiatives (Initiative #2, 9, and 16).

Collaboration Factors

Initiatives had difficulty finding the appropriate technological
collaborators. One initiative mentioned difficulty finding a
technological consultant appropriately meeting their
requirements. As aresult, this initiative had to work remotely
with a technological team, which created communication
challenges (Initiative #14). Oneinitiative hired an out-of-house
technological team, which led to delays, misunderstandings,
and even errors due to language differences (Initiative #9).

In al, 4 initiatives cited governmental procedures and
bureaucracy as a barrier to mHealth utilization (Initiative #2,
14, 15, and 19). Instead of directly approaching the national
government, previous initiatives have primarily partnered with
the local government in order to bypass the lengthier process
required to work with the GVN (Initiative #13). In addition, 4
initiatives noted that it was crucial for project managersto build
strong relationships with the GVN and advocate for their
mHealth initiatives in order to increase the chances of
sustainability (Initiative #4, 5, 11, and 13).

Discussion

Challengesto Future | mplementation

Vietnam is becoming an increasingly technologically driven
and connected society with approximately 1.3 mobile
subscriptions per person. Even though many initiatives touted
mobile phone penetration as an advantage of mHealth use in
Vietnam, mobile penetration is only 65%, meaning a majority
of the population owns multiple phone numbers, while 35% of
the population does not own a cell phone [53]. While
stakehol ders believe mHealth may have the potential to reduce
disparity in the Viethamese health care system, there are till
populations out of the reach of mHealth. While someinitiatives
cited high or low acceptability, few initiativesformally evaluated
the end user acceptability.

Funding and sustainability are major barriersto future mHealth
initiatives. Many of the interviewees reported financial
challenges, and only 4 out of 15 completed initiatives were
considered continuing initiatives. The high percentage of
external funding will challenge future initiatives, as after
external funds are utilized the technological systems built still
need to be continually monitored and upgraded in accordance
with the changing needs of the end users. Initiativesin Vietnam
are dependent on monetary constraints. Finally, there is alack
of evidence on the sustainability of these initiatives outside of
the intervention context, as many of the initiatives incentivize
their participants to use the mobile technology.

Technologically, mHealth in Vietham had similar strengthsand
weaknessesidentified in reviews of mHealth utilization in other
developing countries [16]. Technological infrastructure was a
barrier for previous initiatives and will likely challenge future
initiatives until sufficient infrastructure is constructed.
Technological infrastructure is dependent on the initiative
location. Many health clinics, particularly at the communelevel,
still do not have Internet connections or computers, which limits
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the expansion of successful projects to locations with the
capacity to support these initiatives. The Vietnamese system
has yet to standardize data information, making it difficult for
mHealth initiativesto integrate its datawith the existing system.
Therefore, previous initiatives have had to build their
technological systems from the ground up. Another
technological barrier not mentioned by intervieweeswas patient
privacy and protection. While more mHealth initiatives in the
world are moving toward SM S encryption for increased patient
protection [54,55], Vietnamese initiatives did not mention cell
phone and SMS encryption, which likely are till at their early
stages of development in Vietnam.

Multiple initiatives indicated governmental procedures and
bureaucracy were barriers to mHealth utilization. To date, the
GVN has shown little intention to foster a legidative
environment conducive to mHealth initiatives. In 2010, the
prime minister approved an information technology Master Plan
aiming to “transform Vietham into an advanced ICT country
by 2020" [56]. The GV N aimsto improveinfrastructure, human
resources, and access related to information communication
technology; the GVN has current plans to build a nationa
eHealth architecture and data standards [42].

Despite these ambitions, there is currently still no information
technology framework or electronic medical record
standardization in Vietnam, which creates discontinuous care
and difficulty for mHealth initiatives to connect to existing
health datawithin the existing infrastructure. Whilethis Master
Plan gave ageneral framework for the advancement of eHealth
in Vietnam, there is no current legislation relating to mHealth
or data security, with the only related policy document having
general statements about technical standards for government
agencies and one line defining Web-based health activity
[57-59].

Thus far, the GV N has focused their efforts on eHealth, or the
use of information and communication technologies for health
[6Q], on telemedicine, or the delivery of health care services
using communication technology [61]. In 2013, the Ministry
of Health passed a decision creating telemedicine networks
aiming to train providers in more rural hospitals. As of 2017,
the 3 largest telemedicine systemsbuilt in Vietnam are the Viet
Duc Hospital with 6 satellites, Bach Ma Hospital with 9
satellites, and 108 Military Central Hospital with 8 satellites
[62]. Other than thistelemedicineinitiative, the GVN has shown
little support for mHealth initiatives through implementation
of their own mHealth projects or through the funding of other
projects.

The lack of support from the GVN can be understood, as there
are competing health care prioritiesand lack of astrong mHealth
evidence base. First, the GV N ischallenged by an overburdened
health care system, creating many competing health care
priorities, which isthe largest barrier to mHealth implementation
worldwide [7]. An interview with an employee from the
Department of Information Technology of the Ministry of Health
stated the current focus for the near future isto write, regulate,
and standardize medical records; GVN currently has a pilot
project to standardize electronic clinical documents but no
imminent plans to support mHealth. Second, the GVN likely
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does not see any concrete evidence about the effectiveness of
mHealth initiatives in Vietnam. Thus far, there is a lack of
successful mHealthinitiativesin Vietnam, with even the largest
of projects failing to reach a scale-up phase due to lack of
funding and support.

A lack in mHealth investment is likely part of the GVN's
informal strategy of risk reduction, as they would prefer more
rigorous evidence before investing time and money into the
field. While some initiatives have attempted to publish results
and engage with the GVN, most initiatives have not prioritized
information dissemination, as evidenced by thelack of published
mHealth results in Vietnam. To date, mHealth initiatives in
Vietnam are sporadic and disjointed. There are no current
mHealth networks, workshops, or conferences where mHealth
stakeholders may share best practices. To the best of our
knowledge, the only educational institution working on training
individuals for the future of eHealth and mHealth in Vietnam
isthe Hanoi University of Public Health, which offersan option
for studentsto receive abachelor’s degree in public health with
aspecialization in Health Informatics.

Future Opportunities

While the government has not actively promoted the use of
mHealth initiatives, the GVN is not inherently opposed to
mHealth utilization. The government seems to be willing to
engage with mHealth initiatives, evidenced by the GVN's
previous participation in advisory committees, result
dissemination conferences, and examination of previous
initiative results. In order to encourage governmental
involvement, initiatives must share their results with each other
and the GVN, which may encourage the GVN to fund the
scale-up of current initiatives.

As technological infrastructure builds, the Viethamese health
care systemimproves, and pricesfor thesetechnol ogies continue
to decrease, the GV N might turn more of its attention to mHealth
initiatives. In addition, the GVN has consistently supported
telemedicine projects. In the future, to ensure the sustainability
of mHedlth initiatives in Vietham, more projects must be
catalyzed from within the government and from local
organizations, as opposed to foreign donors.

Collaboration was an important aspect of mHealth initiatives.
Some initiatives were able to bring together expertise from
diverse fields. A byproduct of having diverse actors with
expertise in different fields was the potential for capacity
improvement, especialy for the locations that the initiatives
piloted their projects. Even if the initiative was not sustained
for a long period of time, the intervention period often
introduced new resources to the local community. In future, it
will be important to maintain collaboration between diverse
actors.

Finally, there has already been evidence of mHealth initiatives
in Vietnam adopting alternative financing models. For example,
one study examined the feasibility and willingness-to-pay for
an mHealth-based antiretroviral adherence support system,
finding patients who would be willing to pay for these services
[63]. Other previous initiatives have attempted to make
businesses out of their mobile technology, hoping to rai se capital
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inorder to create asustainableinitiative. While current mHealth
initiatives have already demonstrated promising opportunities
for aternative models of funding, such as socid
entrepreneurship or private business models, there have yet to
be sustainable mHealth initiatives outside of those funded by
externa donors. Astechnology improves and evidenceincreases,
therewill be many more opportunitiesfor smaller organizations
tothrivein therapidly growing Vietnamese health care system.

Limitations

Our study has several limitations. Information analyzed in this
study was limited to the information available to the authors.
Therewereinitiativesthat we were unable to obtain information
about, and there were likely smaller initiatives that were not
discovered by our search methodology. As we were in the
process of writing and revising the paper, new initiatives started,
and more results were likely published after our primary data
collection period. The openness and accessibility of key
informants differed, and the qualitative results were based on
opinions of key informants. Finaly, the methodology used
cannot provide results about mHealth’s acceptability or ability
to provision higher quality carein Vietnam.

Lametd

Conclusions

These results provide important insights that are unique to
Vietnam but have broad implications for mHealth worldwide.
Our findings suggest the largest advantage of mHealth in
Vietnam is its ability to reach hard-to-reach populations and
vulnerable groups. On the other hand, mHealth implementation
in Vietnam has been challenged by factors including diacritic
marks in the Vietnamese language, a significant portion (35%)
of the total population lacking cell phone ownership,
sociocultural factors relating to privacy, and lack of
technological infrastructure. Looking toward the future, the
biggest threatsto mHealth in Vietham arerel ated to the absence
of government policy, uncertainty of government support, and
heavy dependence on foreign funding. In conclusion, while
current mHealth initiatives have al ready demonstrated promising
opportunities for alternative models of funding, such as social
entrepreneurship or private business models, sustainable
mHealth initiatives outside of those funded by external donors
are yet to be undertaken. mHealth is an emerging field in
Vietnam and should be more rigorously studied in order to
examine its effectiveness and guide future mHealth initiatives.
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Abstract

Background: The smartphone-based whole slide imaging (WSI) system represents a low-cost and effective alternative to
automatic scanners for telepathology. In a previous study, the development of one such solution, named scalable whole dide
imaging (swWSl), was presented and analyzed. A clinical evaluation of its iOS version with 100 frozen section samples verified
the diagnosis-readiness of the produced virtual slides.

Objective: The first aim of this study was to delve into the quantifying issues encountered in the development of an Android
version. It should also provide insights into future high-resolution real-time feedback medical imaging apps on Android and
invoke the awareness of smartphone manufacturers for collaboration. The second aim of this study was to further verify the
clinical value of SWSI with cytology samples. This type is different from the frozen section samples in that they require finer
detail on the cellular level.

Methods: During sWSI development on Android, it was discovered that many models do not support uncompressed camera
pixel datawith sufficient resolution and full field of view. The proportion of models supporting the optimal format was estimated
in atest on 200 mainstream Android models. Other factors, including slower processing speed and camera preview freezing, also
led to inferior performance of sWSI on Android compared with the iOS version. The processing speed was mostly determined
by the central processing unit frequency in theory, and the relationship was investigated in the 200-model simulation experiment
with physical devices. The camerapreview freezing was caused by the lag between triggering photo capture and resuming preview.
Intheclinical evaluation, 100 ThinPrep cytology test samples covering 6 diseases were scanned with SWSI and compared against
the ground truth of optical microscopy.

Results: Among the tested Android models, only 3.0% (6/200) provided an optimal data format, meeting all criteria of quality
and efficiency. The image-processing speed demonstrated a positive relationship with the central processing unit frequency but
to asmaller degree than expected and was highly model-dependent. The virtual dlides produced by swSI on Android and iOS of
ThinPrep cytology test samples achieved similar high quality. Using optical microscopy as the ground truth, pathol ogists made
acorrect diagnosis on 87.5% (175/200) of the caseswith sSWSI virtual slides. Depending on the sWSI version and the pathol ogist
in charge, the kappa value varied between .70 and .82. All participating pathol ogists considered the quality of the swSl virtual
didesin the experiment to be adequate for routine usage.
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Conclusions: Limited by hardware and operating system support, the performance of SWSI on mainstream Android smartphones
did not fully match theiOS version. However, in practice, this difference was not significant, and both were adequate for digitizing

most of the sample types for telepathology consultation.

(JMIR Mhealth Uhealth 2018;6(4):€82) doi:10.2196/mheslth.9518

KEYWORDS

mobile health; image processing; cloud computing; whole slide imaging

Introduction

With the data quality and speed improvements of automated
microscopes and whole slide scanners[1,2], telepathology has
become a major component in pathology labs [3,4]. Providing
remoteinterpretation of digitized microscopicimagesand virtua
wholedlides, it allows diagnosiswithout physical transportation
of samplesbut just datatransfer over theinternet. Telepathol ogy
not only greatly reduces the financial and time cost but also
improves the availability and accessibility of priceless expert
resources [5,6].

The reliability and practical value of virtual slides compared
with thetraditional glassversion have been extensively assessed
and recognized [7-9]. However, the high financial cost of whole
dide imaging (WSI) solutions, and especially the up-front
portion, has not seen a significant reduction after years of
maturity, limiting its penetration into devel oping countries and
regions or remote hospitalsin the developed world [10-12]. As
supplementsfor these situations, where limited manual operating
is preferred over expensive automation, manual and low-cost
alternatives of automated WS| have been studied and developed
[13,14].

Ideally, utilizing tools that have been previously available to
pathologists would reduce the cost of accessing WSI to its
lowest and not require much operational training. Previously,
we reported the devel opment and clinical evaluation with frozen
section samples of one such solution named scalable whole
dideimaging (SWSl), aWSI system on smartphones[15]. With
a mainstream smartphone mounted on the eyepiece of any
optical microscope, a pathologist can scan the whole slide into
avirtual copy by simply operating the microscope following
this normal examination procedure. The image quality, based
on the clinical evaluation results, is considered on par with
high-end whole dlide scannersfor most tissue types, as assessed
by senior pathologists, and its speed has been proven to be
adequate for general applications.

However, the potential and assessment of smartphone-powered
WS has not yet been fully explored. On the one hand, the
previous clinical evaluation was limited to working with the
cryosection. Little evidence and discussion exists on the
challenge of manually scanning frozen section samples
compared with other types, although they have been considered
among the most difficult for automatic scanners due to the
unevenness and folding. On the other hand, during
approximately 10 months of a public beta test in China, less
than 10% of the approximately 2000 SWSI users selected the
previoudly reported iOS version, reflecting Android’sdominance
in developing markets and the practical value of SWSI on

http://mhealth.jmir.org/2018/4/e82/

Android. Thisversion, which possessed very different hardware
and software configurations compared with the iOS one, is
worth its own discussion and evaluation.

Cytology, the branch of pathology that studies and diagnoses
diseases on the cellular level [16], introduces different types of
challengesin the digitization revolution compared with its sister
area of histopathology, which studies tissues and commonly
employs cryosections for sample preparation [17-19]. Because
cells are obviously smaller than the tissues that they compose,
higher magnification power is required for their examination
[20-23]. Consequently, the obstacles in scanning cytology
samplesthrough microscopeswith smartphonesinclude astricter
requirement of image quality, more frequent adjustment of the
z-axisfor focus, and varied image patterns. These characteristics
make cytology samples agood test bench for afollow-up study
of the clinical performance of sWSl.

In this paper, the development of sSWSI on Android is reported,
following up on the previous research and development of its
simpler iOS version. Thediscussion and testsfocused on camera
data format optimization and factors limiting processing speed
and user experience, particularly the effect of theoretical central
processing unit (CPU) performance on processing speed.
Emerging from model-specific hardware and firmware
characteristics, and varying greatly among the hundreds of
main-stream Android models, these issues can be common in
developing medical imaging apps on Android with high image
resolution, heavy computation, and real-time feedback. They
arelikely on an unavoidabl e path to the future of mobile health
care, which is extending into image-based and artificial
intelligence—powered apps. These results and discussion may
provide future developers with precaution and guidance and
draw the attention of hardware manufactures. On the clinical
side, a follow-up clinical evaluation of SWSI scanning the
ThinPrep Papanicolaou test samples was conducted and
reported.

Methods

Review of the System Architecture, Core Algorithms,
and Evaluation Results of Scalable Whole Slide
Imaging on iOS

The sWSI solution isdesigned to provide aff ordable whole dide
scanning service by leveraging existing optical microscopes
with computer vision algorithms and universal availability of
smartphones. The physica setup involvesinstalling smartphones
onto microscopes and aligning the cameras with the eyepieces,
such as the one with a 3D-printed adaptor (demonstrated in
Figure 1). During a scan, the user manually operates the
microscope, whereas the SWSI app utilizesthe image capturing
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functionality and just-enough computing power of smartphones
to capture high-resol ution images, process with approximation,
and give smooth real-time feedback. Most of the computation
burden is transferred to high-performance remote servers
asynchronously, and the gigapixel virtual slides can be viewed
with internet browsers, similar to digital maps. The simplified
SWSI solution structureisillustrated in Figure 2.

There are 3 major algorithms that are designed to implement
this 2-stage distributed computation model. First, an algorithm
based on Speeded Up Robust Features key point detection and
matching [24] tracks the location of the current field of view
by stitching it with the last one to obtain and accumulate the
relative movement. This is performed with down-sampled
imagesto trade spatia accuracy for temporal efficiency. Second,
the high-resolution field of views are transferred to cloud servers
and restitched at full resolution for maximal accuracy. The
stitching parameters of the down-sampled copies are then used

Figurel. Typical hardware setup (left) and user interface (right).

Figure 2. Simplified scalable whole slide imaging solution structure.
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to ensure restitching success. Finaly, the highly nonlinear
distortions introduced by smartphone camera lenses are
corrected on-the-fly by solving ahigh-order polynomia model
and projecting the images reversely. The model parameters are
estimated from the matched key point pairs.

In the previous clinical evaluation, 100 frozen section dlides
were scanned with 20x objectivesinto virtual slideswith sWSl
on i0S, and examined by pathol ogists of the Pathology Center,
Shanghai General Hospital/Faculty of Basic Medicine at the
School of Medicine of Shanghai Jiao Tong University
(SJTU-SMPC). The respective sample-wise diagnostic
accuracies, using optical microscopy diagnosis by senior
pathol ogists as the ground truth, were .78, .88, .68, and .50 for
breast, uterine corpus, thyroid, and lung samples, respectively.
The overall image quality is regarded by participating
pathol ogists as generally on par with high-end scanners and not
affecting diagnosis in most cases.
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Figure 3. Image capturing and processing workflow on iOS (left) and Android (right). Computation-heavy steps are marked in red and lighter steps

are marked in green.
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Optimizing CameraData Format for High-Resolution
Imaging on Android

In contrast to the proprietary iOS system on iPhones, Android
isan open-source operating system that can not only be modified
to agreat extent but also operate on awide variety of hardware
beyond smartphones. On the positive side, this leads to a far
greater number of smartphone models running Android differing
in hardware specifications. Some models have retail prices of
lessthan US $100, yet they are theoretically capable of running
the same software apps on the flagship gadgets. This diversity
greatly extends the user base of smartphones, specifically in
devel oping countries, paving theway for the worldwide delivery
of eHealth services.

On the negative side, the diversity posts significant design and
engineering challenges, leading to higher development costs
and occasionaly limiting functionality. On the Android
platform, the software apps need to adapt to the operating system
environment and functionality at runtime. The large Android
operating system family follows baseline specifications as
defined by each version of Android software devel opment kit,
and they can have very different implementations and
characteristics. In addition, manufacturers may keep the most
efficient but private application programming interfaces to be
only accessible to software that are bundled with operating
systemsto lock customers into their service ecosystem.
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As a hardware- and firmware-dependent component, camera
driversin Android areimplemented in native code and are only
indirectly accessible dynamically via public application
programming interfaces. As opposed to the iOS system, where
all predefined data formats are usable, Android requires a
determination of their availability at runtime. As of Android
software development kit version 25, the only mandated
implementation of data format for photo capturing is JPEG, a
compressed and not directly processableformat. Because SWSI
requiresreal-time processing of each captured view to track the
positioning and providesinstant feedback to users, being forced
to process such a compressed data format leads to additional
computationally expensive compression-decompression steps
in the workflow and dramatically increases overhead, as
demonstrated in Figure 3.

One intuitive aternative is to confirm whether the operating
system offers pixel data in YUV or red-green-blue (RGB)
format, which can be directly processed, in order to select a
shorter workflow similar to iOS. Unfortunately, among the 200
popular Android models tested during the development, few
model s support this approach, and theissuefalsinto one of the
following 3 categories. In the first group, aternative formats
are denied outright on some models. Among the second group,
direct pixel dataformats are provided but only with inadequate
resolution [24]. Finally, where sufficiently high resolution is
available, the images are often trimmed down horizontally to
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an aspect ratio of 16:9 compared with the standard 16:12 ratio,
most likely intended for recording high-definition video only.
For capturing photos, this would significantly restrict the field
of view by up to 25% (see Multimedia Appendix 1)

Even among the remaining few that are usable, data structures
often lack standardization. Specifically, the byte array of pixel
data often has padding structures whose specification is not
accessiblein astandard application programming interface. For
example, assume a small image with aresolution of 4 pixelsin
width by 4 pixels inches in height. Representing thisimage in
YUV 4:2:0 format with an 8-bit quantization would yield the
byte-array structure as demonstrated in Figure 2, where Yj; is
the Y component of pixel (i,j), U;; and V;; are respectively the
U and V components shared by pixel (i,j), (i+1,), (i,j+1),
(i+1,j+1). Thereisone'Y component byte for each pixel and a
pair of U and VV components for each set of 4 adjacent pixels,
thus, there are 4x4, that is, 16 bytes for the Y-plane followed
by 4x4/4, that is, 4 bytes for the UV-plane. However, on some
phone models, several bytes are padded to the end of each row,
column, or plane of pixels, mostly likely for a better efficiency
of image compression, such as making the padded width and
height multiples of 16 in JPEG. However, whether the byte
array structure is padded into this multiple of 16 or not can be
determined by calculation and validated by the fact that all
padded bytesare 0s. Thisapproach isguaranteed by any official
documents. Considering that only 1 out of the 20 Android
models used during development fitsthis category, the rel eased
SWSI app for Android supports the universal, but inefficient,
JPEG format for image capturing.

Considerations on Developing M edical Imaging Apps
on Android With Heavy Computation

The diagnostic utility of real-time medical imaging apps such
as sWSI is dependent primarily on image quality, which has
been widely proven across apps in different medical branches
and smartphone models [25-27]. From a practical perspective,
user experience, and particularly user-perceived rate of data
throughput is rarely emphasized. Thisisatrivial issuein static
imaging or video recording, such as for teledermoscopy or
ophthalmoscopy, but has emerged with great significance in
sWSl and likely in future apps with heavy real-time
computation.

On the basis of the feedback from clinical users of sWSl on
Android, we found that there are 2 ways in which the
user-perceived smoothnessisimpaired. On the one hand, there
can be frequent freezing of the user interface or a constantly
low refresh rate of the camera preview. On the other hand, some
phone models suffer from alow update rate of the mini-map of
scanned areas and an inability to keep up with faster movement
of view. Apart from the image format-related driver issue
discussed above, there are other factors that may have
contributed to the great variance in operating smoothness,
namely, the nondata characteristics of the camera driver and
the processing unit.

Depending on hardware design and firmware implementation
beyond the scope of this paper, camera drivers on Android
smartphones significantly differ from each other in photo

http://mhealth.jmir.org/2018/4/e82/
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capturing overhead and lag. Here, we define the overhead as
the time lapse between programmingly triggering the capture
and receiving the image data. This adds delay to the whole
processing loop, thereby reducing the throughput and update
rate. The lag is defined as the lapse between the same trigger
and when the camera preview unfreezes, as determined through
a high-speed camera, with the overhead subtracted. It is out of
the processing loop, but freezes the camera preview, causing
no differencein speed but negatively affects the user experience.
In extreme cases where processing time is as short as the lag,
the preview would be permanently frozen.

The processing unit, particularly the main powerhouse of the
CPU, intuitively has a strong effect on computation-hungry
apps, such as sWSI. In practice, the caseis very different from
that for desktop computers dueto the restriction on power supply
and heat dissipation for mobile computing. Although the number
of CPU cores ranges from 2 to 8 or more and the max CPU
frequency from approximately 1.3 GHz to over 2.4 GHz, the
sustainable performance for heavy computing varies far less
dramatically. The increase in the number of cores is mostly
intended to match computing power with dynamic workload
by supporting high-frequency, power-draining cores with
low-frequency, energy-saving ones. For the same reason, the
boosted clock rate is similarly intended for short intervals only.
Simultaneous activation of multiple cores at a high clock rate,
although feasible, not only swiftly drains the battery life but
also quickly leadsto overheating, which forcesthe coresto slow
down or even go offline in minutes. ldeally, spreading
calculation into multiple cores at alower frequency can be more
efficient but requires system-level management, whichisbeyond
the reach of third-party apps. As aresult, SWSI on Android is
optimized on single-threaded computation, and its evaluation
includes the impact of max CPU single-core frequency on
throughput.

Technical Evaluation Setup

To verify the pervasiveness of the cameradataformat issue and
CPU frequency’simpact on the processing speed of SWSl, tests
were performed on 200 Android smartphones of popular models
marketed after 2014. These physica deviceswererented through
Web-based testing platforms, such as TencentUTest (Dalian
SIKP Technology Co. Ltd.), Testin.cn (Testin Information
Technology Co. Ltd.), and Baidu MTC (Baidu Inc.), with 10%
duplicates between platforms to check for consistency. A
specific version of SWSI for Android with imagesfor simulation
is uploaded onto the devices, with logs recorded for
measurement. Each test run starts with collecting available
image formats and the size of the captured photo, if the raw
pixel data format is supported. Next, it is kept running
undisrupted for 10 min using the normal processing procedure,
except that the captured photo data is replaced with looping
simulation dataset. In the last minute, the average processing
time of each view, excluding capture overhead, is recorded for
comparison. This workflow is illustrated (see figures in
Multimedia Appendix 1). The test process is repeated 3 times
for each model, and the average is recorded.
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Clinical Evaluation Setup

To assess the diagnosis-readiness of virtual slides produced by
both swSI oniOS and Android in challenging cases, aclinical
evaluation experiment was performed in the SITTU-SMPC from
August 10 to September 3, 2017. A total of 100 TCT dlides
collected from SJTU-SMPC between January 1 and April 1,
2017 covering one of the 6 disease categories or the normal
category, were randomly selected, aslisted with proportions as
shown in figuresin Multimedia Appendix 1. These slideswere
prepared routinely by technicians in the department and may
have issues such as unevenness and folding that are common
for TCT. Examination with optical microcopy was used as the
ground truth, and the sample set was split evenly into 2 groups
and scanned with sSWSI on Android and iOS, as summarized in
Figure 4. The 2i0S devices (iPhone 6 and iPhone 7) and the 2
Android handsets (HUAWEI mate8 and XIAOMI 5s) deployed
in the experiment were purchased from the second-hand market
with prices varying between US $120 and US $200. Three
low-end bio-microscopes—an Olympus BH2-BHS, an Olympus
CX21, and a Phoenix PH50-1B43L-PL—were employed for
SWSI scanning, whereas a high-end Olympus BX51 was used
for optical microscopy. Pathologists A, B, and D wereall senior
faculties from SITU-SMPC, and pathologist C was a grade |1

Huang et a

trainee. The sWSI virtual dlides were examined with a
webpage-based pan-and-zoom tool on regular computer
monitors without special color calibration.

The statistical metrics used in the study included accuracy,
sensitivity, specificity, and Cohen's kappa coefficient (kappa).
[28,29]. Accuracy was defined as the percentage of correctly
classified patients. Sensitivity and specificity were defined as
the proportion of people who truly have a designated disease
or were truly free of a designated disease and were thus
identified by the test, respectively. Cohen's kappa statistic
quantifies the intermodality agreement into a single metric
between 0.00 of no correlation and 1.00 of perfect match. In
this study, the degree of agreement between diagnosis using
conventional light microscopy and sWSI virtual slides was
measured. All 4 measurements can be calculated using sample
counts obtained by comparing the diagnosisto agold standard,
aswith a2 x 2 contingency table demonstrated in Table 1 and
the formulain figuresin Multimedia Appendix 1.

Asasideline study, 15 of the sampleswere scanned with Aperio
AT2, a high-end scanner from Leica, to offer a direct
comparison of image quality with sSWSI. These virtua dslides
were not examined for accuracy.

Figure 4. Clinical Evaluation Procedure of scalable whole slide imaging with ThinPrep cytology test samples.
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Table 1. Assessment of diagnostic tests using 2 x 2 contingency table. SWSI: scalable whole slide imaging.

Gold standard Positive (microscopes) Negative (microscopes) Total

Positive (sWSl) True positive count: a False positive count: b atb

Negative (sWSl) False negative count: ¢ True negative count: d c+d

Total atc b+d atb+c+d

Max Central Processing Unit Frequency Versus

Results

Pixel Data Format Support on Android

The distribution of the tested Android model belonging to each
camera data format issue category discussed is illustrated in
figures in Multimedia Appendix 1. Statistically, only 3.0%
(6/200) of the models met the standard of efficient
high-resol ution image capturing as supporting pixel dataformat.

«  Withresolution at least 1500 x 2000 pixels.

«  Without trimming on the sides.

«  Without padding or mismatch in the data sizes between the
captured photos and that indicated by general definition.

Thus, 97.0% (194/200) of Android models would require
approximately additional 100 ms time to process each
high-resolution, full field of view photo captured due to
unnecessary encoding or decoding caused by photo dataformat
capability issue compared with iOS handsets. For casesrequiring
real-time reaction based on the processing feedback, this may
introduce asignificant lag as complained by many usersof swWS
on Android.

Scalable Whole Slide | maging Processing Time

Figure 5 illustrates the average processing time per view on
different phone models grouped into their theoretical max CPU
frequency. As expected, a higher CPU frequency led to afaster
processing speed, but the actual gain was more likely
model-dependent, and cases where devices with alower clock
rate outperformed their theoretically faster counterpart were not
rare. This is likely caused directly by the decrease in core
frequency due to overheating after prolonged heavy
computation, as observed in the limited number of modelsused
in development. Fundamentally, the semiconductor device
fabrication nodes determining heat production, the physical size
of the device, and the industrial design of the internal structure
may all contribute to this result, but they are purely matters of
hardware, and deeper analysisisbeyond the scope of this study.

Diagnostic Concordance

Comparing telepathological diagnosis with the sWSI virtual
dides and with optical microscopy, .70 and .82 kappa was
respectively achieved by pathologists C and D. The scanning
time per case averaged lessthan 20 min. The Acc, Sen, and Spe
of each pathologist are illustrated in figures in Multimedia
Appendix 1, and the overall results are summarized in Table 2.
Importantly, significant variation in lesion recognition is
commonly expected between different reviewers.

Figure5. Max central processing unit (CPU) frequency versus average processing speed per view.
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Table 2. Diagnosis concordance between those based on scalable whole slide imaging virtua slides and optical microscopy.

Disease Observer

Pathologist C Pathologist D

Accuracy Sensitivity Specificity kappa® Accuracy Sensitivity Specificity kappa
High-grade squamous intraepithelial lesion .83 .62 .80 .66 91 77 91 72
Low grade squamous intraepithelia lesion .80 54 .82 .56 .85 .69 .86 .70
Human papillomavirus .89 71 .92 .76 .95 .88 .94 .89
Atypica squamouscellsof undetermined significance .76 .63 .50 51 .84 75 .94 .67
Mycete .82 .67 .67 .64 .96 .83 1.00 .90
Malignant melanoma 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Normal .82 .82 .66 .76 .94 .92 .90 .87
Average .85 71 a7 .70 .92 .83 .93 .82

8Cohen's kappa quantifies the intermodality agreement into a single metric between 0.00 (no correlation) and 1.00 (perfect match).

From a retrospective examination by the diagnosticians, the
discrepancies in measurements should be primarily attributed
to undercalled diagnoseswith digital images. The most common
mismatches noted in al data were between atypical squamous
cells of undetermined significance or high-grade squamous
intraepithelial lesions and low-grade squamous intraepithelial
lesion, which may indicate poor reproducibility of the
recognition of koilocytosis or koilocytoticatypia, followed by
the discrepancy between low-grade squamous intragpithelial
lesions and high-grade squamous intraepithelial lesions,
suggesting a difficulty in the recognition of varying levels of
cellular atypia. For example, in case 8, pathologist C and D
examining sWSl virtual dides of atypical squamous cellswere
unable to exclude high-grade squamous intraepithelial lesion,
whereas the glass-dlide-based diagnosis was performed on a
high-grade squamous intraepithelial lesion. Similarly, in case
2, the conventional glass-dlide diagnosis was a high-grade
squamousintraepithelial lesion, whereas one of the pathologists
interpretation was atypical squamous cells from which
high-grade squamous intraepithelial lesion cannot be excluded
on either digital virtual dides, and another pathologist's
diagnosis with the Aperio system was low-grade squamous
intraepithelial lesion.

The diagnosis statistics with Android and iOS smartphones are
summarized in Table 3 (see figures in Multimedia Appendix
1). The respective accuracies are both 0.84 for pathologist C
and between 0.89 and 0.92 for pathologist D. The average kappa
is.7 for Android and .72 for iOS version of SWSl. Theseresults
indicated that thereliability of diagnosismadewith virtual dides
scanned by Android and iOS devices were both satisfying and
not significantly distinguishable.

Scalable Whole Slide Imaging Versus Aperio AT2

Among the 15 cases scanned by both sWSI and Aperio AT2, 2
were recognized as improperly prepared, with one blurred and
the other incomplete. With the scanner, case #38 was deemed
not scannable, and case #66 was seriously blurred. By checking
the glass dlide, it was found that 2 coverdlips were placed on
top of case #66, and likely confused the scanner’s autofocus.
The same problem was avoided by manual sSWSI scan (see
figures in Multimedia Appendix 1). Although scanning with
SWSI at lower magnification yields alower resolution (Figure
6), compared with the scanner, the high magnification static
field of views produced subjectively similar or better quality.
Figures 7 and 8 show one such comparison with 40x
magnification.

Table 3. Diagnosis concordance between scalable whole slide imaging (SWSl) based on Android or iOS and optical microscopy.

Observer Android i0S

Accuracy Sensitivity Specificity kappa® Accuracy Sensitivity Specificity kappa
Pathologist C .84 .67 .76 .55 .84 71 74 .66
Pathologist D .92 .86 .89 .84 .89 .78 .84 .78
Average .88 77 .83 .70 .87 75 .79 72

8Cohen's kappa quantifies the intermodality agreement into a single metric between 0.00 (no correlation) and 1.00 (perfect match).
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Figure 6. Casesno. 57 (left), no. 76 (center), and no. 98 (right).

Figure 7. Caseno. 35, the virtual slides (two on the top) and zoom-in regions (two on the bottom) from scalable whole slide imaging (SWSI) (two on
the right) with good quality, compared with those from the Leica scanner (two on the | eft).
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Figure 8. Typica views captured by a high-end whole slide scanner (right) versus a static view captured by scalable whole slide imaging (left), 40x

magnification.

Discussion

Current Limitations

Although the sWSI solution is clinically recognized by
pathol ogists and achievesits goal of trading full automation for
saving financial cost by multiple orders, it suffers from a few
technical weaknesses. Many weaknesses are caused by the
inherent data model of the image stitching and distortion
correction agorithm and thus may not be resolved with further
development without switching to a different kernel. Others
may be addressed in studies in the near future.

First, an underqualified sample preparation may limit theswSl's
spatial coverage of samples. Specifically, uneven cell
distributionsand densities might cause TCT didesto be partialy
unscannable, such as the blank region of case #57 to the right
of the image as shown in Figure 6. This may be caused by
having too few cells located nearby, whereas a typical
distribution would approximate thosein Figure 6. In these cases,
the image stitching algorithm determines that few reliable key
points can be used for tracking, thus denying the views. This
may lead to a loss of information in these cells and,
consequently, inaccurate data analysis or diagnosis.

Second, the diagnosis error introduced by reviewer bias may
have underrated the quality of the swWSl virtual dides. On the
one hand, both reviewers of sSWSI virtual slidesrarely examined
digital virtual slidesin routine work and complained about the
different perspectives between optical and virtual microscopy.
On the other hand, it is widely known that the thresholds of
judging ambiguous cases vary among pathologists. In retrospect,
pathol ogists participating in the experiment indicated multiple
cases with such ambiguity. However, standardization of
diagnosis criteria can be difficult to establish, as decisions are
currently rarely based on quantitative measurements.

Finaly, although a majority of swSl virtual slides show no
significant difference in comparison with those produced by a
high-end scanner (Figure 7), there are afew in which the sWSl

http://mhealth.jmir.org/2018/4/e82/
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virtual slides contained obvious misalignment of separate views
and uneven brightness (Figure 6,) that are likely caused by an
accumulation of tracking error and uncalibrated evenness of
light source. These should befixablewith animproved distortion
model.

Future Work

On the basis of the reviews by senior pathologists from
SITU-SMPC of the results of a previous study and this study,
SWSI has been clinically proven to be a legitimate aternative
to automatic whole slide scanners. Its cost-effectiveness makes
it a solid intermediate between localized optical microscopy
and fully automatic but expensive scanners. However, there is
room for improvement on the sSWSl solution.

First, processing speed may be further enhanced. Putting
hardware i ssues aside, there should be a number of methods to
improve the image processing speed of sSWSI, such as
multithread optimization on more energy-efficient models and
recrewing the general purpose graphics processing unit. The
former techniqueiswidely used on desktop computer programs
but may not be practical on mobile devicesfor asustained boost
dueto the power constraints discussed in the previous sections.
However, it may be worth further investigation on newer
models, whose energy efficiency has been increasing steadily
due to advanced semiconductor technology. Thelatter has been
tested on iOS with substantial gain but shown to be unstable on
some versions of the operating system, as previously reported.
Considering the advantage of the general purpose graphics
processing unit in energy-efficient float-point computing, further
study and development of its utilization on Android may also
help with reducing overheating, thusyielding considerable gain
in data throughput.

Second, the low-magnification-scan-and-high-magnification-
static-view method can be further explored for productivity. In
thisversion, the microscope operator isresponsiblefor deciding
wherethe static views arelocated and thus must have diagnostic
knowledge at least on the level of a junior pathologist. This
requirement may be lifted if aviewer of the virtual slides, most
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likely the senior professional from whom adviceis sought, may
interact with the operator, and mark the region instead.

Third, further testing is needed. Unlike the iOS version, SWSI
on Android experiences arelatively high crash rate on specific
devices after scanning approximately 500 views without
detectable memory leakage or overflow. If this is related to
factors other than the app’s functionality, then it may indicate
some other engineering obstacles for other high-performance
imaging apps on Android in general.

Finally, low-cost automation of microscopes may significantly
improve productivity of the sWSl solution at an affordable cost.
Although automated microscope stages based on step motors
aremature and widely available, high positioning accuracy leads
to high prices even for recent low-cost solutions [30,31]. Since
sWSl tracksthefield of view through software and computation
instead of physical measurement, such constraints on accuracy
may be gresatly relaxed from the micron level to 100-micron
level, thereby reducing the cost dramatically.

Conclusions

In this paper, the follow-up development on the Android
platform and clinical evaluation of sWSI, aWSI| solution on a
smartphone, is reported. Due to the diversity of handsets and
operating system characteristics, severa factors impair the
theoretical performance and user experience of the Android
version compared with the previously reported iOS model.
However, in aclinical evaluation of challenging TCT samples,
aninsignificant difference was discovered between the diagnosis
accuracy based on thevirtual slides produced by either version.
sWSI on both mobile platformsis recognized as areliable tool
for telepathology consultation and a competitive aternative to
WS scanners.
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A major problem causing a slower processing speed of sWS
on Android is the rare support of high-resolution and reliable
pixel data format of cameras. In tests on mainstream Android
models, only 3.0% (6/200) provided pixel dataformat that can
be used directly for processing with at least 3-megapixel
resolution, full field of view, and no padding. On other handsets,
the JPEG format, which is compressed and must be
decompressed for processing, is the only reliable option. This
encoding-decoding processis unnecessary and computationally
expensive.

In addition, it was verified that athough theoretica CPU
performance as measured by max frequency varied greatly, the
sustainable processing speed of the computation-heavy sWSl
kernel was largely model-dependent. Although more
sophisticated testing is required to determine the cause, an
intuitive answer is CPU thermal throttle leading to a decrease
infrequency. Another observed factor leading to user-experience
degradation is screen freezing caused by a lag of resuming
camera preview after capturing a photo, but its quantitative
effect also requires further investigation beyond the plan of this
study.

Intheclinical evaluation conducted in SITU-SMPC, adiagnosis
based on sWSI virtual didesreached 87.5% (175/200) accuracy
and akappavalue of .76 on average, with gold-standard optical
microscopy used as the ground truth. The selected slides are
TCT samples covering 6 diseases as well as normal samples
that areintended to complement the frozen section samplesused
in the previous study, as they require finer details and are
difficult to scan manually due to the varying intercell distance.
After retrospectively examining the data, all senior pathologists
from SITU-SMPC considered sWSI’s performance on par with
high-end scanners and highly suitable for smaller or remote
hospitals with less frequent need for teleconsulting.
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Abstract

Background: Around the world, depression is both under- and overtreated. The diamond clinical prediction tool was devel oped
to assist with appropriate treatment allocation by estimating the 3-month prognosis among people with current depressive
symptoms. Delivering clinical prediction tools in a way that will enhance their uptake in routine clinical practice remains
challenging; however, mobile apps show promisein thisrespect. To increase the likelihood that an app-delivered clinical prediction
tool can be successfully incorporated into clinical practice, it isimportant to involve end usersin the app design process.

Objective: The am of the study was to maximize patient engagement in an app designed to improve treatment allocation for
depression.

Methods: An iterative, user-centered design process was employed. Qualitative data were collected via 2 focus groups with a
community sample (n=17) and 7 semistructured interviews with people with depressive symptoms. The results of the focus groups
and interviews were used by the computer engineering team to modify subsequent protoypes of the app.

Results: Iterative development resulted in 3 prototypesand afinal app. The areas requiring the most substantial changesfollowing
end-user input were related to the iconography used and the way that feedback was provided. In particular, communicating risk
of future depressive symptoms proved difficult; these messages were consistently misinterpreted and negatively viewed and were
ultimately removed. All participantsfelt positively about seeing their results summarized after completion of theclinical prediction
tool, but there was a need for a personalized treatment recommendation made in conjunction with a consultation with a health
professional.

Conclusions:  User-centered design led to valuable improvements in the content and design of an app designed to improve
allocation of and engagement in depression treatment. Iterative design allowed usto develop atool that allows usersto feel hope,
engage in self-reflection, and motivate them to treatment. Thetool is currently being evaluated in arandomized controlled trial.

(JMIR Mhealth Uhealth 2018;6(4):€95) doi:10.2196/mheslth.9502
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Introduction

Background

Depression affects at least 350 million people worldwide [1].
Primary care doctors are responsible for most of the
identification, treatment, and management of depression [2],
with between 24% and 55% of primary care attendeesreporting
depressive symptoms[3]. Research showsthat with appropriate
treatment, recovery from depression is possible [4]. However,
there is frequently a mismatch between patient needs and the
treatment they receive. Patients with subthreshold or mild
depression who are likely to recover spontaneoudly are often
overtreated [5], whereas patients with severe symptoms
frequently do not receive minimally adequate treatment [4,6,7].
Treatment mismatch is associated with poor patient outcomes
and represents an inefficient distribution of scarce resources
[8,9]. Currently, thereis no systematic way of matching patients
with depressive symptoms with the most appropriate level of
treatment in primary care.

To improve treatment allocation for depression, we devel oped
the diamond clinical prediction tool that is designed to assess
anindividual’sfuture depressive symptom severity and provide
them with an evidence-based treatment recommendation
matched to their prognosis. Details of the clinical prediction
tool’s development are available elsewhere [10]; briefly, it was
developed after an extensive search of the literature identified
no existing tools that predicted future symptom severity and
could be delivered at scalein the primary care setting. Despite
their potential to improve hedlth care[11], relatively few clinica
prediction tool s have been successfully incorporated into routine
clinical practice [12]. Doctors report that time constraints and
difficulty of use and interpretation are key barriers to the
implementation of clinical prediction tools [13]. Delivering a
clinical prediction tool directly to patients viaadigital app has
the potential to overcome these barriers and increase the use of
clinical prediction toolsin clinical practice. Moreover, studies
suggest that patient-completed tools can increase patient
participation in their own health care and increase the efficiency
of health care encounters [14-16].

eHealth and User-Centered Design

Despite the wide availability of apps, they have yet to
revolutionize health care, due in part to lack of uptake. User
attrition from or nonadherence to electronic health (eHealth)
technol ogiesiswell documented, both for patientsand clinicians
[17,18]. The few existing implementation studies of specific
eHealth decision support technologies have identified several
barriers, including low user acceptance, poor face validity, and
low user-friendliness [19,20]. To successfully change health
care practices, eHealth technologies must be engaging to end
users, deliver easily understood information, and promote
engagement with any treatment recommendation they may
provide.

Explicit user-centered design, a process in which end users
influence how a design takes shape [21], may improve the
chances of successful implementation of technology in practice.
Appsdevel oped using this process have reported improved user
acceptance, face validity, user-friendliness, and uptake [22-25].

http://mhealthjmir.org/2018/4/e95/
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User-centered design is based on the principles of participatory
design and involves all potential stakeholders. It uses iterative
formative eval uation during the entire devel opment process and
accounts for the conditions of implementation from the
beginning [15,23]. In health care, the end user of a technology
may be the patient, but idealy, user-based technology
development should identify and take into account all potential
stakeholders including clinicians, researchers responsible for
the content of the technology, and representatives of the health
care system [16].

This Study

In this study, we describe the user-centered design process of
an app to assess individual risk of persistent depressive
symptoms and recommend individually tailored treatment based
on current knowledge about best-evidence treatment for
depression. Our aim was to focus on users emotiona and
cognitive experience to design an acceptable tool for clinical
decision support. Users were involved to determine

1. How the tool should look (to ensure it was credible, easy
to use, and visually attractive)

2. What feedback was most likely to promote engagement
with treatment recommendations

3. How the feedback should be presented.

Methods

User-Centered Design

User-centered design is an umbrella term that encompasses a
range of models and approaches that software developers can
employ to produce a highly usable and accessible product [26].
The term was coined in the late 1990s by Donald Norman who
posited that three levels of cognitive processing should be
considered in designing useable products: (1) visceral
processing, which refers to the look and feel of a product; (2)
behavioral processing, which relates to the experience of
product characteristics such as performance and usability; and
(3) reflective processing, which refers to characteristics such
as the meaning of a product, its impact on self-image, and
satisfaction [27]. Reflective processing has been shown to be
most important for adoption and use of a product [21]; the
successful implementation of software depends on its ability to
address peoples values, satisfy their emotional needs and
expectations, and to encourage participation, acceptance, and
trust [22-24]. For eHealth technologies that have the specific
aim of changing clinician and patient attitudes and behaviors
[21,28], reflective processing is particularly critical. Therefore,
we approached our user-centered design processwith Norman’s
framework and theimportance of reflective processing in mind.

Stage 1: Identify End Users and Context

To increase the likelihood that the diamond clinical prediction
tool would be implemented into routine clinical practice, we
identified end users and reviewed the environmental
characteristics of the context in which it would be used.
Environmental characteristics were collated through telephone
interviewswith primary care attendees experiencing depressive
symptoms and discussions with clinicians and primary care
researchersand through aliterature review of clinical prediction
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toolsin practice. A narrative description of end users and their
context was devel oped.

Stage 2: Concept Development

Emotion-driven goal modeling was used toidentify requirements
based on patient, clinician, and research team goals regarding
the app. Emotion-driven goal modeling is based on the theory
of agent-oriented modeling [29] and isamethod used to identify
and interrelate the personal values, motivations, and emotions
stakehol ders have around software to specify requirements for
development. It uses a modified grounded theory approach for
analysis of individual interviews, group discussions, and other
datasets. For this study, the data for the modeling came from
two initia development meetings and five interviews with
individuals who had either prior or current experience of
depressive symptoms. We also identified the research team's
requirements for the evidence-based content and
recommendations. A literature scoping review was conducted

Textbox 1. Topic guide for focus groups 1 and 2.

Wechtler et d

to identify the evidence on how to best communicate risk for
persistent depression.

Stage 3: App Devel opment

Two focus groups, each lasting approximately 2 hours, were
conducted by CW and AC. The 10 participants in focus group
1 (1) were presented with icons from the app without any
associated text and were requested to write down and verbally
present the thoughts and feelingsthey associated with theimage;
(2) formed groups of two and took turns using the app prototype
on an iPad provided by the research team, followed by general
discussion based on semistructured questions; and (3) were
presented with the options for risk communication, followed
by semistructured interview questions (Textboxes 1 and 2). On
the basis of the resultsfrom thefirst focus group, modifications
were made to the prototype. Prototype 2 was presented to
participants in the second focus group, and the procedure used
in the first focus group was repeated. Further modifications to
the app were made based on results of focus group 2.

1. Firstimpressions
«  What areyour first or general impressions of the app?
«  What were the best things about the app?
«  What was the biggest problem you had with the app?

2. Resultsor feedback
« How did you feel about the results page?

- Imagineyou'rein your general practitioner (GP) clinic and you complete the app, how would you feel?

3. Risk communication
«  What are your first impressions of (the risk communication)?
« How do you feel about the faces?
« How do you feel about the stick figures and numbers?

«  How would you feel if both the stick figures and the faces were presented?

4.  |conography

« Infront of youisaworkbook with a picture on each page. For each picture write down what you think each picture represents. We will then

discuss as a group.

Textbox 2. Topic guide for individual interviews.

1. Firstimpressions
«  What were your first impressions of the app?
«  What did you like or dislike?
«  How did the app make you feel?

«  Did the app make you think of any questions or other thoughts when completing it?

2. Results or feedback

« How did you feel about the message at the end (treatment recommendation)?

«  Wastheinformation clear?

http://mheal th.jmir.org/2018/4/e95/
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The third prototype of the app was tested in individua
interviews. Seven face-to-face semistructured interviews were
conducted by CW and observed by AC. Participantswere given
prototype 3 on an iPad while the observer took notes. After
completing the app, they were interviewed using a broad topic
guide (Textboxes 1 and 2) covering first impressions of the app
and reactions to the feedback and treatment recommendations.

Data Analysis

Thefocusgroupswere audiorecorded. All audio recordingsand
text produced by participants, moderator, and observers were
included in the analysis. AC collated the written and spoken
words associ ated with part 1 of the focus group. CW transcribed
the audio recordings. We conducted thematic analysis of the
data by iteratively coding individual words, concepts, and
phrases and then organizing these codes into a structure of
themes and subthemes using the constant comparison method
[30]. CW and AC conducted independent coding and then
discussed themes and relationships between themes. Because
the purpose of this analysis was iterative development of the
app, when possible, themeswere grouped into featuresthat were
requirements of the app. These discussions were relayed back
to the research team for discussion of relevance and planning
further action.

Participants

All community-dwelling adults in Melbourne, Australia, who
were in the age range of 18 to 65 years and able to respond to
recruitment materialsin English were eligiblefor the study. The
only exclusion criteria were being outside this age range, and,
for participation in an individual interview, the absence of any
depressive symptoms (as assessed by the Patient Health
Questionnaire-9, PHQ-9 [31]). Participants were recruited
through flyers on community noticeboards at The University

Table 1. Characteristics of focus group and interview participants.

Wechtler et d

of Melbourne (Parkville campus) and via advertisements in a
weekly university staff e-newdetter, Facebook, and on an online
noticeboard website (Gumtree). Participants were sought from
the general community, as 87% of the population visitsagenera
practitioner (GP) at least once a year [32]. Focus group
recruitment occurred in September (focus group 1) and October
(focus group 2) 2014 and individual interview recruitment in
February 2015. Interested individualsin the age range of 18 to
65 years were instructed to contact the study coordinator (AC)
via phone or email. Upon expression of interest, demographic
information was collected for all potential participants.
Individuals expressing interest in an individual interview were
additionally asked to complete the PHQ-9 at this point, and
those with a score of <2 were considered ineligible and not
included in the study sample. Participants were given awritten
plain language statement before participation, and consent was
obtained at the time of focus group or interview attendance.
Participants received an $50 AUD gift voucher for their time.

Ethical Approval

Thisstudy was approved by the University of Melbourne Human
Research Ethics Committee (1442318, 1442584).

Results

Participant Characteristics

In total, 17 individuals participated in two focus groups (10 in
focus group 1 and 7 in focus group 2), and 7 participated in
individual interviews. The demographic characteristics of each
group of participants are presented in Table 1. A total of 13
participants were members of the general community, whereas
4 were university staff recruited through campus noticeboards
and the staff e-newsletter.

Characteristics

Focus group 1 (n=10)

Focus group 2 (n=7) Interviews (n=7)

Gender, n
Male 6
Female 4
Ageinyears
Range 26-60
Mean (SD) 39.33 (13.36)
Ethnic background, n
White 5
Asian 3
Hispanic 0
Other 2
Education, n
Technical and further education 10
Bachelor 40
Postgraduate 50

4 3

3 4
25-57 25-45
39.14 (13.54) 33.14 (7.64)
6 6

0 0

1 0

0 1

2 3

3 2

2 2
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Stage 1: Identify End Usersand Context

End users of the tool were identified as primary care patients
and primary care doctors. All primary care patients could use
the tool; however, only those whose initia responses to two
guestions on depressive symptoms indicated that they had
depressive symptoms would be taken through to the full
assessment and treatment recommendation phases. Our review
of the context in which the tool would be used indicated that it
should be used by the patient in the waiting room before a
consultation with a GP or during the consultation itself. It was
believed that this approach was most likely to promote use of
the tool, motivate patients to engage in decisions around their
health care, and increase the efficiency of the mental health care
consultation.

Stage 2: Concept Development

Emotion goal modeling identified that patients wanted the app
to make them feel emotionally supported, and they wanted to
feel confident that the information presented to them was
relevant and important. Most importantly, users wanted to see
the results of their assessment (ie, the risk of having depressive
symptoms in 3 months' time) in a way that was meaningful to
them.

Our review of the clinical prediction tool literature identified
that arisk communication component, using numerical, verbal,
or graphical depictions of risk, is built into most clinical
prediction tools. We also identified several challenges in

Table 2. Itemsforming the diamond clinical prediction tool.

Wechtler et d

communicating risk to patients: low numerical literacy evenin
educated populations and the attendant problem of interpretation,
considerable margin of error in risk probability, the fact that
risk identified by a clinical prediction tool represents a
population probability rather than an individualized risk, and
ethical issues surrounding the use of risk communication tools
as a persuasive mechanism. Adding to these challenges was
that, unlike some health problems, the risk probability around
persistent depression is very wide, thus increasing the margin
of error and the validity of the result. No one type of risk
communication emerged as superior to another in
communicating risk for persistent depression.

Clinicians wanted to have confidence that the app provided
scientifically accurate information, that it looked professional,
and that it was useful for improving depression care. Therefore,
it was essential that the tool retain, without alteration, all the
dataitemsthat make up the prognostic algorithm in the diamond
clinical prediction tool. These questions provided the
information necessary to apply the statistical algorithm to predict
individual risk for persistent depressive symptoms at 3 months.
The required 17 questions for the diamond clinical prediction
tool include depressive symptom severity as measured by the
Patient Health Questionnaire-9 (PHQ-9) [31]; sex; current
anxiety; history of depression; presence of chronic illness
affecting daily functioning; self-rated health; living alone; and
perceived ability to manage on available income (see Table 2).
Table 2.

Itemnumber Text

1 Do you identify more strongly as male or female?

2 In general, would you say your hedthis

3 Do you have any long-term illnesses, health problem, which limits your daily activities or the work you can do (including problems
that are due to old age)?

4 Do you live done?

5 How do you manage on your available income?

Over the last 2 weeks, how often have you been bothered by...

6 ...Littleinterest or pleasure in doing things?

7 ...Feeling down, depressed or hopeless?

8 ...Trouble falling or staying asleep, or sleeping too much?

9 ...Feeling tired or having little energy?

10 ...Poor appetite or overeating?

11 ...Feeling bad about yourself, or that you are afailure, or have let yourself or your family down?

12 ...Trouble concentrating on things such as reading the newspaper or watching television?

13 ...Moving or spesaking so slowly that other people could have noticed. Or the opposite—being so fidgety or restless that you have been
moving around alot more than usual ?

14 ...Thoughts that you would be better off dead, or of hurting yourself in some way?

15 Have you ever been bothered by feeling down, depressed, or hopeless for longer than 2 weeks?

16 Have you ever been bothered by little interest or pleasure in doing things for longer than 2 weeks?

17 Over the last 4 weeks, how often have you been bothered by feeling nervous, anxious, on edge or worrying alot about different things?

http://mhealthjmir.org/2018/4/e95/
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Stage 3: App Development

Initial Prototype
Theinitial prototype of thetool consisted of three content areas:

1. Clinical prediction tool items: see Table 2 for items. Each
item was presented on a separate screen, and visual icons
intended to represent the item were presented next to the
text. Research shows that amixed format of text and icons
enhances comprehension [32] and accuracy of participant
responses to questions [33].

2. A summary of users responses. answers to the clinical
prediction tool were reflected back with the text “ Things
seem to be difficult for you in these areasright now” using
the icons described above.

3. Risk communication: the patient’s estimated risk of having
either mild, moderate, or severe depression in 3 months’
time was presented. To enhance comprehension, risk
communication was presented as a comparison between
likely mental health outcomein 3 months' timeif the patient
did or did not receive treatment. Two alternative ways of
presenting risk were presented in the first focus group (see
Figure 1).

First Impressions

First impressions of the app were positive, with participants
reporting it was easy to use, asillustrated in the following quote:

http://mhealthjmir.org/2018/4/e95/
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I think the app in general looks quite clean and
clinical, for some people a good thing, if they feel
they have a problem they want to be handled in a
professional way. [Male, 28]

The purpose of the app was seen to be to raise awareness of
existing mental health problemsfor theindividual, to give hope
for improvement, and to motivate the individual to pursue the
next step in getting help, asillustrated in the following quotes:

It's about education, awareness, by answering these
guestions your becoming aware of some problems
you may have, presenting hope, there are things
people can do, that you can get better. [Male, 30]

If you are this person, then you get this educational

fact—these are the areas [you need help with], [this

is] how it is impacting you, [it's] a nudge to get to

the next step. [Female, 26]
Several participants noted that the “next” button, presented
under each question, should be removed to streamline the app,
which was agreed upon by the rest of the group.

| conography

There was a clear mismatch for participants between nine of
the 12 the visual iconsand their intended meaning. For example,
participants interpreted an icon depicting a pair of hands as a

representation of “charity” or “religion,” when the intended
concept was “health.”
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Figure 1. Risk communication presented to participantsin prototype 1.

Summary of User's Responses

Participants liked having a summary of their results reflected
to them. However, they felt that only reflecting the “difficult”
areas might have negative consequences, as illustrated in the

following quotes:

That's validation, yeah | fedl that way. [Female, 52]

You see your problem areas, when you are depressed
you just feel bad but this makesit clear. [Female, 30]
It could be a negative thing, like look at everything

that’swrong with me...If it were only one or two, that
could be identification, but getting a lot back, that

http://mhealth.jmir.org/2018/4/95/
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could be quite detrimental to some people...It would
help to see what was working well. [Male, 26]

Participants wanted more meaningful feedback about their
results. They wanted an explanation of the severity of the
problem, advice on prioritizing areas for attention, and a
personalized treatment recommendation based on their results,
asillustrated in the following quotes:

Maybe if there is the option to emphasize some
problems here it would be better, for example, I'd
liketo be ableto emphasize my deep problems. [Male,
33]
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| think there needs to be an answer, to show you have
a problem, to contact this GP or call this humber,
someone to discuss the results. [Male, 26]

Risk Communication

The risk communication component was identified as the most
problematic aspect of thetool. Participantswere concerned that
presenting risk might make already depressed peoplefeel worse,
asillustrated in the following quotes:

If | get help | still have a one in three chance of still
feeling bad? [Male, 60]

If it has gone 2 months and you are still sick, it'slike
there's only one month left [Male, 26]

Participants were confused that the app reported risk at a
population level rather than their own personal risk of suffering
depression in the future, asillustrated in the following quote:

Impersonal, I’ m going to be pigeonholed. [Male, 60]

Some participants misinterpreted the message that “with help,
you will feel better in three months’ time,” asillustrated in the
following quote:

Wechtler et d

It could be shorter intervals..l mean, if you're
suicidal and you have to wait three months. [Male,
60]

All participants misunderstood the risk communication in the

form of stick figures, and they felt that it had a negative
message, as illustrated in the following quote:

If you are depressed maybe you identify with the sad
figure, feels hopeless, not sure this works [Female,
52]

Most participants expressed their dislike of the portrayal of risk

using emotional faces, asillustrated in the following quotes:
Pretty scary, this looks like a Halloween pumpkin!
It'sa bit impersonal. [Male, 60]
| feel condescended to [by the animated face].
[Female, 53]

Prototype 2

On the basis of the results of focus group 1, a second prototype
was devel oped. The nine most problematic iconswere removed
and replaced with new icons (see Figure 2 for examples).

Figure 2. Example of icons replaced and more easily interpreted in prototype 2.

Themes from

Themes from

Intended Icon Revised icon £ 2
concept focus group 1 ocus group
® Purposeful, ] Exercise,
Energy ﬂ walking, @ skipping,
active, rushing active
Concentration o Eyen,ig;ﬁod, gw Thinking
L
. Hospital
Charity, -
Sl \ / religious, care + me{;i.lc.al,
medicine
Impact of age .
. Trapped, exit, : .
Disabled
or |IInes‘s‘c‘rn darkness II isabled,
daily activities elderly

The “next” button was removed alowing screens to
automatically transition from question to question once a
response had been entered. The summary screen wasredesigned
toreflect areasthat “ seem to be ok for you right now” in addition
to the “difficult” areas presented in prototype 1. Although risk
communication was identified as problematic in the first focus
group, it was included in the second focus group so that user
preferences regarding this component could be explored further.
An additional component, treatment recommendation, was
added to the end of the tool. This screen informed participants
that they could access an online portal with information about
mental health treatment options and that a named health care
professional was available to talk them through this portal.

http://mhealthjmir.org/2018/4/e95/

First Impressions

Similar to focus group 1, participants felt that the second
prototype was simple and easy to use. It was seen to be a tool
that could guide a conversation with a health provider.
Additionally, the app gave an opportunity for the individual to
reflect on hisor her symptoms, give hopefor improvement, and
motivate hel p-seeking. Two participants stated the following:

It would be useful in telling you things you didn’t
know, you didn’t think about, and then you'd go into
the GP and say, thisisright, I’ m not sleeping well, it
would be a prompt. [Female, 54]
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This would be a starting point for talking to the GP,
for sure, you could focus on what the problems
actually are. [Female, 34]

| conography

In the second prototype, participants reported that nine of the
12 icons were congruent with the intended concepts for each
icon, with the remaining three approaching congruency.
Participants indicated that the icons were helpful when
interpreting the question and that they should be more
prominent.

Summary of User’s Responses

Although participants generally felt positively toward the
summary screen, they also expressed concern that if the
summary did not accord with the user’s experience, there was
potential for a loss of trust in the tool, as illustrated in the
following quotes:

| find it interesting just to look at the two sides, what
seems to be shaping up ok, and where the struggle
points are. So | think there is a bit of personal
reflection that can go on the results page with these
emblematic little icons, | find that quite interesting.
[Male, 57]

This is the make or break point, | mean if there are
things here that people don’t see in their own lives,
if it's not an accurate reflection of what they
answered, they' Il lose trust. [Male, 25]

| was expecting more personalized results at the end,
not just what I’'m doing well in, something more
detailed. [Female, 34]

Risk Communication

Like their counterparts in focus group 1, many participants
interpreted the information as a negative prognosis, and there
was a sense that the message wasimpersonal and untrustworthy,
asillustrated in the following quotes:

If I'm depressed, | can always find the figure down
at the bottom that doesn’t get better, if | were to look
at that through a dark cloud, | would see myself.
[Male, 57]

| mean, if somebody is depressed, you don’'t want to
tell them “you're depressed, you're a sad face’
[Male, 26]

http://mhealthjmir.org/2018/4/e95/
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It was a bit likeit wasn’t even paying attention to the
answers | gave, just saying ok you'll be ok in 3
months. [Female, 30]

Treatment Recommendation

Participants responded positively to the treatment
recommendation screens but expressed a desire for more
information from the treatment recommendation regarding what
they could do get better, asillustrated in the following quotes:

Yeah its very positive, isn't it, that you can get help,
that's great. [Female, 54]

So on the results page, maybe more like you should
do this, take action. | mean | already know my sleep
is not good but what should | do, how should I get
better. [Female, 34]

Prototype 3

Given that participantsin both focus groups expressed problems
with the risk communication, and in the absence of acompelling
aternative, we removed this element of the app entirely.
Information on the treatment recommendation screen was
rewritten to direct participants to specific evidence-based
treatment options depending on their predicted depressive
symptom severity. Treatment recommendations were based on
the principles of stepped care, where the intensity of treatments
increased in line with symptom severity. So, for example,
patients predicted to have mild symptoms were recommended
to access I nternet-based self-help and psychoeducation viathe
myCompass program [33] and were provided with the website
link.

First Impressions

Participants did not report any negative aspects of using the
app, and all participants explicitly said it was professional and
easy to use.

Consistent with focus group results, interview participants
indicated that the app could rai se awareness of their problems,
give hope, and potentially motivate them to treatment, as
illustrated in the following quotes:

It made me reflect on how my feeling have been over
the past weeks and months, which did make me think,
it is a bit more frequent than | thought or hoped it
was. [Female, 27]
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Table 3. Summary of iterative development process (N/A: not applicable).

Wechtler et d

Themes and feedback from  Revisions Feedback from focus Revisions Feedback from interviews Revisions
focus group 1 group 2
First impressions
Didlikehavingto press  Remove next button N/A N/A N/A Removed a non-
“next” to navigateto next functional “tap
page here” button
I conography
Mismatch ininterpretas  Revise nineicons Correct interpretation  N/A Iconsviewed ashelpful for N/A
tion for 9/12 icons for 9/12 icons, with people with English asa
the remaining three second language
approaching congruen-
cy
Summary of responses
Seeing only wherethings Include feedback on Desire for moreper-  None; app shouldbe  Seeing “difficult” and N/A
are difficult could be both“difficult” areas sonalized results administered in a “OK" areas useful for pa-
detrimental and areasthat “ seem health care setting  tients with depres-
to be ok for you whereresponsescan  sion—counteractsovergen-
right now” be discussed eralization that everything
isdifficult
Risk communication
Focus on negative mes-  None; reassessinfo-  Focus on negative Removed entirely N/A N/A

sage cus group 2

Treatment recommendation

message

Need more tailored
recommendation

Add recommenda-
tion to review avail-
able resources
through online portal

Need action-oriented
message

from app

Reviserecommenda-
tion to direct to spe-
cific evidence-based
treatment, matched
to predicted depres-
sive symptom sever-
ity

Like being provided treat-
ment option

Minor changes to
phrasing

It made me think about how could | get more help.
[Female, 36]

It would be a motivation, or maybe an opportunity.
[Male, 35]

| conography

Theiconography was seen to be a seamless part of the app that
could enhance understanding of the clinical prediction tool
items. No participant commented on a mismatch between icon
and question concept, asillustrated in the following quotes:

Yes the pictures make sense. [Female, 36]

Seems pretty clear, and for people with English as a
second language the infographics would help if they
can't understand the more complex words. [Male,
35]

Summary of User’s Responses

Refinements to the feedback and treatment recommendation
and removal of risk communication in response to the focus
groups appeared to improve the match between the app and
participant needs. Although focus group participants felt the
combination of the clinical prediction tool results and risk
communication left them focused on the negatives, interview
participants felt positively about the feedback and

http://mhealthjmir.org/2018/4/e95/

recommendation, as they felt it provided solutions and a way
of moving forward, asillustrated in the following quotes:

This would feel pretty good...the fact that it offers
options. [Female, 34]

I'd be looking forward to the [treatment
recommendation] , to seewhat optionswere available,
of more information. [Male, 35]

The Fourth and Final App

The individual interviews identified only minimal changes in
phrasing of the treatment recommendations and in onetechnical
aspect of the app (a nonfunctional tap here button). These
corrections were made in the final app. Table 3 provides a
summary of participant feedback and subsequent revisionsthat
resulted in the final app.

Discussion

Principal Findings

In this paper, we describe the process of user involvement in
the iterative development of an app designed to estimate
prognosis and guide treatment choice for patients with current
depressive symptoms (using the diamond clinical prediction
tool). We tested three prototypes with potential end users, with
the feedback on each prototype used to develop the next, and

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 |e95 | p.103
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

ultimately, the final app. Our process of iterative development
with potential end users allowed us to make improvements to
the content and design of the app. We addressed initial
mismatches between clinical prediction tool item content and
iconography so that the icons enhanced, rather than detracted,
from understanding the clinical prediction tool items.
Participants indicated that the app could encourage
self-reflection, provide hope, and motivate them to engage with
treatment. Risk communication was identified as a significant
problem and therefore removed entirely from the fina app.
Finally, through this process, we identified user need for
personalized treatment recommendations and developed this
component for the final version of the app.

Relationship With Other Literature

This study is the first to our knowledge to use explicit
user-centered design principlesin development of an app-based
clinical prediction tool for mental health in primary care. The
long-standing problem of engaging patients in mental health
treatment has not to date been solved by the advancement of
health technologies such as apps, due in part to limited
engagement with the technologies themselves. User-centered
development has been posited to address this issue by leading
to more acceptable, usable, and effective mental health
technologies. For example, a lifestyle and mental health
screening tool developed using a user-centered approach was
deemed acceptable and usable by end users [34]. In severe
mental illness, user involvement in the design of a mobile app
for supporting mental health was seen to be critical in generating
a product that could provide a positive user experience [35].
User-centered design has been used in development of an
effective online depression prevention intervention [23] and
two effective chronic pain treatment interventions [36,37].

Asdiscussed above, Norman'sformative theory of user-centered
design suggests that an individual’s interaction with a product
can be conceived of as three levels of processing: visceral,
behavioral, and reflective [27]. Our results show that visceral
and behavioral processing did not detract from the user
experience of the app, which appeared seamless. However,
although ease of use has been shown to improveimplementation
of software [38], it is reflective processing that is most critical
for adoption and use of a product. If users are to adopt and
integrate technology in meaningful ways into their lives,
fulfilling their emotional expectations is critical [27]. Factors
related to emotions and motivations are often neglected,
however, with software devel opers focusing predominantly on
the work processes that are required and how they will take
place[39]. Asweincreasingly seek to identify, assess, and treat
mental health problems using apps and other technologies, it is
critical that ease of useisnot the only consideration. Theresults
of thisstudy suggest that involving end usersin the devel opment
process can result in an app that supports meaningful reflective
processing, including prompting further consideration of the
symptoms and treatment in question.

Risk Communication

Although the mgjority of participantsin thisstudy did not suffer
from depression, they consistently interpreted the
communication of their risk for persistent depression through

http://mhealthjmir.org/2018/4/e95/
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anegative lens. Asfar aswe are aware, thisisthe first study to
have examined how best to communicate risk for depression.
Given the negative biasesinherent in many psychiatric illnesses,
itispossiblethat the requirementsfor effectively communicating
risk for these conditions may be very different to those for
chronic physical conditions (including, eg, genetic disorders
and cancer), which have to date received most attention in the
risk communication field.

High-quality communication is considered an important
component of shared decision making [40]. However, the
challenges in communicating risk effectively are widely
recognized; in their systematic review, Zipkin et a [41]
acknowledgethat thereislikely no single best approach but put
forward several recommendations on how to present risk
messages. Although many of these recommendations were
followed in thisstudy (eg, using visual aidsand positive framing
and avoiding use of qualitative risk descriptors alone), others
were not (eg, using adenominator of 1000 participants), leaving
open the possibility that there may be aternative, more
acceptable ways of presenting risk for persistent depression.

Given that risk communication has been shown to be highly
influential on patient decision making [42], further examination
of how, if at al, risk for depression and other mental health
conditions can be communicated may assist in improving
treatment uptake and adherence.

Personalized Treatment Recommendation

During our development process, it became apparent that
participantswere moreinterested in the app as an action-oriented
rather than informational tool. They desired atailored treatment
recommendation based on their individual symptoms, rather
than information on their risk of persistent depression, even
when this provided generic advice on the benefits of
help-seeking (ie, “ 7 out of 10 people with extrahelp from a GP
or health professional feel better”). This finding is consistent
with research showing that patients with mental illness desire
personalized information about available treatment [43].
Furthermore, tailored treatment recommendations have been
shown to enhance patient engagement in their own care and
improve adherence to treatment [44].

Importantly, participantsin thistrial werefreeto respond to the
app however they chose, and the treatment recommendation we
presented in prototype 3 was designed to identify the
acceptability of thisaction-oriented messagerelativeto the more
passive information presented in prototypes 1 and 2 and not to
provide specific treatment advice. Although our findings suggest
this solution-focused approach was preferred, we did not set
out to test how best to personalize treatment recommendations
for depression. Thisis likely to be an important area of future
investigation; although several models of personalized care
have been proposed, particularly in thefields of cancer [45] and
diabetes[46], thereis currently adearth of evidence suggesting
how mental health treatment may best be tailored.

Strengths and Limitations

We employed an iterative development process that allowed us
to improve the app on a step-by-step basis. This allowed us to
track shortcomings at each stage and avoid any flow on effects
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by making appropriate changesto the app as we became aware
of them. We were also able to add new functions to the app as
suggested by participants in the focus groups.

Our use of qualitative methodologies is also a strength of this
study. Focus groups are avaluable way to generate information
about what a group of people think isimportant and how they
understand a problem [47]. Thematic analysis of interview and
focus group data is an appropriate method for generating
explanations of phenomena that are directly relevant for the
group at study [48]. Our use of audio recordings and verbatim
transcription and our use of multiple coding that engaged
independent researchers in cross-checking of coding and
interpretation strengthens the reliability of our results[49].

Thereisarisk for abiased samplein both our focus groups and
our interviews. Participants responded to recruitment advertising
in the community that made clear the focus on mental health

Wechtler et d

with interest in or experience of one or both of these topics.
Additionally, we recruited in an area with a highly-educated,
urban population, and therefore, our recruited population may
not reflect the demographics of all end users of the app.

Future Research

The app developed in this study is being used in a randomized
controlled trial to identify whether delivering the diamond
clinical prediction tool and providing feedback and treatment
recommendationsin thisway canimprove depressive symptom
severity in primary care patients, relative to usual care[50].

Conclusions

In this study, we described how aniterative, user-centered design
process|ed to an easy to use, engaging, and motivating app that
assists in assessing prognosis and guiding treatment choice for
patients with depressive symptoms. Future initiatives aimed at

improving engagement with mental health assessment or

and mobile apps, soitislikely werecruited primarily individuals ! Wi :
treatment may consider digital apps as a platform of delivery.
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Abstract

Background: Women undergoing chemotherapy for the treatment of breast cancer have frequently reported unmet supportive
care needs. Moreover, easily accessible and innovative support is lacking.

Objective: The purpose of this trial was to determine the effectiveness of an app-based breast cancer e-support program to
address women'’s self-efficacy (primary outcome), social support, symptom distress, quality of life, anxiety, and depression.
Secondary objectivesincluded exploring the associ ation between women’s heal th outcomes and the breast cancer e-support usage
data

Methods: A multicenter, single-blinded, randomized controlled trial was conducted. A total of 114 women with breast cancer,
who were commencing chemotherapy and were able to access internet through amobile phone, were recruited in the clinicsfrom
2 university-affiliated hospital sin China. Women were randomized either to the intervention group (n=57) receiving breast cancer
e-support plus care asusual or the control group (n=57) receiving care asusual alone. The health careteam and research assistants
collecting data were blinded to the women’s group allocation. Bandura's self-efficacy theory and the social exchange theory
guided the development of the breast cancer e-support program, which has 4 components: (1) aLearning forum, (2) a Discussion
forum, (3) an Ask-the-Expert forum, and (4) a Personal Stories forum. Moderated by an experienced health care professional,
the breast cancer e-support program supported women for 12 weeks covering 4 cycles of chemotherapy. Health outcomes were
self-assessed through paper questionnaires in clinics at baseline before randomization (TO0), after 3 (T1), and 6 months (T2) of
follow-ups.

Results:  Fifty-five participants in the intervention group and 49 in the control group completed the follow-up assessments
(responserate: 91.2%). During the 12-week intervention, the log-in frequency ranged from 0 to 774 times (mean 54.7; SD 131.4;
median 11; interquartile range, IQR 5-27), and the total usage duration ranged from 0 to 9371 min (mean 1072.3; SD 2359.5;
median 100; IQR 27-279). Repeated measures multivariate analysis of covariance (intention-to-treat) found that breast cancer
e-support + care as usual participants had significant better health outcomes at 3 months regarding self-efficacy (21.05; 95% ClI
1.87-40.22; P=.03; d=0.53), symptom interference (—-0.73; 95% Cl —1.35to —.11; P=.02; d=—-0.51), and quality of life (6.64; 95%
Cl 0.77-12.50; P=.03, d=0.46) but not regarding social support, symptom severity, anxiety, and depression compared with care
as usua participants. These beneficial effects were not sustained at 6 months. Spearman rank-order correlation showed that the
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breast cancer e-support usage duration was positively correl ated with self-efficacy (r=.290, P=.03), socia support (r=.320, P=.02),

and quality of life (r=.273, P=.04) at 3 months.

Conclusions: The breast cancer e-support program demonstrated its potential as an effective and easily accessible intervention
to promote women’s self-efficacy, symptom interference, and quality of life during chemotherapy.

Trial Registration:

Australian New Zeadland Clinical Trials Registry (ANZCTR):

ACTRN12616000639426;

www.ANZCTR.org.au/ACTRN12616000639426.aspx (Archived by Webcite at http://www.webcitation.org/6v1n9hGZq)

(JMIR Mhealth Uhealth 2018;6(4):e104) doi:10.2196/mheslth.9438

KEYWORDS
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Introduction

Breast cancer is amajor public health problem worldwide. In
China, breast cancer is the most frequently diagnosed cancer
for women, and approximately 81.4% of women with invasive
breast cancer receive chemotherapy [1]. However, chemotherapy
results in side effects such as pain, fatigue, and Sleep
disturbance, which adversely affect women's quality of life
(QoL) and psychological well-being [2]. These women
frequently report unmet supportive care needs [3]. To better
support women with breast cancer undergoing chemotherapy,
health promotion efforts must provide appropriate symptom
management strategies, aswell as build a sense of self-efficacy
and social support to initiate and maintain such desired strategies
[4]. With advanced technol ogy, mobile apps provide apromising
platforminwaysthat allow women with breast cancer to acquire
knowledge and interact with peers or health care professionals
when and where needed [5].

In 2017, there were approximately 1.35 hillion maobile phone
users in China, accounting for 89% of the Chinese population
[6]. It should be possible to use apps to promote quality health
care through arobust and easily accessible program. However,
there remains a paucity of randomized controlled trials (RCTs)
to evaluate the effectiveness of app-based programs targeting
women with breast cancer undergoing chemotherapy [7]. To
date, most app-based programs including women with breast
cancer have not been chemotherapy specific[8], or breast cancer
specific [9]. Furthermore, women’s usage of eHealth
interventions and their rel ationship with effectiveness hasrarely
been reported in trials[10].

We devel oped the app-based, interactive breast cancer e-support
(BCS) program (ACTRN12616000639426) [11] under the
guidance of the incorporation of Bandura's self-efficacy theory
[12] and socia exchange theory [13]. The BCS theoretical
framework has been demonstrated to be useful in the design of
a psychoeducational program to optimize patients health
outcomes [14]. The purpose of this trial was to determine the
effectiveness of BCS regarding women’s health outcomes.
Secondary aobjectivesincluded exploring the associ ation between
women’s health outcomes and the BCS usage data. A descriptive
qualitative study was employed in Part 1 of thisstudy to explore
participant perceptions of the BCSfor thosein the intervention
arm [15]. We hypothesized that BCS+CAU participants would
show significant better health outcomes in self-efficacy, social
support, symptom management, QoL , anxiety, and depression

http://mhealth.jmir.org/2018/4/e104/

across time compared with CAU participants. We aso
hypothesi zed that, as more women used the BCS program, better
health outcomes would be achieved. To the best of our
knowledge, thisisthefirst study of itskind in Chinato evaluate
app effectiveness for women with breast cancer undergoing
chemotherapy.

Methods

Study Design and Participants

The BCS study protocol was published in BMC Cancer [11].
A multicenter, single-blinded, parallel RCT was used to evaluate
the effectiveness of BCS. Women were €ligible to participate
if they were diagnosed with any stage of breast cancer within
the prior 3 to 8 weeks, were able to access the internet through
the mobile phone, were able to read and write Mandarin, and
were commencing chemotherapy. Women were excluded if
they had concurrent major physical illnesses or chronic mental
health conditions.

The study was conducted between May 2016 and February 2017
at two university-affiliated hospitalsin China. Ethics approvals
were granted from the Institutional Review Board of Xiamen
University affiliated Zhong Shan Hospital (ZSH) and Central
South University affiliated Hunan Cancer Hospital (HCH) in
China and the University of Newcastle in Austraia. The
clinicians introduced the BCS program to eligible women in
the oncology clinics, and the researchers (JZ and DW) met
interested women, confirmed their eligibility, and obtained their
consent forms. After baseline data collection, the researchers
(JZ and DW) randomly allocated women to BCS program plus
careas usual (BCS+CAU) or CAU-aone group with alocation
ratio as 1:1 and provided 30 min of program training for
BCS+CAU participants beforetheir first cycle of chemotherapy.
The research assistants (RAS) collected data at baseline (TO0),
at 3 months (T1), and at 6 months (T2) of medical follow-ups
with self-assessed paper questionnaires in the clinics. These
time frames were chosen because greatest benefits of
internet-based intervention were documented within 3 months
[16], and some benefits might be sustained 6 months later [17].
Women were provided with asmall gift (approximately US $5)
when they returned their questionnaires.

Intervention

The process of BCS devel opment was published in Technology
and Health Care [18]. User-centric design was applied in BCS
development, and the perceived ease of using the BCS program
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was assessed [18]. The researchers (JZ and DW) helped
BCS+CAU participants to download the app into their mobile
phones and to register the BCS program. After approval by the
first author from the app background thread, a unique username
was generated with automated passport (changeable later).
BCS+CAU participants did not need to pay for BCS access,
and the usernames expired 12 weeks after activation.

Because 4 cycles of chemotherapy (3 weeks/cycle) are the
minimum recommended standard [1], BCS program supported
women for 12 weeks covering from the beginning of the 1st
cycle to the end of the 4th cycle of chemotherapy. The BCS
program (Figure 1) included 4 components: (1) a Learning
forum; (2) a Discussion forum; (3) an Ask-the-Expert forum;
and (4) aPersona Storiesforum[11]. Onthebasisof Bandura's
self-efficacy theory (direct mastery experiences, vicarious
experiences, verbal persuasion, and arousal state) [12], the
Learning forum provided knowledge related to breast cancer
and symptom management strategies to address the women's
direct mastery experiences. All knowledge was evidence-based
and vaidated by multidisciplinary Chinese oncology
professionals. The Discussion forum and Ask-the-Expert forum
offered opportunitiesfor women to interact with peersand health
care professional swhere verbal persuasion and modification of
the women's perceptions of arousal states occurred. The
Personal Storiesforum involved 5 video-recorded encouraging
stories to enhance the women’s vicarious experiences. Guided
by the social exchangetheory (structural and functional support)
[13], the Discussion forum and A sk-the-Expert forum increased
the women’s structural social networks, and the interaction
within these 2 forums conveyed various functional support.

On the basis of the questions and concerns put forward in the
BCS program, the Learning forum was updated with new
knowledge every 2 weeks. The moderator, an experienced health
care professional, moderated the Discussion forum by reading
all messages daily and providing expert adviceif requested. To
protect the women's privacy, access to the questions and
response in the Ask-the-Expert forum were restricted to the
individual posing the question and health care professionals.
Eight doctors from the participating hospitals joined the BCS
program. The moderator sent reminder message to the
corresponding doctorswith incoming questions, and the doctors
answered women's questionsin the Ask-the-Expert forum within
24 hours. With the women's permission, some valuable
guestions and answers, which might be interesting for others,
were added to the Discussion forum to facilitate communication.
Technical assistance was available to the women during the
workday. It was up to women how often and how long they
made use of the BCS program.

Compar ator

Women receiving CAU alone did not have BCS access. For
both conditions, CAU consisted of health supportive carewhile
receiving chemotherapy as an inpatient. There were no
restrictionsin both groupsin terms of performing other internet
searches for information or social support.

http://mhealth.jmir.org/2018/4/e104/
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Outcomes

Women self-reported sociodemographic and clinical variables
at TO. The medica records were checked if doubts existed
regarding the clinical variables.

The primary outcome was self-efficacy at 3 months comparing
the intervention and control arms. Self-efficacy was assessed
using the Chinese version of the Stanford Inventory of Cancer
Patient Adjustment (SICPA), which is a 38-item instrument to
evaluate women'’s belief in their ability to manage problems
related to cancer [19]. The total score of SICPA ranges from 0
to 380, with higher total scores indicating higher level of
self-efficacy. The baseline internal consistency of SICPA for
this study was good (Cronbach a pha=.87).

Secondary outcomes measured the women's social support,
symptom distress, QoL, and anxiety and depression. Social
support was assessed using the Chinese version of the
Multidimensional Scale of Perceived Social Support (MSPSS),
which is a 12-item self-report instrument to evaluate women’s
perception of support [20]. The item score ranges from 1 to 7,
with a higher mean score indicating better social support. In
this study, the baseline internal consistency of the MSPSS was
.89.

Symptom distress was assessed using the Chinese version of
the MD Anderson Symptom Inventory, which consists of a
13-item symptom severity subscale to measure the severity of
each symptom and a 6-item symptom interference subscale to
evaluate the extent to which the symptoms interfere with the
patients daily life [21]. The item score ranges from 1 to 10,
with a higher mean score indicating severer symptom distress.
In this study, the baseline internal consistency for symptom
severity and symptom interference were .77 and .84,
respectively.

QoL was assessed with a Chinese version of the Functional
Assessment of Cancer Treatment-B (FACT-B), which is a
37-item instrument to evaluate the impact of breast cancer and
its chemotherapy on dimension of QoL [22]. Thetotal score of
FACT-B ranges from O to 148, with higher total scores
indicating better QoL. FACT-B had good baseline internal
consistency in this study (Cronbach alpha=.77).

Anxiety and depression were assessed using the Chineseversion
of the Hospital Anxiety and Depression Scale, which consists
of a 7-item anxiety subscale and a 7-item depression subscale
[23]. Thetotal score of each subscale rangesfrom 0to 21, with
higher total scores indicates greater anxiety or depression. In
this study, the baseline internal consistencies were .81 and .73
for the anxiety and depression subscales, respectively.

Twelveweeks' usage data, including log-in frequency and usage
duration of the whole BCS program, were tracked in the app’s
statistics module of background thread on individual basis.
Log-in frequency was recorded as the number of times a
participant logged into the app during 12 weeks. Thetotal usage
duration was recorded asthe sum of al timein minutes between
logging in and logging out. If women forgot logging out of the
app, the app ran as the background operation mode no matter
women were surfing on other websites or the mobile phones
were in standby modes. App running as the background
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operation mode was regarded as app being logged out in the

app’s statistics module when recording the usage duration.
Random Assignments and Masking

Zhu et a

each hospital, a permuted block randomized design was used
with Research Randomizer (Urbaniak and Plous) [24]. A variety
of randomly selected block sizes of 4, 6, and 8 ensured blinded
allocation. The health care team and RASs collecting data were

Women with breast cancer were randomly assigned to blinded to the women’s group allocation.
BCS+CAU or CAU aone with an allocation ratio as 1:1. For
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& Changsha-Ms. Bi

Good moming. My menstruation hasn’t come for long time
after several cycles of chemotherapy. Many patients have the
same situations as me. Is there anything we can do for it?

Nov 7%, 19:16

& Changsha-Ms. Gong
The doctor said it was better for the menstruation not to
come. [ have stopped menstruation since the surgery.

Nov 7% 21:37

4 Zhongshan-Ms. Luo
At the age of menopause. a considerable proportion of patients
are truly menopaused after chemotherapy. [t needs to check the
blood hommone level to decide whether it is the thue menopause.
Anyway, menopause is good for women with breast cancer.

Translation

on Forum
Dec 31%,15:20

Discuss

4 Zhongshan-Ms. Leng

In 2009, I underwent mastectomy and axillary lymph node
dissection on left side. followed by chemotherapy and radiother-
apy. However, this year the breast cancer recurred on my right
side. I also received mastectomy and axillary lymph node dissec-
tion on nght side. I have completed 8 cycles of chemotherapy.
Now there is edema for the whole body, and the four extremities
are swollen particularly severely. I did all the medical examina-
tions, and the results showed normal. [ am suffering a lot from
the edema. Could you please help me, dear doctors?

Dec 31%,22:05

* Doctor-Lee
Edema is common after chemotherapy and you will recover
gradually. Message and physical therapy will relieve the Oede-
ma. It is better for you to visit me in the hospital. T can prescribe
some cream for you.

Translation

IMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 [e104 | p.112
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Sample Size Calculation

The study sample size was determined by the primary outcome
of self-efficacy, with the standardized effect size of 0.60 reported
in a previous psychosocia tria [25]. A sample of 108
participants (54 participants per group) was needed to detect an
effect size of at least 0.60, with 80% power, two-sided P<.05,
and 20% attrition. A dropout rate ranging from 10% to 20%
was reported in previous studies involving an app-based study
[9,26]. Finally, the recruitment numbered 114 participants in
total (57 participants per group).

Statistical Analysis

IBM SPSS Statistics 22.0 (IBM Corp, New York, USA) was
used to analyze the data [27]. Intention-to-treat analysis with
the last observation carried forward was applied to account for
missing data. All baseline demographic characteristics, clinical
variables, and baseline outcomes were compared using
independent samples t test for continuous variables and
chi-square test or Fisher exact test for categorical variables
between the randomized assigned groups, as well as between
participants who completed all follow-ups and who dropped
out. The effectiveness of intervention on the primary and
secondary outcomes was tested using repeated measures
multivariate analysis of covariance with a group as a
between-subject factor, time as a within-subject factor, and the
interaction between group and time, adjusted by baseline
corresponding outcomes. Because the women were randomly
assigned at each hospital, the hospital site was not included as
a random effect. The adjusted mean difference (95% ClI)
between groups at each of the following-up points are reported,
with the adjusted mean (SDs), significance level, and effect size
(Cohen d). The adjusted means and pooled SD were used to
calculate the effect size Cohen d for independent groups. With
the caveat that only for women in the intervention group, the
mean (SD), median, interquartile range (IQR), and maximum
were used to describe log-in frequency and usage duration of
the BCS program. Due to the highly skewed nature of the BCS
usage data, Spearman rank-order correlation was calculated
between the women’'s BCS usage data and unadjusted outcome
variables at three time points. P<.05 was considered statistically
significant.

Results

Participant Characteristics

Between May 2016 and August 2016, 163 women were assessed
for eigibility: 32 women (19.6%) were ineligible, 17 women
(10.4%) refused, and 114 women (69.9%) underwent random
assignment. Of the 114 women randomly assigned, 44 women
(38.6%) wererecruited from ZSH, and 70 women (61.4%) were
recruited from HCH. Data collection wasfinalized in February
2017. Figure 2 presents the Consolidated Standard of Reporting
Trials flowchart [28].

The two groups were comparable at baseline regarding
demographic, clinical-related, and outcome measures (Table
1). Therewere more participantswith missing dataat T1 among
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the CAU participants (n=7) than among the BCS+CAU
participants (n=1), but the difference was not significant (P=.06).
Baseline variables in Table 1 did not show a significant
difference between participants who completed al follow-ups
(n=104) and who dropped out (n=10). A total of 96% of
BCS+CAU participants (n=55) and 86% of CAU participants
(n=49) completed the follow-up assessments.

Effectivenessof the Breast Cancer e-Support Program

Regarding the primary outcomes, the women'’s self-efficacy in
both groups was reduced after chemotherapy began. Adjusted
for the baseline self-efficacy, the decreasein self-efficacy at T1
was significantly lessfor BCS+CAU participantsthan for CAU
participants, with amedium effect size (P=.03; d=0.53; adjusted
mean difference=21.05; 95% Cl 1.87-40.22; Table 2).

Regarding the secondary outcomes, both symptom severity and
symptom interference increased from TO to T1. Adjusted for
baseline symptom interference, the increase in symptom
interference at T1 was significantly less for BCS+CAU
participants than for CAU participants, with a medium effect
size (P=.02; d=—0.51; adjusted mean difference=—.73; 95% CI
-1.35t0-.11; Table 2). No such differencein symptom severity
was found. The QoL declined following the commencement of
chemotherapy. Controlled for baseline QoL, the drop in QoL
for BCS+CAU participants was significantly less than that for
CAU participants, with a small to medium effect size (P=.03,
d=0.46; adjusted mean difference=6.64; 95% CI 0.77-12.50;
Table 2). There was no significant group difference for social
support, anxiety, and depression from TO to T1. At the 6-month
follow-up, our intervention did not lead to significant
improvement in any health outcomes from T1 to T2. Figure 3
presents a graphical representation of the mean percentage
changein health outcomes. The hypothesisthat theintervention
could enhance health outcomes was partially supported.

Association Between the Breast Cancer e-Support
Usage Data and Health Outcomes

BCS usage varied considerably. During the 12-week
intervention, the log-in frequency ranged from O to 774 times
(mean 54.7; SD 131.4; median 11; IQR 5-27), and the total
usage duration ranged from 0 to 9371 min (mean 1072.3; SD
2359.5; median 100; IQR 27-279). Two BCS+CAU participants
never logged into the BCS program. The association between
log-in frequency and outcomes variables was not found in this
study.

BCS usage duration was correlated with different health
outcomes at three time points. At TO, self-efficacy (r=.439,
P=.001) and QoL (r=.313, P=.02) showed apositive correlation
with the BCS usage duration, whereas symptom severity
(r=—.297, P=.03) was inversely related to the women's BCS
usage duration. At T1, self-efficacy (r=.290, P=.03), social
support (r=.320, P=.02), and QoL (r=.273, P=.04) were
positively related to the BCS usage duration. At T2, self-efficacy
wasgtill correlated with the BCS usage duration (r=.329, P=.01),
whereas anxiety was inversely correlated with the BCS usage
duration at T2 (r=-.300, P=.03).
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Figure 2. Consolidated Standard of Reporting Trials (CONSORT) diagram of Breast Cancer e-Support program (BCS) program. HCH: Central South
University affiliated Hunan Cancer Hospital; ZSH: Xiamen University affiliated Zhong Shan Hospital.
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Table 1. Comparison of demographic/clinical characteristics and baseline outcomes between the groups (n=114).

Demographic/clinical characteristics and baseline outcomes®  Total (N=114) BCSP+CAUC participants(N=57) CAU participants (N=57)

Agein years, mean (SD) 47.2 (8.3) 46.2 (8.5) 48.2 (8.1)
Marital status, n (%)

Married 111 (97.4) 57 (100) 54 (95)
Single 2(1.8) 0(0) 2(1)
Divorce 1(0.9) 0(0) 1(1)

Education level, n (%)

No education 17 (14.9) 8 (14) 9(16)
Elementary school 31(27.2) 13 (23) 18 (32)
Junior middle school 33(28.9) 16 (28) 17 (30)
High school 21(18.4) 12 (21) 9(16)
University or above 12 (10.5) 8(14) 4(7)

Monthly family income (USD)d, n (%)

<148 22 (19.3) 14 (25) 8 (14)
149-442 60 (52.6) 24 (42) 36 (63)
443-738 17 (14.9) 10 (18) 7(12)
>739 14 (12.3) 8 (14) 6 (11)
Missing data 1(0.9) 1(2) 0(0.0)

Currently employmentd, n (%)

Yes 19 (16.7) 10 (18) 9(16)

No 86 (75.4) 44(77) 42 (74)

Missing data 9(7.9 3(5) 6 (11)
Body massindex (kg/m?), mean (SD) 23.4(2.9) 23.0(2.6) 237(3.2)
Cancer stage, n (%)

1 21(18.4) 9(16) 12 (21)

2 49 (43.0) 28 (49) 21(37)

3 42 (36.8) 19(33) 23 (40)

4 2(18) 12 12
Surgery, n (%)

Breast conserving surgery 5(4.4) 3(5) 2(4)

Mastectomy 97 (85.1) 45 (79) 52 (91)

Others 12 (10.5) 9 (16) 3(5)
Comorbidity, n (%)

Yes 3(2.6) 12 2(4)

No 111 (97.4) 56 (98) 55 (96)
Complication, n (%)

Yes 1(0.9) 0(0) 1(2)

No 113 (99.1) 57 (100) 56 (98)
Cycles of chemotherapy, n (%)

Four cycles 18 (15.7) 9(16) 9(16)

Six cycles 27(23.7) 11 (19) 16 (28)

Eight cycles 69 (60.5) 37 (65) 32 (56)
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Demographic/clinical characteristics and baseline outcomes?

Total (N=114)

BCSP+CAUC participants (N=57)

CAU participants (N=57)

Chemotherapy regimen, n (%)

Cyclophosphamide+Epirubicin+Docetaxel
Docetaxel +Cyclophosphamide+Herceptin
Theprubicine+Cyclophosphamide+Docetaxel +Herceptin

Liposomal doxorubicin or Pharmorubicin+Cyclophos-
phamide

Herceptin
Vinorelbine+Cisplatin or Lobaplatin
Others

Health outcomes, mean (SD)

Self-efficacy

Saocial support
Symptom severity
Symptom interference
Qudlity of life
Anxiety

Depression

47 (41.2)
18 (15.8)
17 (14.9)
14 (12.3)

8(7.0)
7(6.1)
3(2.6)

224.7 (59.2)
55(0.7)
35(20)
31(1.9)
92.8 (18.4)
9.9 (2.4)
12.6 (2.2)

25 (44)
9 (16)
8 (14)
5(9

4(7)
4(7)
2(4)

235.3(64.6)
5.6(0.7)
33(20)
2.8(18)
94.6 (19.5)
10.3 (2.4)
12.6 (2.0)

22(39)
9 (16)
9 (16)
9 (16)

4(7)
3(5)
1(2)

214.1 (51.7)
5.4(0.8)
37(20)
33(21)
90.9 (17.3)
95(2.3)
12.6 (2.4)

3o significant difference were found between two groups (P>.05). P values were calculated using independent samplest test for continuous variables

and chi-square tests or Fisher exact test for categorical variables.

bBCS: breast cancer e-support program.
PCAU: care as usual.
IMiss ng data present.
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Table 2. Effect of breast cancer e-support (BCS) program (intention-to-treat analysis) on primary and secondary outcomes at 3 months (T1) and 6

months (T2); N=114.

Treatment effect Mean (SD) Adjusted mean difference pgue?  Effectsize
BCS+CAUP participants  CAU participants O ) (Gonend)
(n=57) (n=57)
Primary outcomes
Self-efficacy (SICPA®) [19]
T1 227.12 (66.80) 197.07 (43.44) 21.05 (1.87 10 40.22) .03 0.53
T2 232.09 (69.01) 220.91 (56.32) 3.40 (-19.05 to 25.86) .76 0.18
Secondary outcomes
Social support (MSPSSY) [20]
T1 5.24 (1.00) 5.47 (2.75) -0.39(-1.15t0 0.38) .32 -0.11
T2 5.62 (.65) 5.42 (.80) 0.14 (-0.13t0 0.41) 31 0.27
Symptom severity (MDASI®) [21]
T1 3.79 (1.81) 417 (1.72) -0.21 (-0.72 0 0.31) 42 -0.22
T2 3.67(2.21) 4.30 (1.89) -0.26 (-0.88 t0 0.36) 41 -0.31
Symptom interference (M DASI) [21]
T1 2.99 (1.78) 3.93(1.91) -0.73 (-1.35t0 -0.11) .02 0.51
T2 3.11(2.01) 3.84(1.95) -0.57 (-1.27 t0 0.13) 11 -0.37
Quality of life (FACT-B") [22]
T1 92.87 (21.39) 84.09 (15.99) 6.64 (0.77 to 12.50) .03 0.46
T2 92.16 (21.24) 85.66 (15.58) 5.23 (—1.34 to 11.80) 12 0.35
Anxiety (HADSY) [23]
T1 9.93 (2.72) 10.28 (2.46) -0.77 (-1.62 t0 0.08) .07 -0.14
T2 10.58 (2.87) 10.26 (2.39) -0.05 (~0.96 to 0.86) 92 0.12
Depression (HADS) [23]
T1 12.75 (1.57) 12,58 (2.15) 0.17 (-0.52 to 0.87) 62 0.09
T2 13.28 (2.02) 12.65 (2.53) 0.63 (-0.20 t0 1.45) 14 0.28

8A|l P values were calculated using an analysis of covariance with adjustment for baseline value of the corresponding questionnaire.

bCAU: care as usudl.

CSICPA: Stanford Inventory of Cancer Patient Adjustment.
dMSPSS: Multidimensional Scale of Perceived Social Support.
EMDASI: MD Anderson Symptom Inventory.

FACT-B: Functional Assessment of Cancer Treatment-B.
9HADS: Hospital Anxiety and Depression Scale.

http://mhealth.jmir.org/2018/4/e104/

RenderX

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 [e104 | p.117

(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Zhu et a

Figure3. Mean percentage changes of health outcomes from baselineto posttests (n=114). Score at 3 months percentage change=(score at 3 months-score
at baseline)/score at baseline; Score at 6 months percentage change=(score at 6 months-score at baseline)/score at baseline.
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Discussion

Principal Findings

The strength of this study included health-focused theoretical
underpinnings that support the design of the BCS program and
the study’s methodol ogical rigor in data collection and analysis.
This study found that, when women are in the midst of early
struggle with breast cancer and chemotherapy, 12-week access
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to BCS program plus CAU resulted in significant better health
outcomes regarding self-efficacy, symptom interference, and
QoL compared with CAU alone at 3 months. However, these
beneficial effects were not sustained at 6 months. Access to
BCSdid not influence socia support, symptom severity, anxiety,
and depression at follow-ups. The BCS usage duration was
positively correlated with self-efficacy, social support, and QoL
at 3 months.
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BCS participants reported significantly better self-efficacy at 3
months compared with control participants. In addition, a
positive relationship was found between self-efficacy and the
BCS usage duration at baseline, 3 months, and 6 months of
follow-ups. Self-efficacy determineswhether the women would
initi ate the actions, how much effort they exerted, and how long
they sustained the effort when encountered with obstacles[12].
Consistent with prior research [14,25], we demonstrated that
the self-efficacy theory and social exchange theory are usable
in guiding the devel opment of an app-based program to enhance
self-efficacy.

BCS+CAU participants showed better QoL at 3 months.
Furthermore, BCS usage duration was positive rel ated with QoL
at baselineand 3 months. Similarly, Gustafson et a [29] reported
that the Comprehensive Health Enhancement Support System
(CHESS) had a positive impact on QoL for women with breast
cancer. CHESS is a computer-based program involving an
information module, a communication module, and an
interactive coaching module [16], which are, currently, easy to
install and use through apps. Our BCS program indicated that
the app-based BCS program could provide comparative
functionality and achieve dmilar effectiveness as
computer-based programs [29], whereas women could enjoy
the advantage of convenience and easy access of apps.

This study achieved a significant group difference in symptom
distress only for the subscale of symptom interference, not for
the subscale of symptom severity, a¢ 3 months. Decreased
symptom distress is a critical indicator of successful health
support [30]. BCS program may modify women’sinterpretation
of the extent to which symptomsinterfered with their daily lives.
In this study, symptom severity was inversely correlated with
BCS usage duration at baseline. Some women might have
experienced high levels of symptoms such as pain or fatigue
that hindered their BCS engagement, potentially diluting the
results. Future app-based studies might involve caregiversusing
the app to support the patients when the patients are
experiencing severe symptoms.

BCS program did not significantly change social support relative
to the effect of CAU alone at 3 months. In China, there are many
existing popular mobile phone-based chat platforms, such as
Webchat and QQ, which women in both groups were more
familiar with and used for seeking social support, thus
potentially competing for theimpact of BCS program on social
support. However, among BCS+CAU participants, our study
found that women's BCS usage duration was positively
associated with the perceived social support at 3 months,
indicating that the longer women used the BCS program, the
higher women perceived social support. The BCS superiority
to other online chat platform is the credibility of information
provided and medical consultation from experts, which should
be addressed to promote engagement with BCS.

In addition, the study found that the BCS program did not
significantly reduce the BCS+CAU participants anxiety and
depression at 3 months. Accessto awide variety of knowledge
related to breast cancer and chemotherapy may not relieve the
women's anxiety and depression [31]. Moreover, literature
shows inconsistent findings regarding the effects of eHealth on
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anxiety and depression for cancer patients[32], which needsto
be addressed in the future research.

This study found no long-term effects for women at 6 months.
This may be because women could access the BCS program
for 12 weeks only, and the BCS program may produce little
residual advantage at 6 months. However, the physical and
psychosocial symptoms may persist for 12 months or even
longer after the completion of the chemotherapy [33]. Thus,
allowing womento retain BCS accesslonger may havereveaed
different outcomes at 6 months. Moreover, the majority of
participating women had completed chemotherapy and were
experiencing physical, psychological, and socia recovery at 6
months. It is possible that BCS program focuses on
chemotherapy support and does not include sufficient knowledge
for adjustment after completion of the treatment, which should
be addressed for future app-based studies to achieve long-term
effect.

Women's engagement in the BCS program needs to improve.
In our study, the median of usage data showed that the BCS
engagement was relatively low, and the big difference between
mean and median indicated usage polarization among BCS
participants. Meanwhile, our study found that the BCS usage
duration was positively related to self-efficacy, social support,
and QoL for BCS participants at 3 months, indicating that
women drew more benefitsif they used the BCS program more
often. These usage data could be helpful to explain why the
BCS program achieves or fails in the desired outcomes [34].
The design of the BCS program needs to be improved to
encourage engagement for amore effective app-based program.
In our qualitative process evaluation, women suggested to add
message reminders to prompt instant communication and add
search engine to help locate information more quickly [15],
which could lead to more engagement and should be addressed
in the future trial.

Due to time and resource limitations, the participants of this
study were recruited from 2 university-affiliated hospitals. Our
sample characteristics, such as the participants mean age,
marital status, educational level, cancer stage at diagnosis, and
treatment type were comparable to the national clinical
epidemiological data on breast cancer [1,35]. Their current
employment status and family income of the participantsin this
study were also similar to other studies on patients with breast
cancer or other cancers during chemotherapy [25,36]. Thus, our
study could generalize to women with breast cancer in China
with similar characteristics. However, further multicenter studies
are needed to provide more conclusive results.

Limitations

This study possessed several limitations. The requirement of
mobile phone internet access may have resulted in a more
tech-savvy population who were more comfortable with mobile
phone use, potentialy limiting the generalization of this study.
However, in future, more women will be able to use apps, and
the BCS application may be greater. The BCS engagement
shows scope of improvement and warrants attention. No
long-term effect was found. Future app-based studies should
explore different strategies to reduce potentia barriers such as
the involvement of the caregivers in the app use, to promote
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engagement by addressing the benefits of this credible resource
and health care professionals’ involvement, and to extend the
access time to 12 months after the completion of medical
treatment to test the long-term foll ow-up effect. Moreover, the
app has not been designed to track women’s usage data on a
weekly or monthly basis. The lack of BCS dynamic usage data
meansthat it is not possible to inform how often and how long
the BCS program should be used to have a short-term and
long-term effect [17]. Continued research is warranted
considering the promising findings of thistrial.

Zhu et a

for Chinese women with breast cancer in the world. This app
also has the potential to be trandated to other languages for
culturally and linguistically diverse groups. Health care
professionals are in a prime position to incorporate app-based
program asaroutine careto enhance health outcomesfor women
with breast cancer undergoing chemotherapy, as well as for
other cancer patients. This study provides evidence for policy
makers and hospital administrators to allocate resources for
development and implementation of apps related to health
promotion to further advancethiseffort. Thisiscrucial because

mobile apps are being increasingly utilized as supplementary
interventions for individuals when the feasibility of face-to-face
interventionsis challenged by physical limitations or geographic
distance [37].

Conclusions

The BCS program demonstrates its potential for dissemination
globally to support women with breast cancer during
chemotherapy. The application of thisapp seemsto be promising
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Abstract

Background: Self-monitoring is a cornerstone of behavioral lifestyle interventions for obesity and type 2 diabetes mellitus.
Mobile technology hasthe potential to improve adherence to self-monitoring and patient outcomes. However, no study hastested
the use of a smartphone to facilitate self-monitoring in overweight or obese adults with type 2 diabetes mellitus living in the
underserved community.

Objective: The aim of this study was to examine the feasibility of and compare preliminary efficacy of a behaviora lifestyle
intervention using smartphone- or paper-based self-monitoring of multiple behaviors on weight loss and glycemic control in a
sample of overweight or obese adults with type 2 diabetes mellitus living in underserved communities.

Methods: We conducted arandomized controlled trial to examinethe feasibility and preliminary efficacy of abehavioral lifestyle
intervention. Overweight or obese patients with type 2 diabetes mellitus were recruited from an underserved minority community
health center in Houston, Texas. They were randomly assigned to one of the three groups: (1) behavior intervention with
smartphone-based self-monitoring, (2) behavior intervention with paper diary-based self-monitoring, and (3) usual care group.
Both the mobile and paper groups received atotal of 11 face-to-face group sessionsin a 6-month intervention. The mobile group
received an Android-based smartphone with 2 apps loaded to help them record their diet, physical activity, weight, and blood
glucose, along with a connected glucometer, whereas the paper group used paper diaries for these recordings. Primary outcomes
of the study included percentage weight loss and glycated hemoglobin (HbA ;) changes over 6 months.

Results: A total of 26 patients were enrolled: 11 in the mobile group, 9 in the paper group, and 6 in the control group. We had
92% (24/26) retention rate at 6 months. The sample is predominantly African Americans with an average age of 56.4 years and
body mass index of 38.1. Participants lost an average of 2.73% (mobile group) and 0.13% (paper group) weight at 6 months,
whereas the control group had an average 0.49% weight gain. Their HbA ;. changed from 8% to 7 % in mobile group, 10% to

9% in paper group, and maintained at 9% for the control group. We found a significant difference on HbA . at 6 months among
the 3 groups (P=.01). We did not find statistical group significance on percentage weight loss (P=.20) and HbA ;. changes (P=.44)
overtime; however, we found alarge effect size of 0.40 for weight loss and a medium effect size of 0.28 for glycemic control.
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Conclusions: Déliveringasimplified behavioral lifestyleintervention using mobile health—based self-monitoring in an underserved
community is feasible and acceptable and shows higher preliminary efficacy, as compared with paper-based self-monitoring. A
full-scale randomized controlled trial is needed to confirm the findingsin this pilot study.

Trial Registration: Clinical Trials.gov NCT02858648; https:.//clinicaltrials.gov/ct2/show/NCT02858648 (Archived by WebCite at

http://www.webcitation.org/6ySidimT7)

(JMIR Mhealth Uhealth 2018;6(4):€92) doi:10.2196/mhealth.4478
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Introduction

More than two-thirds of American adults are overweight or
obese [1]. New statistics show that obesity rates are on therise
[2]. Among adults in the United States with diabetes, 80.3%
were overweight or obese (body mass index, BMI>25) [3].
Overweight and obesity are major contributors to increased
incidence of type 2 diabetes mellitus (T2DM) [4], which is
associated with serious comorbid conditionsincluding long-term
damage from micro and macrovascular diseases to multiple
organs (eg, eyes, kidneys, nerves, heart, and blood vessels) [5].
Strong evidence supports the efficacy of a behaviora lifestyle
modification for weight loss, glucose control, and cardiovascular
disease (CVD) risk reduction in overweight or obese adultswith
T2DM [6,7]. The landmark Look AHEAD (Action for Health
in Diabetes) trial demonstrated the efficacy of an intensive
lifestyle intervention in achieving clinically significant weight
loss, glucose control, and CV D risk reduction in overweight or
obese adults with T2DM [7]. However, athough a recent
meta-analysis showed that achieving aweight loss of >5% did
demonstrateimprovement in metabolic parameters, most studies
did not show aweight loss in this range [8]. In particular, few
studies provided evidence to support the effectiveness of
behavioral lifestyle interventions among underserved
populations. A systematic review evauating behavioral
interventionsfor African Americanswith T2DM suggested that
clinical trials are needed to tailor interventions to this largely
underserved population [9].

Medically underserved populations or patients from medically
underserved areas, as defined and designated by the Health
Resourcesand Services Administration [10], aretypically older
or face barriers to good health and health care based on their
income, education, race or ethnicity, or other socia and
economic factors. Diabetes self-management has been a
challenge for al diabetes patients, especially underserved
individuals [11,12]. Trief and colleagues found that adherence
to diabetes self-management is particularly poor for older
minority patients from underserved areas, and adherence is a
significant mediator of glycemic control for this population
[13]. More innovative and practical strategies are needed to
address such disparity and improve glycemic control for
underserved T2DM patients.

Self-monitoring of dietary calorie and fat intake and physical
activity (PA) was emphasized as a key strategy in the two
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landmark behavioral lifestyleintervention studies, the Diabetes
Prevention Program and the Look AHEAD study [14,15]. Ina
recent systematic review [16], daily self-monitoring of weight
was found to be effective in weight loss without causing
negative psychological outcomes. Self-monitoring of
carbohydrate intake and self-monitoring of blood glucose
(SMBG) are standard practice in diabetes self-management
education. However, whether SMBG is effective in the
management of T2DM for persons not receiving insulin remains
controversia [17]. A systematic review of 30 trials suggested
that not using SMBG results to guide corresponding lifestyle
behavior changes might have contributed to the inconclusive
findings on the effect of SMBG. Thus, we hypothesized that
enhancing patients' problem-solving skillsusing SMBG results
through reflecting, self-monitoring, and regulating diet, activity,
and weight could increase the effectiveness of SMBG. Daily
self-monitoring of carbohydrate intake, along with
self-monitoring of weight and blood glucose, was not part of
the included in the two landmark behavioral lifestyle
intervention studies [14,15] but holds promise in further
improving patient outcomes when used alongside diet and
activity self-monitoring.

Although traditional paper diarieswere used for self-monitoring
inthe two landmark behavioral intervention studies, researchers
have tested the use of electronic diaries for self-monitoring
[18-20] and found these as effective as paper diaries and less
burdensome and time consuming. Initialy, Burke and colleagues
examined the use of persona digital assistants (PDAS) for
self-monitoring [18,19] to strengthen the effect of abehavioral
weight loss intervention and found PDAs to be a viable
alternative that is convenient to use. Astechnological advances
have rendered PDAs obsolete, more recent research tested
smartphones to reduce patient burden in self-monitoring and in
counting calories using a booklet. Current research comparing
the effectiveness of mobile health (mHealth) technology such
as PDAs or smartphone apps vs paper diaries to support
self-monitoring did not find significant difference on weight
loss outcome in several behavioral weight loss trias [21,22].
Moreover, theseweight losstrials focused on obese populations
only [21,22]; no study compared the two modalitiesin T2DM
patients with comorbid overweight or obesity. Although there
are studies testing the use of mHealth tools for diet, PA, and
blood glucose self-monitoring as part of a heath coaching
intervention in T2DM patients [23,24], none of these studies
compared the two self-monitoring modalities.
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Figure 1. Study model modified from social learning theory and self-regulation theory.
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Thus, we proposeto fill the scientific gap in testing abehavioral
lifestyle intervention for underserved T2DM patients using
mHealth tools to enhance multiple-behavior self-monitoring of
diet, PA, weight, and blood glucose in a pilot comparative
effectiveness trial. On the basis of self-regulation theory, we
hypothesized that monitoring multiple behaviors (ie, calorie
and fat consumption, exercise, and carbohydrate intake) and
associated health outcomes (ie, weight and blood glucose levels)
simultaneously can result in behavior change through better
self-awareness of how eating and exercise play arole in both
weight and glycemic control (Figure 1). In thisstudy, we sought
to assess the feasibility of this mHealth-enhanced intervention
and compare its preliminary efficacy with that of paper-based
multiple-behavior monitoring and standard diabetes care and
education in improving glycemic outcomes among overweight
or obese adultswith T2DM living in underserved communities.

Methods

Study Design

We conducted athree-group pilot randomized controlled clinical
trial comparing the efficacy of abehavioral lifestyleintervention
modified for underserved populations using either (1) mobile
or (2) paper-based toolsfor self-monitoring of diet, PA, weight,
and blood glucose and (3) usual diabetes care and education on
glycemic control and weight loss at 3 and 6 months. We used
amixed-method design with quantitative measures to evaluate
the feasibility and preliminary efficacy of the intervention and
conducted focus groups to assess participants’ acceptability of
theintervention. We are reporting the quantitative study findings
in this paper. The study is approved by the institutional review
board at the University of Texas Health Science Center at
Houston. Consolidated Standards of Reporting Trias
(CONSORT) of Electronic and Mobile HEalth Applications
and onLine TeleHealth was used to guide the reporting of this
study; a checklist was uploaded as Multimedia Appendix 1 in
this paper [25].

Sample and Sample Size

Participant inclusion and exclusion criteria are shown in
Textboxes 1 and 2.
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We used the age criteria from the Look AHEAD clinical tria
and limited the exclusion criteria to include a general clinical
population with a goal to be pragmatic in the nature of this
study. To obtain a more representative sample of the
underserved popul ation, weincluded patientswith amputations
as long as they were able to perform regular activity such as
walking. Due to the nature of this study being a pilot and
feasibility study, we aimed to recruit 30 patientswith 10 patients
in each group.

Setting

Participants were recruited from an American Diabetes
Association certified diabetes education program located in a
community health center primarily serving uninsured or
underinsured individualsliving in Harris County, Texas. Flyers
were distributed to the patients attending diabetes
self-management education classes by their diabetes educators.

Enrollment and Randomization

If patients showed interest in this study and approached the
study team for more details, they were screened for eligibility
based on theinclusion and exclusion criteria; their diagnosis of
T2DM was confirmed via chart review. Informed consent was
obtained from all eligible study participants before enrollment.
The study participants were aware of the differences among the
three randomization groups during the consenting process. After
consent and enrollment, we assigned each patient with a study
ID number. The study statistician generated a randomization
sheet with the group assignment for each study ID. Study
participantswere then randomly assigned to one the three study
groups based on the randomization sheet.

I ntervention

I ntervention Overview

Toincrease study replicability, key differences among thethree
randomization groups and the behavioral lifestyle intervention
in the landmark Look AHEAD trial (intervention materials are
publicly available at look ahead trial website) are presented in
Table 1.
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Textbox 1. Inclusion criteria.

Individuals wereincluded if they

« had adiagnosis of type 2 diabetes mellitus (T2DM) for at least 6 months by self-report and later confirmed in the electronic health records
«  wereoverweight or obese (body massindex, BM|>25)

. wereaged 21to 75 years

« wereableto read and writein English

« had completed or were about to compl ete the basic diabetes self-management education offered at the recruitment site

Textbox 2. Exclusion criteria.

Individuals were excluded if they

« wereunableto perform regular activity

» had aplanned vacation in the next 6 months

»  had substance abuse in the past year

« had ahistory of severe psychiatric disorders (eg, bipolar disorder or schizophrenia)

« werecurrently or planned to be pregnant or nursing in the next 6 months

«  had previoudly participated in an intensive behavioral lifestyle intervention

Table 1. Comparison of key intervention components among three randomization groups and standard behaviora lifestyle intervention used in the
landmark Look AHEAD (Action for Health in Diabetes) trial. SMBG: self-monitoring of blood glucose.

Intervention components

Look AHEAD (Action for
Health in Diabetes)

Paper group

Mobile group

Usual care and education

Self-monitoring

Self-monitoring of diet

Self-monitoring of
physical activity

Daily self-monitoring
of weight

Self-monitoring of
blood glucose

Behavioral intervention ses-
sions

Usual care and diabetes edu-
cation

Meal replacement

Paper diaries given to moni-
tor meals, calories, fat goals

Paper diaries given to moni-
tor exercise minutes, calo-
ries burned

Not part of the intervention

Not part of the intervention

Month 1-6, weekly sessions
(3 group + 1 individual)

Yes

In additionto Look AHEAD
protocol, add afocus on
self-monitoring of carb in-
take, SMBG, and self-moni-
toring of weight

Same as Look AHEAD
group

Yes, aweight scale, and
placein apaper diary to
document

Recommend every other day
at the recruiting center, free
glucometer and strips once
every other day, our study
will supplement strips for
daily SMBG

11 group sessions + 1 indi-
vidua sessionin thefirst 6
months

Same asusual care and edu-
cation group

No

Use smartphone app with
connected glucometer to
monitor the same parameters
as the paper group

Smartphone app

Provide awireless weight
scale and its companion
smartphone app for daily
weight monitoring

Provide wirel ess glucometer
and its companion smart-
phone app and strips for
daily SMBG

Same as paper group

Same as usual care and edu-
cation group

No

No, diabetes educator may
do one dietary recall during
an education visit or give
genera recommendationsto
carb counting

No

Recommend every other day
at the recruiting center, free
glucometer and strips once
every other day, our study
will supplement strips for
daily SMBG

No

3 group classes and follow
up classes as needed with
diabetes educators, physi-
cian visit about every 6
months depending on condi-
tion

Not recommended at there-
cruitment site
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Usual Diabetes Care and Education Group

Participantsin the control group received usual care and diabetes
education from their primary care physicians and diabetes
educators. The recruiting community health centers offer a
diabetes education program for all diabetes patients. The
diabetes education program consists of individua visits or a
series of two interactive group classes taught by registered
dietitians or nurses who are certified diabetes educators. The
topics covered in the sessions are as follows. SMBG skills,
carbohydrate counting, healthy eating and exercise, and therisk
and management of hyperglycemic and hypoglycemic situations.
Patients are not typically asked to self-monitor diet, activity,
and weight on a daily basis in diabetes education. During
diabetes education, patientstypically set oneto three behavioral
goals centered on nutrition, PA, risk prevention, SBMG, or
medication.

Group and Individual Behavioral Lifestyle I ntervention
Sessions for Both the M obile and Paper Groups

In addition to receiving usual diabetes care and education at the
recruiting community center, both the mobile and paper groups
received a standard behavioral lifestyleintervention comprising
11 group sessions—weekly for month 1, biweekly for months
2 and 3, and monthly for months 4 to 6—and an individual
session after month 3. The group sessions were held at the
recruiting community health center and included a grocery
shopping trip. Pedometers, weight scales, and food scaleswere
distributed in the sessions. The topics for the 11 sessions were
as follows: (1) Welcome to the Program; (2) Be a Fat and
Calorie Detective; (3) Healthy Eating; (4) Grocery Shopping
and Cooking; (5) Move Those Muscles, Jump Start Your
Activity Plan; (6) Tip the Calorie Balance, Take Charge of
What's Around You; (7) Problem Solving, Stress, and Time
Management; (8) Four Keysto Healthy Eating Out, Make Social
Cues Work for You; (9) Slippery Slope of Lifestyle Change,
Ways to Stay Motivated; (10) Prepare for Long-Term
Self-Management, More Volume or Fewer Calories; and (11)
Balance Your Thoughts, Strengthen Your Exercise Program.
Each session took approximately 1 to 2 hours.

Two lifestyle counselors were trained using publicly available
materialsand adigital optical disc and printed training materials
from the Group Lifestyle Balance (GLB) program and the L ook
AHEAD intervention. On the basis of GLB and Look AHEAD
intervention principles, a standard behavioral intervention
program typically includes group sessions focused on the
following behavioral strategies: (1) goal setting, (2) feedback,
(3) portion control, (4) cooking class, (5) field trip, (6) social
support, (7) incentives, (8) problem solving, (9) relapse
prevention, and (10) self-monitoring. All of these strategiesin
the original 12 core ons and four transition sessionsin the
first 6 months of the GLB program wereintegrated and delivered
in the 11 group sessions. An individual intervention was added
ad hoc to evaluate individualized goals and behavior change
plans; review individual weight loss goals, current weight, and
diaries; how to tip the calories; and develop specific diet and
PA goalsto reach weight loss goal.

To adapt the intervention for the underserved population, all
intervention materials were modified to be at 9th grade reading
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level. Intervention sessions were delivered at the recruiting
community health center that is closeto most of the participants
homes. The grocery shopping trip was aso conducted in the
neighborhood where the participants typically shop.

Multiple-Behavior Self-Monitoring I ntervention for the
M obile and Paper Groups

Participants received training on how to self-monitor their diet
and exercise habits, weight, and blood glucose in the first two
sessions. Specifically, both groups were instructed to record
their exercise activities (minutes and type of activity) and specify
the foods they ate; the amount eaten; the number of calories,
fat grams, and carbohydrates; their weight; and their blood
glucose using apaper diary or an electronic diary depending on
their group randomization.

Mobile group: for those who did not have a smartphone, we
provided a smartphone for use over 6 months. None of the
participants assigned to this group owned a smartphone, so all
study participants in the group were given a smartphone with
two apps downloaded by the study team. The participants used
the Loselt! (FitNow, Inc, Boston, Massachusetts) smartphone
app for self-monitoring of diet, PA, and weight and the Diabetes
Connect app (PHRQL Inc, Pittsburgh, Pennsylvania) connected
with MyGlucoHealth, a Bluetooth-enabled glucometer (Entra
Health Systems LLC, San Diego, California). There were no
prompts or reminders embedded in these apps; however, we
discussed self-monitoring results and encouraged participants
to share experience using them during the 11 face-to-face group
sessions.

Paper group: we provided CalorieKing food and exercise
journals to study participants to write down their daily dietary
intake and exercise. We instructed them to record their weight
and blood glucose levels on the same pages, with the goal of
hel ping them make connections between their diet, PA, weight,
and glucose outcomes. Free stand-alone glucometers were
provided to all patients at the recruitment sites. A CalorieKing
counter, calculator, food scale, and food measuring set was
provided to each participant in the paper group to measuretheir
food portions; look up calorie, fat, and carbohydrate content;
and calculate the total numbers for dietary self-monitoring.

Treatment Fidelity

A checklist was developed and used for each group and
individual session to track the content delivered. The principal
investigator (Pl) attended at |east 80% of the group onsfor
both paper and mobile groups to ensure treatment fidelity.
Training of thetwo lifestyle counselors (their backgroundswere
in public health and kinesiology) occurred 4 months before the
study. Mock sessionswere conducted on weekly meetingswhere
lifestyle counselors developed PowerPoint slides, delivered
mock intervention ons, and reviewed the checklist for each
on.

Missed Sessions

Individual or group make-up sessions were scheduled for those
who had to miss any group or individual sessions.
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M easures

Feasibility: Retention, Group Session Attendance, and
Adherence

Study feasibility was evaluated using retention rates at 3 and 6
months, group session attendance rates, and adherence to
self-monitoring for both intervention groups. Participants in
both intervention groups were asked to assess the acceptability
of the 6-month behavioral intervention. Focus groups were
conducted at the end of the intervention to learn about
participants’ experiences and satisfaction with the intervention.

Preliminary Efficacy

All of the outcome measures were administered at baseline, 3
months, and 6 months. The study was completed in 2015.
Physical measurements and a blood samples were obtained at
the study sites.

Primary Outcome Measure-Glycemic Control

Glycemic control was determined by glycated hemoglobin
(HbA ) levels. Patients were asked to fast for at least 8 hours
before the scheduled data collection visits for venipuncture. A
healthy breakfast including fresh fruits and breakfast bars was
offered after blood draws. Blood samples were then transferred
to abiological laboratory for analysis.

Secondary Outcome Measure-Weight

We used a Tanita scale and body fat analyzer (Tanita
Corporation of Americalnc, lllinois, United States) to measure
weight and body composition while subjectsworelight clothing
and stood erect with their bare feet on the scal€'s footpads.

Sociodemographic and General Health Information

Participants age, gender, ethnicity, race, marital status,
education level, employment status, weight, and diabetes history
were collected in a sociodemographic questionnaire. Details
about their personal health and medical history (eg, comorbid
conditions) were collected in a general health history form.

Data M anagement

The recruitment, feasibility, and tracking forms were collected
and stored in the PI’s office at the Cizik School of Nursing at
The University of Texas Health Science Center at Houston for
data processing. Oracle (version 9i, Oracle Corporation,
Redwood Shores, California) was used for data management.
Form design, data entry, and data verification were performed
in TeleForm (version 10.0, Verity Inc, Sunnyvale, California)
for automated data entry or verification. All forms were
precoded to minimize coding errors. During data collection,
formswere screened upon receipt for completeness of response.
Once verified, data were exported to the Oracle database for
further data processing before being exported to SAS (SAS
Ingtitute) for data analysis.

Statistical Analysis

Intention-to-treat (ITT) analyseswere performed on the primary
and secondary outcomes. Descriptive statistics (frequency and
percentagefor categorical variablesand mean and SD or median
and interquartile range for continuous variables) were reported
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for retention at 6 month of the intervention, attending group
ons, and adherent to the multiple-behavior self-monitoring.
For continuous variableswith skewed distribution (eg, retention
rates and group session attendance rates), nonparametric
Mann-Whitney U testswere conducted for comparison between
the maobile and paper groups. For the primary outcome, the
percentages of weight change over time were compared by
Kruskal-Wallistest, and the percentages of HbA ;. change over
timewere compared by analysisof variance. Sensitivity analyses
were conducted using |last observation carried forward (LOCF)
method to impute the missing datafor participants who withdrew
or were lost to follow-up.

Results

Sociodemogr aphic Characteristics

Demographic characteristics of the sample by randomization
group are presented in Table 2. The average age of the
participants was 56.4 years, and the average years of education
were 12.15 years (SD 1.22). A total of 62% (16/26) of the
samplewerefemale, and 69% (18/26) were African Americans.
The BMI ranged from 27.4 to 51.1, with average of 38.1 at
baseline. The majority of the sample had no health insurance
or received only Medicare or county-assisted insurancein Harris
County, Texas. All of the study participants were uninsured or
underinsured. The household income for all study participants
was below US $30,000, and 92% (24/26) had a household
income lower than US $20,000. Age (P=.04) and gender (P=.07)
differed significantly among the three randomization groups,
but no statistically significant differences were found among
other demographic variables.

Feasibility
Retention and Group Session Attendance

One person dropped out of the study before the intervention
started because of a schedule conflict for group sessions. The
retention rate at 3 months was 96% (25/26) and 92% (24/26) at
6 months. Retention rateswere not significantly differentinthe
three randomization groups (P>.05). The CONSORT diagram
depicting patient retention isin Figure 2.

The median rate of session attendance at the 11 group sessions
was 100% (range from 54.5%-100%) for the mobile group and
81.8% (range from 27.3%-100%) for the paper group. The
nonparametric Mann-Whitney U test showed a statistically
significant difference in group session attendance between the
mobile and paper groups (P=.01).

Patient Engagement and Adherenceto Self-Monitoring

In the mobile group, the median percentage of dayswith at least
one self-monitoring entry for diet, PA, weight, and glucose was
96.6%, 37.3%, 49.7%, and 72.7%, respectively, whereas the
corresponding median adherence rates for the paper group were
8.1%, 1.2%, 2.5%, and 2.5%. Nonparametric Mann-Whitney
U tests showed that there were significant differences between
the mobileand paper groupinall four self-monitoring variables
(P <.001 for diet and PA, P=.007 for weight, and P=.003 for
glucose).
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Table 2. Demographic characteristics by three groups.
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Variables Mobile group (N=11) Paper group (N=9) Control group (N=6)
Age (years), mean (SD) 58.8 (5.9) 56.1 (5.4) 49.2 (10.2)
Female, n (%) 9(82) 5 (56) 1(20)
Body mass index, mean (SD) 38.9(9) 40.1 (7.0) 33.7(2.7)
Ethnicity, n (%)

Not Hispanic 9(73) 7 (67) 4 (67)

Hispanic 2(18) 2(22) 2(33)
Race, n (%)

White 3(27) 2(22.2) 2(3)

Black 7 (64) 6 (67) 4(80)

American Indian 0(0) 1(11) 0(0)

Asian 1(11 0(0) 0(0)
Employment status, n (%)

Full time 2(18) 1(11) 0(0)

Part time 0(0) 2(22) 2(33)

Laid off 2(18) 0(0) 0(0)

Retired 3(27) 1(11) 1(17)

Disabled or unable to work 2(18) 5 (56) 1(17)

Full time homemaker 2(18) 0(0) 1(17)

Student 0(0) 0(0) 1(17)
I nsurance cover age, yes, n (%) 7 (64) 4 (44) 1(17)
Insurancetype, n (%)

Medicare 5(71) 3(60) 0(0)

Gold Card, Harris County 2(29) 2 (40) 2 (100)
Income (USD), n (%)

Under $10,000 1(10) 3(33) 2(33)

$10,000-$13,000 5 (50) 0(0) 1(17)

$13,000-$20,000 3(30) 6 (67) 2(33)

$20,00-$30000 1(10) 0(0) 1(17)
Years of education, mean (SD) 12.3(1.0) 11.8 (1.5) 125(1.2)

Figure 3 depicts the frequency of days on which each of the
four self-monitoring variables was reported for each of the 10
study participants in the mobile group and for each of the 6
study participants in the paper diary group.

Evaluation of I ntervention on Outcomes (Preliminary
Efficacy)

Descriptive findings on HbA,. and weight outcomes at each
study data collection time point (baseline, 3 months, and 6
months) are summarized in Table 3. At baseline, there were no
statistical significant differences on HbA,. among the three

randomization groups; at 6 months, a statistical significant
difference on HbA ;. was found among the three groups, with

mobile group having an average HbA ;. level <7%, whereasthe
paper group and control group had an average HbA,. level
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around 9%. Results from the ITT analysis on the primary
outcome of HbA,. showed that there were no statistical
significant group differences on HbA,. level change over 6
months (P=.44); however, amedium effect size of Cohen d=0.28
was detected for HbA ;; changes. At 6 months, participants in
the mobile group had an average weight loss of 1.8%, whereas
the paper group had an average of 4% weight gain, and the
control group had an average of 1.6% weight gain. There were
no statistical significant differences among the three groups on
weight changes over time (P=.20). A medium effect size of
Cohen d=0.40 wasfound for changes on weight outcomes over
time. Sensitivity analysis using LOCF for imputations did not
show any statistically significant differences on the HbA . and
weight outcomes.
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Figure 2. Consolidated Standards of Reporting Trials (CONSORT) diagram. HbA 1.: glycated hemoglobin.
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Table 3. Descriptive values for weight and glycated hemoglobin (HbA 1) levels at each visit by group. Q1: 25th percentile; Q3: 750 percentile.

Variables Mobile group (N=11) Paper group (N=9) Control group (N=6) P value
HbA 1., mean (SD)

Baseline 8.4(2.3) 10.4 (2.4) 8.9 (2.4) 20

3 months 7.3(1.1) 8.5(1.4) 85(L7) 13

6 months 6.9 (1.0) 9.1(18) 8.9(1.6) 01
Weight, median (Q1, Q3)

Basdline 233.6 (179.8, 295.4) 243.6(222.2,321.8) 2012 (195.8, 213.8) 482
Percentage weight change at 3 months, median (Q1, Q3) 0.5(-2.9, 2.2) -1.0(-1.6,-0.1) 21(0.1,4.2) 162
Percentage weight change at 6 months, median (Q1, Q3) -1.8(-4.2, -0.3) 0.4(-2.3,1.5) 16(-4.1, 3.8 162

3Denotes P values obtained from Kruskal-Wallis test; other P values were obtained from anal ysis of variance.

Discussion

Principal Findings

To our knowledge, this pilot study is the first to report the
feasibility and acceptability of using mobile and connected tools
to enhance an evidence-based behavioral lifestyle intervention
for the underserved community. We compared the efficacy of
standard diabetes care and education with behavioral lifestyle
interventions enhanced with either using smartphone apps and
a Bluetooth-connected glucometer for self-monitoring of
multiple behaviors or paper diaries on improving glycemic
outcomes among overweight or obese adultswith T2DM living
in underserved communities. The feasibility and acceptability
of the study were demonstrated by the high retention rates at 3
and 6 months and high rates of patient engagement in using the
mobile apps. In fact, our retention rates of 96% at 3 monthsand
92% at 6 months were higher than those reported in most of the
previous behavioral lifestyle interventions mediated by
technology in obesity and T2DM [26,27], including those in
medically underserved communities [28].

The comparative findings reveal ed the mobile group participants
had higher group session attendance and higher patient
engagement and adherence to self-monitoring of multiple
behaviors than the paper group, which was consistent with
previous studies reporting higher adherence to self-monitoring
rates using el ectronic diaries compared with paper diariesamong
overweight or obese populations[29,30]. As compared with the
diabetes population, a study planning to use a mobile app to
support patient self-management did not recruit enough patients
[31]. We recruited our 27 patients in less than 1 month, and
those who participated in the mobile group had high adherence
ratesto all components of the intervention over 6 months. This
may suggest that a mobile app alone does not interest patients
as much as a hybrid of face-to-face sessions using mobile apps
to support self-monitoring.

Although the previous literature comparing electronic diaries
and paper diaries for self-monitoring of diet and PA did not
reveal significant differencesin weight loss outcomes [21,32],
our study not only showed significantly better adherence to
self-monitoring in the mobile group but also atrend for greater
weight loss and glycemic control with medium effect sizesin

http://mhealth.jmir.org/2018/4/e92/

the mobile group. Furthermore, the mobile group had
significantly lower HbA . levels at 6 months than the paper
group. A meta-analysis of lifestyle weight lossinterventionsin
overweight and obese adults with T2DM revealed that the
majority of the trials did find <5% weight loss; however, they
did not reveal significant beneficial effectson glycemic control
[33]. The self-monitoring intervention in these lifestyle weight
loss interventions focused on self-monitoring of diet and PA
only, with a few of them adding self-monitoring of weight,
whereas our study used a holistic approach to introduce SMBG
and weight, along with self-monitoring of diet and PA behaviors
to help patients understand the relationship between their
behaviors and outcomes.

To our knowledge, our study is the first to combine
self-monitoring of diet, PA, and weight using amobile app that
are used in behavioral weight loss interventions along with a
connected glucometer to help patients learn their behavioral
patterns in association with their weight and blood glucose
outcomes. Previous studies had used either connected
glucometers along with access to a live certified diabetes
educator coach [34] or personalized feedback messages based
on connected glucometer results[35] for genera T2DM patients,
not specifically targeting overweight or obese T2DM patients
from underserved communities.

Several limitationsto this study should be acknowledged. First,
the study sample wasrecruited from an underserved community
in an urban setting, so the study findings may not be
generalizableto underserved communitiesin rural areas. Second,
the focus of this study was feasibility and acceptability; thus,
the study did not have sufficient power to detect group
differences. Third, we provided smartphones and
Bluetooth-enabled glucometersto the parti cipants because none
of the study participants reported owning a smartphone; the
adherence to self-monitoring may be different for those who
previously owned a smartphone. Fourth, our measure on
adherence to self-monitoring of PA depended on patient
adherence to the recommended PA behaviors. Although this
approach has been used in several other studies[29,36], it may
underestimate the actual adherence to self-monitoring of PA.
For example, our adherenceto self-monitoring of PA waslower
than adherence dietary self-monitoring, which could suggest
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that participants did not exercise at al on that particular day, Conclusions
they did not bother to enter O for exercise minutes, and instead,
they left it blank. Future research should examine the difference
between adherence to self-monitoring and adherence to the
actual behavior separately. Fifth, our study only looked at the
short term outcomes; maintaining long-term effect may be a
different challenge that future studies should consider
examining.

Delivering a behavioral lifestyle intervention enhanced with
multiple-behavior self-monitoring using smartphone apps and
aconnected Bluetooth glucometer in an underserved community
is feasible and acceptable, and using mobile tools including
smartphone apps and connected glucometers has the potential
to increase patient adherence to self-monitoring of multiple
behaviors and improve glycemic control among underserved
populations. A full-scale randomized controlled trial is needed
to confirm the findings of this feasibility trial.
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