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Abstract

Background: Recent advances in mobile technologies have created new opportunities to reach broadly into populations that
are vulnerable to health disparities. However, mobile health (mHealth) strategies could paradoxically increase health disparities,
if low socioeconomic status individuals lack the technical or literacy skills needed to navigate mHealth programs.

Objective: The aim of this study was to determine whether patients from vulnerable populations could successfully navigate
and complete an mHealth patient decision aid.

Methods: We analyzed usability data from a randomized controlled trial of an iPad program designed to promote colorectal
cancer (CRC) screening. The trial was conducted in six primary care practices and enrolled 450 patients, aged 50-74 years, who
were due for CRC screening. The iPad program included a self-survey and randomly displayed either a screening decision aid
or avideo about diet and exercise. We measured participant ability to complete the program without assi stance and partici pant-rated
program usability.

Results. Two-thirds of the participants (305/450) were members of a vulnerable population (limited health literacy, annual
income < US $20,000, or black race). Over 92% (417/450) of the participants rated the program highly on al three usability items
(90.8% for vulnerable participants vs 96.6% for nonvulnerable participants, P=.006). Only 6.9% (31/450) of the participants
needed some assi stance to compl ete the program. In multivariable logistic regression, being amember of avulnerable population
was not associated with needing assistance. Only older age, less use of text messaging (short message service, SMS), and lack
of Internet use predicted needing assistance.

Conclusions: Individualswho are vulnerable to health disparities can successfully use well-designed mHealth programs. Future
research should investigate whether mHealth interventions can reduce health disparities.

(JMIR Mhealth Uhealth 2017;5(4):e43) doi:10.2196/mhealth.7268
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Introduction

Income, education, and race are powerful socia determinants
of health. Low socioeconomic status (SES) individuals and
underrepresented minorities are at heightened risk for avariety
of poor health outcomes, including shorter life expectancy and
increased incidence of cancer and chronic diseases [1-4]. One
pathway by which limited income and education, in particular,
affect health negatively is by hampering theindividuals' ability
to access, acquire, and understand health information needed
to engagein preventive and self-care practices[5]. Some of this
effect is mediated by lower levels of health literacy [5,6].

Recent advances in mobile technologies have created new
opportunities to reach broadly into vulnerable populations,
potentially decreasing informational barriers. Over the last 10
years, the growing ownership of cell phones, smartphones, and
tablet devices has shrunk the digital divide. Over 90% of
Americans own a cell phone with no significant differences
seen by income, education, or race[7]. Additionally, two-thirds
of Americans own a smartphone, including over half of adults
with household incomes less than US $30,000 or only a high
school education [7].

Many health care professionals are now using tablets or other
mobile devices to assist patient care delivery [8,9], and there
are a growing number of cell phone- and smartphone-based
interventions published in the literature [10,11]. While the use
of mobile health (or mHealth) strategies could decrease health
disparities by better educating and empowering low SES
individuals, they could also paradoxically increase health
disparitiesif low SESindividualslack accessto or thetechnical
and literacy skills needed to use mHealth programs[12].

Colorectal cancer (CRC) is a source of health disparities.
Individuals who are less educated, poorer, and members of
minority populationsarelesslikely to be screened for CRC and
consequently, more likely to develop and die from CRC
[4,13-15]. Therefore, we designed an mHealth patient decision
aid about CRC screening specifically for use by individuals
with limited resources and limited literacy skills.

If members of vulnerable populations experience greater
difficulty using our mHealth program, our intervention could
increase, rather than decrease, CRC-related health disparities.
Indeed, prior studies found that members of vulnerable
populations frequently encounter difficulties using Web-based
or mHealth apps [16,17]. However, many of these previously
studied apps assumed users have basic computer skills.
Therefore, we sought to determine whether patients from
populations vulnerable to health disparities could successfully
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navigate our program, which was designed under the assumption
that users would have no prior experience with computers and
would have difficulty reading. We analyzed baseline data from
an ongoing randomized controlled tria (Trial ID NCT02088333)
that is testing the effect of the intervention on completion of
CRC screening. We compared usability metrics between patients
vulnerable to health disparities (low income, limited health
literacy, or black race) and other patients in the primary care
setting.

Methods

Program Design

We designed a user-friendly mHealth iPad program for use by
older individuals, many of whom we assumed would havelittle
prior technology experience. Because over one-third of
Americans have limited literacy skills, we also assumed many
users would have reading difficulties [18]. We chose a touch
screen interface, given its advantages over a mouse and
keyboard. Touch-screen input mimics a user’s natural way of
interacting with the world and requires less cognitive burden
than manipulating external input devices[19]. Usahility studies
have demonstrated that ol der adults compl ete tasks more quickly
and with less errors on touch-screen devices in comparison to
using a computer mouse [20,21]. Moreover, novice and expert
ol der users of touch-screen devices compl ete taskswith similar
low error rates [22]. Some older adults also view touch-screen
devices as less intimidating than computers [23].

Our program, called mPATH (mobile Patient Technology for
Health), begins with a self-administered survey to collect basic
health information. Each screen displays asingle question with
large intuitive response buttons, as recommended by others
(Figure 1) [19,24]. A narrator reads each question aswell asthe
answer the user selects, both reducing literacy barriers and
providing feedback that enhances usability [25]. The narrator
also gives users basic instructions for navigating the program,
such as instructing them how the “Back” and “Next” arrows
function. Following the self-survey, the mPATH program
displays a video about either CRC screening or hedthy
lifestyles, and then the program concludes with ashort follow-up
survey. All materia in the program was written at the sixth
grade level or below, which is a general recommendation for
the development of patient education materials [26].

A team of experts in mobile app development, health literacy,
and CRC screening devel oped the prototype, which was then
refined based on pilot testing with a convenience sample of 40
primary care patients.
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Figure 1. Sample screenshots from mobile Patient Technology for Health (mPATH) iPad program.

Have you EVER discussed the following topics with your primary
care doctor:

Getting tested for colon cancer?

Study Setting and Participant Recruitment

We enrolled English-speaking patients scheduled for aroutine
medical visit at one of six community-based primary care
practices affiliated with a large academic medical center in
North Carolina. All six practices shared a common electronic
health record. We queried the electronic health record weekly
to identify patients who were between the ages of 50 and 74
years and had no evidence of current CRC screening
(colonoscopy within the last 10 years, flexible sigmoidoscopy
within the last 5 years, or fecal testing for blood within the last
12 months).

We excluded patients who were already scheduled for a
colonoscopy, were flagged as needing an interpreter, had a
personal history of CRC, or had a potentialy short life
expectancy (receiving chemotherapy or radiation therapy for
cancer within the last year, having advanced stage cancer,
receiving hemodialysis, or being prescribed a medication for
dementia). A research assistant called potentially eligible
patientsto inform them of the study and confirm their eligibility
using a brief telephone survey. Additional study exclusion
criteria assessed in the telephone digibility survey included
having a prior history of colon polyps, having afamily history
of CRC, and presence of rectal bleeding in the last month.

Eligible patientswere asked to arrive at the clinic 45-60 minutes
before their scheduled medical visit to enroll in the study and
complete the mPATH iPad program. All participants provided
awritten informed consent, and the study was approved by the
Wake Forest Health Sciences Institutional Review Board (IRB#
00023575).

http://mhealth.jmir.org/2017/4/e43/
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Colonoscopy

Study Procedures

The participants completed the mPATH program in a private
location in the clinicimmediately before their scheduled medical
visit. They were given minimal instructions about how to use
the program. The research assistant simply handed the
participants the iPad, told them to touch the “start” button on
the screen when they were ready to begin, and stated the narrator
would walk them through the program. The research assistant
then waited outside the room while the participants completed
the program and instructed them to come to the door when they
needed help using the program.

As described previously, the mPATH program begins with a
29-item self-administered survey. Then it randomly displays
either aprevioudly validated 8.7-minute CRC screening decision
aid [27] or a4.3-minute video about diet and exercise produced
by the Center for Disease Control [28]. After the video, the
program closes with another 35-item self-administered survey
that includes 4 validated usability items [29]. The participants
who viewed the CRC screening decision aid were shown an
additional 1-4 items that allowed them to request a CRC
screening test and sign up for follow-up text messages (short
message service, SMS) or emails to support them through the
Screening process.

Study Measures

The participants self-reported their race or ethnicity, cell phone
ownership, use of the Internet, and use of SM S text messaging.
We assessed health literacy using the validated item, “How
confident are you filling out medical forms by yourself?” with
responses varying on a 5-point Likert scale from “Extremely”
to“Not at all” [30]. Consistent with published recommendations,
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individuals answering “ Somewhat” (the midpoint) or lesswere
defined as having limited health literacy [30]. We classified
participants as members of a vulnerable population if they
reported limited health literacy, annual household income< US
$20,000, or black race. Races other than white or black
comprised less than 4% of our study sample. Income was
missing for 13 participants, and we classified those cases based
only on race and health literacy.

Our primary outcome of interest was program usability,
measured objectively and subjectively. Objectively, theresearch
assistant counted the number of times a participant cameto the
door to ask for assistance to complete the program. Theresearch
assistant also recorded if a caregiver was present and helped
the participant use the program. We measured the participants
subjective rating of the program using three items from the
System Usahility Scale (ease of use, ease of learning to use the
program, confidence using the program; scored on a 5-point
Likert scale from strongly agree to strongly disagree) and an
additional adjective rating of the overall user-friendliness
(excellent, good, ok, poor, or awful) [29].

Statistical Analysis

This study was designed to assess the impact of mPATH on
6-month CRC screening rates. The participants were randomly
assigned with equal probability to receive within the mPATH
program either the CRC screening decision aid or the diet and
exercise video. A total sample size of 450 participants was
required to detect a 12% absol ute difference in screening rates
between the two groups, with 80% power at the 5% two-sided
level of significance assuming a 20% screening rate in the
control group. The participants are still being followed for the
primary objective; in this paper we review the baseline data
associated with the usability of the mPATH program.

http://mhealth.jmir.org/2017/4/e43/
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The participants were classified as being a member of a
vulnerable population if they met the criteria described above.
Time spent completing the mPATH program was calculated in
minutes based on timestamps recorded by the iPad when the
program began and when it ended. Chi-square tests (or Fisher
exact tests) were used to assess the differences in
user-friendliness and the usability scale items between those
participants who were and were not classified as vulnerable.
Needing assi stance was dichotomized as none versus some, and
chi-square tests were used to assess the association of this
measure with demographic variables, health literacy, and
technology use.

Logistic regression was used to determine whether being a
member of avulnerable population was associated with needing
assistance after adjusting for other factors. Covariatesincluded
age, gender, owning a cell phone, Internet use, and frequency
of texting. Separate logistic models included the components
used to define vulnerability. To create more parsimonious
models, we used a backward stepping algorithm removing any
covariate that was not significant at alevel <.20. All analyses
weredoneusing SAS, version 9.3 (SASIngtitute, Inc); P values
< .05 were considered significant.

Results

Participant Demographic Characteristics

Between June 2014 and May 2016, we enrolled 450 partici pants,
al of whom completed the mPATH iPad program. Participant
demographics are displayed in Table 1. Over two-thirds of the
participants (305/450) were members of avulnerable population;
36.9% had limited health literacy, 52.9% had annual incomes
< US $20,000, and 37.6% were black. Many participants had
not used the Internet in the last 30 days (36.0%), but 88.6%
owned a cell phone.
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Table 1. Sociodemographic and technology use characteristics of the participants enrolling in a colorectal cancer screening trial (N=450).

Characteristics n (%)
Female 242 (53.8)
Agein years, median (range) 57 (50-74)
Member of vulnerable population? 305 (67.8)
Limited health literacy 166 (36.9)
Annual household income < US $20,000 (n=437) 231 (52.9)
Black race 169 (37.6)
Own acell phone (n=449) 398 (88.6)
Frequency of textingID
Daily or amost daily 219 (48.8)
3-5 days per week 33(7.3)
1-2 days per week 41 (9.1)
1-2 times per month 23(5.1)
Less than once per month 14 (3.1)
Never 120 (26.7)
Used the Internet in the last 30 days (n=445) 285 (64.0)

3/ulnerable population=limited health literacy, annual income < US $20,000, or black race.

PHow often a participant sends or receives a text message.

Subjective Usability

The participants rated the overall user-friendliness of mPATH
highly. Over 97% of both vulnerable and nonvulnerable
participantsrated the user-friendliness as “ excellent” or “good”
(Table 2). Similarly, over 90% of the participantsin both groups
moderately or strongly agreed with all threeitems of the System

http://mhealth.jmir.org/2017/4/e43/
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Usability Scale, although the percentage of participants who
strongly agreed to each question was significantly lower in the
vulnerable group (Table 2). Almost all participants from
vulnerable and nonvulnerable groups stated they preferred the
program over reading a brochure (97.7% and 95.2%,
respectively, P=.15).
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Table 2. Participant-rated usability of the mPATH mHealth program.
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Usability rating Vulnerable? participants, Nonvulnerable participants, P value
n (%) n (%)
Number of participants 305 (100) 145 (100)
Overall rating of user-friendliness .08
Excellent 241 (79.0) 128 (88.3)
Good 56 (18.4) 16 (11.0)
OK 7(23) 1(0.7)
Poor 0(0) 0(0)
Awful 1(0.3) 0(0)
System Usability Scaleitems?
The program was easy to use .001
Strongly agree 153 (50.2) 99 (68.3)
Agree 139 (45.6) 44.(30.3)
Neutral or less 13 (4.3) 2(0.7)
Most people would learn to use the program very quickly .008
Strongly agree 137 (44.9) 82 (56.6)
Agree 152 (49.8) 62 (42.8)
Neutral or less 16 (5.2) 1(0.7)
| felt very confident using the program .009
Strongly agree 148 (48.5) 92 (63.4)
Agree 146 (47.9) 51(35.2)
Neutral or less 11 (3.6) 219
Strongly agree to al three questions 118 (38.7) 76 (52.4) .006
Agreeto strongly agree to al three questions 277 (90.8) 140 (96.6) .03
Prefer program over abrochure 298 (97.7) 138 (95.2) A5

&/ulnerable population = limited health literacy, annual income < US $20,000, or black race.
BEach itemisrated on a 5-point Likert-type scale ranging from strongly agree to strongly disagree.

Objective Usability

The mean (standard deviation) time to complete the mPATH
program was 22.8 (5.2) minutes for the CRC screening version
(which included afew more survey items and alonger video),
and 17.6 (4.6) minutesfor the control version. Overall, adjusting
for arm, the vulnerable group averaged 3.9 (0.46) minutes |onger
in completing the mPATH program (P<.001).

Only 6.9% (31/450) of the participants needed some assistance
to complete the program (3.3% required only one episode of
assistance, 2.0% required two or more episodes of assistance,
and 1.6% had acaregiver help them use the program). Themain
reason that participants needed assistance was forgetting to

http://mhealth.jmir.org/2017/4/e43/

touch the “Next” button to advance the program. A few
participants became confused when they kept their finger too
long on a phrase, which triggered the iPad to highlight the text.
We prevented future occurrences of this user error by disabling
the “copy and paste” native functionality of the iPad.

In unadjusted analyses, 9.5% (29/305) of vulnerable participants
needed some assistance compared with 1.4% (2/145) of
nonvulnerable participants (P<.01). Factors associated with
needing assistanceto complete the program in bivariate analyses
included limited health literacy, low household income, older
age, and lesstechnology use (Table 3). Race was not associated
with the need for assistance.
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Table 3. Proportion of participants completing the mPATH mHealth program without any assistance.

Characteristics n values (N=450) n (%) P value

Health literacy level .004
Limited 166 147 (88.6)
Normal 284 272 (95.8)

Annual household income .02
<US $20,000 231 209 (90.5)
= US $20,000 206 198 (96.1)

Race .20
Black 169 154 (91.1)
Nonblack 281 265 (94.3)

Vulnerable population? 002
Yes 305 276 (90.5)
No 145 143 (98.6)

Gender .90
Male 208 194 (93.3)
Female 242 225 (93.0)

Agein years <.001
<57 235 229 (97.4)
>57 215 190 (88.4)

Cell phone owner ship .006
Yes 398 376 (94.5)
No 51 43 (84.3)

Text messaging frequency <.001
>3 days per week 252 248 (98.4)
<3 days per week 198 171 (86.4)

Internet usein past 30 days <.001
Yes 285 279 (97.9)
No 160 136 (85.0)

3/ulnerable population = limited health literacy, annual income < US $20,00

In a multivariable logistic regression model, being a member
of a vulnerable population was no longer associated with
needing assistance (P=.11). As vulnerable population was not
significant, we looked at models that included the individual
components that defined it (race, health literacy, and income).

http://mhealth.jmir.org/2017/4/e43/
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0, or black race.

None of these components were statistically significant; only
older age, less use of SMS text messaging, and lack of Internet
use remained associated with needing assistance in both thefull
and reduced models (Table 4).
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Table 4. Odds of needing assistance to complete the mPATH mHealth program by sociodemographic factors.

Factors Full model P value Reduced model P value
OR®(95% CI) OR (95% Cl)

Texting <3 days per week 3.74 (1.12-12.5) .033 4.05 (1.26-13.0) .02
No Internet use in the past 30 days 3.63(1.19-11.1) 024 4.09 (1.50-11.1) .006
Age >57 years 3.69 (1.39-9.80) .009 3.63 (1.42-9.31) .007
No cell phone ownership 1.08 (0.41-2.87) 877 b
Limited health literacy 1.33(0.57-3.10) 515 -
Black race 1.19 (0.50-2.87) 693 -
Annual income < US $20,000 1.01(0.37-2.77) 991 -
Male gender 0.93 (0.41-2.14) .868 -

30R: Odds ratio.

BFactor was removed from the reduced model by the backward stepping agorithm.

Discussion

Principal Findings

In this multisite study in which two-thirds of the participants
were members of a low SES group or an underrepresented
minority, over 90% of individuals were able to complete the
mMPATH iPad program without any assistance. Similarly, the
participants rated ease-of-use very highly. In contrast, others
have found that members of vulnerable populations frequently
encounter difficulties in using Web-based or mHealth apps
[16,17,31,32]. In contrast to our mPATH program, many of
these apps require users to have advanced literacy, numeracy,
and computer skills[17,33-36].

Our program’s ease-of-use is likely dueto it being specifically
designed for those with low health literacy and low computer
literacy. We purposefully created a simple interface that
displayed only one question per screen and used large response
buttons, similar to what would be found at an automated teller
machine or self-checkout kiosk. Likewise, we used simple
language and included audio narration to assist those with
literacy barriers. Other health apps with more complex
navigational designs, denser text, and sophisti cated terminology
may explain the differences in usability observed.

Although low-income and low-literacy individuals were more
likely to need help using the mPATH program in unadjusted
analyses, this additional need for help disappeared after
controlling for age, Internet use, and frequency of sending or
receiving text messages. Thisindicates that older age and prior
experiences with technology are drivers of usability, which is
consistent with studies reporting that low-literacy and
low-incomeindividualsarelesslikely to usethe Internet or own
smartphones[7,37-39]. Relatedly, other studies have found that
prior computer or Internet experienceis associated with greater
ease of use of health apps[33].

How age affects ease of use after accounting for differencesin
prior experiences with technology is less clear. We did not
assess for the presence of health conditions that could affect
usability, such asvisua impairment, mild cognitive impairment,
or conditions affecting dexterity. We also did not assess

http://mhealth.jmir.org/2017/4/e43/

participants’ attitudes about technology, which could affect
their confidence in using the program. In particular, computer
anxiety may be a barrier for older adults [36,40,41].
Consequently, differencesin these health conditions or attitudes
may be responsible for the age-related differences in usability
observed.

Although the participants with less technol ogy experience were
more likely to need help using the mPATH app, approximately
six out of seven of these individual s were able to complete the
program with no help at al. When the participants did require
help, the most common reason for needing assistance was
forgetting to press the “Next” button to advance the program.
Simple changes to the design, such as highlighting the “Next”
button to draw attention to it, could provide additional cuesand
increase usability further.

Although our results indicate that carefully designed mHealth
programs can be used by vulnerable populations, care should
be taken to ensure mHealth interventions do not increase health
disparities[42-45]. The participants used our program on devices
in the clinic setting. Cell phone ownership is consistent across
socioeconomic strata, but an income- and education-related
digital divide persists for smartphones and home broadband
Internet access[7,46]. If the program wasinstead administered
as a home app or on the Internet, low-income and low-literacy
individuals would have less access. Similarly, the small
differencesin usability seen among older adults and those with
less prior technology experience highlight the importance of
ensuring apps are specificaly designed for those who are
computer naive. Asking patients about use of the Internet or
text messaging could be valuable screening questions for
predicting who may have difficulty navigating mHealth
programs.

Limitations

Our study has limitations. Whereas we tested our program in
several different clinic sites, we only included English-speaking
patients. We also did not assess patients for specific health
conditions that could impact usability (eg, vision impairment,
hearing loss, paresis); usability in specific subpopulations could
differ from what we observed. Finaly, to decrease participant
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response burden, we included only a subset of items from the Conclusions

System Usability Scale. In summary, we found that members of vulnerable populations
Future Work could successfully use an mHeath program designed for
individuals with limited literacy and technology skills. After
controlling for other factors, literacy level and income did not
predict usability. Race did not predict usability even in
unadjusted analyses. These results indicate that properly
designed mHealth interventions can reach broadly across
populations.

Future studies should investigate which program features are
most important for usability, and whether mHealth interventions
can reduce health disparities. Resultsfrom our study examining
the impact of mPATH on receipt of CRC screening will be
forthcoming.
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Abstract

Background: Mobile health (mHealth) apps have shown to improve health indicators, but concerns remain about the inclusion
of populations from low- and medium-income countries (LMIC) in these new technologies. Atrial fibrillation (AF) is achronic
condition with a challenging management. Previous studies have shown socioeconomic differences in the prescription of
anticoagulant treatment and shared decision strategies are encouraged to achieve better outcomes. mHealth can aid both doctors
and patients in this matter.

Objective: We describe the devel opment of an mHealth app (aFib) idealized to aid shared decision between doctor and patient
about anticoagulation prophylaxisin AF in alow-income and low-literacy population in Brazil. On the basis of our research, we
suggest the processes to be followed when devel oping mHealth appsin this context.

Methods: A multidisciplinary team collected information about the target population and its needs and detected the best
opportunity to insert the app in their current health care. Literature about the subject was reviewed and important data were
selected to be delivered through good navigability, easy terminology, and friendly design. The app was eval uated in amultimethod
setting.

Results: The steps suggested to devel op an mHealth app target to LMIC are: (1) characterize the problem and the target user,
(2) review the literature, (3) trandlate information to knowledge, (4) protect information, and (5) evaluate usability and efficacy.

Conclusions: We expect that these recommendations can guide the development of new mHealth appsin LMIC, on ascientific
basis.

(JMIR Mhealth Uhealth 2017;5(4):e41) doi:10.2196/mhealth.6510

KEYWORDS
mHealth; atrial fibrillation; low-income population

about a health condition [1], often using software programs, or
“apps’ of mobile health (mHealth) [2]. In 2016, there were
Mobile device usage has increased dramatically over the years around 3.2 hillion of downloadg of mHealth apps around the
and recent data has shown that 64% of adults in the United 9/0Pe [3]. Apps have shown to improve treatment adherence

States own amobile phone. About 62% of mobile phoneowners  [4] and risk factors control [2,5] for chronic diseases. However,
have used their phonesin the past year to look up information there are concerns about the proper inclusion of populations
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from low- and medium-income countries (LMIC) in this new
health care resource [2,6]. In Brazil, for instance, the current
number of mobile devicesin useis around 168 million [7], but
most of these are basic phones with poor or no Internet access,
which let their usersrel egated to the sidelines of thistechnol ogy.

One of the diseases that can have its management improved
with the help of mHealth is atrial fibrillation (AF), a common
arrhythmia largely associated with stroke risk [8].
Anticoagulation therapy reduces this risk [9], but it can be
challenging due to associated comorbidities and bleeding risk
[10]. Hence, it is paramount that decisions about AF treatment
be shared between health care providers and patients [11]. It is
recognized that there are socioeconomic differences in AF
treatment. Among different socioeconomic strata, those with
lower income were less frequently prescribed anticoagulants
[12].

mHealth apps targeted to low-resource settings must be
evidence-based, efficient, safe, and tailored to the users and
their needs. To achieve these goals and maintain usability,
special focus should be given to four specific themes: interface
design, feedback, navigation, and terminology [13]. However,
most of these recommendations are not followed and
systematically evaluated in a real-world setting before the
go-live phase[2,13].

In this paper, we describe the devel opment of an mHealth app
idealized to aid shared decision about anticoagulation in AF in
a low-income and low-educational level population in Brazil.
On the basis of our research and results, we suggest processes
and recommendationsto be followed when devel oping mHealth
apps adapted to usein LMIC.

Methods

aFib Study Overview

We devel oped an mHealth prototype, named aFib, targeted for
patients with AF and their doctors. The main purpose was to
facilitate shared decision on anticoagulation therapy during
clinical appointment.

Our study population comprised patients with AF followed at
the outpatient anticoagulation clinic of our institution. I nstituto
de Cardiologia do Rio Grande do Sul is a hospital specialized
in treating heart diseases, supported by the Brazilian public
health system. Every month, around 700 patients with AF are
followed by the anticoagulation clinic and the majority of them
have low-income and low-educationa level. Previous studies
showed that only half of these patients are adherent to therapy
or within the therapeutic range of international normalized ratio
(INR) [14,15], showing that existing strategies are not effective.

App Development Process

The aFib team comprised a cardiac electrophysiologist with
expertise in AF, a clinical cardiologist, a software developer,
and a designer. After a comprehensive literature review to
support al information provided by the app, we used the
behavioral intervention technology (BITs) model to ensure that
the development process was systematic and replicable [16].
Our process comprised the following steps:
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- Establishing the clinical aims (WHY): (a) increase
knowledge about AF, stroke risk, bleeding risk, and
anticoagulants [17,18] and (b) promote a shared decision
about the therapy [19].

« Selecting behavioral strategies to increase knowledge in
low-income populations and aid shared decision (HOW):
(8) education, (b) dialog with their doctors, and (c)
motivation enhancement.

- Designing app elements to deliver selected behavioral
strategies (WHAT): (a) a 1.5-min long educational video
about how AF can cause stroke; (b) a one-screen-only
calculator for the two most recommended risk scores for
stroke and bleeding [11]; (c) a screen with pictograms for
a better understanding of the scores by poor literacy
patients; and (d) an short message service (SMS) system
to continue delivering information to users about their
disease and treatment.

- Defining when and under what conditions the app will be
used (WHEN): asmany of our patients have basic handsets
that can accommodate only voice and SM Stext messaging,
our option was to provide this first mHealth interaction
during clinical consultation, using the physician’s maobile
device.

All information collected could be saved and reviewed later.
This was motivated by 3 reasons: (1) risk factors often change
over time, which means that risk stratification must be updated
and recalculated; (2) to allow a staff nurse to collect primary
datathat could be expanded and modified during the physician’s
appointment, providing greater ease of adoption of the app in
the primary care setting; and (3) to enable data transfer to other
devices, since we expect that our target population will likely
migrate to mobile phones in the following years.

aFib app prototype was delivered in Portuguese. Terminology
was adapted to both patients and health professional s according
to whom the information was directed to. Language in the
educational video, in the pictograms, and in the summarized
information about medications was directed to low-literacy
patients, whereas language of the risk scores and leaflets was
directed to their caregivers. Graphic design was developed to
be clear and intuitive, with few but meaningful graphics and a
color code to highlight risks and benefits of the treatment. The
first version was designed to Android tablets with 10.1-inch
screen to improve reading since the majority of patients with
AF are elderly and may have vision impairment. Security and
privacy were assured through unique 1D authentication, and
data transfer to central database was done using a Transport
Layer Security (TLS) with 128-bit encryption method. A privacy
policy was presented at the beginning of data collection with
appropriate information, purpose, and user rights. See
Multimedia Appendix 1 for main screens of aFib.

Three clinical cardiologists, 2 cardiac electrophysiologists, 1
medicine student, and 20 patients evaluated aFib in the pilot
phase and gave feedback about perceived ease of use, perceived
usefulness (two statements with a 5-point Likert scale),
relevancy of content, navigation, terminology, interactivity,
attractiveness, learnability (through a pre- and posttest
guestionnaire about the disease and treatment), and conflict
about decision process (measured by adecisiona conflict scale)
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[20]. Written informed consent was obtained from all
participants, and the Ingtitutional Ethics Committee approved
the study.

After adjustments that were made based on these feedbacks,
aFib is being currently evaluated in arandomized clinical trial
with the target popul ation described, with short- and long-term
outcomes previously established (improve knowledge, treatment
adherence, and maintenance of adequate levels of
anticoagul ation and cost-effectiveness of this strategy).

The main challenges in the development process were (1) in
the app contents, to summarizeinformation in away that would
maximize knowledge acquisition and maintain patient's
attention; (2) in the design, to minimize screensand to translate

http://mhealth.jmir.org/2017/4/e41/

Stephan et al

the percentages of risk in graphic information understandable
by low-literacy users; (3) in the technical area, to level the
knowledge of the development team in order to permit
brainstorming, that is, to provide the devel oper and the designer
with the medical information needed to understand the app
context and, at the same time, to provide physicians with the
technical information essential for structuring the app.

Results

Key Recommendations

On the basis of this experience, we created a short guide to the
development of mHealth apps (Figure 1), suitable for use in
other oncoming mHealth apps for usein LMIC.
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Figure 1. Processes and recommendations for creating mHealth apps for low-income populations, based on the aFib experience.

Processes and recommendations for creating
mHealth apps for low-income populations

1 ,g? CHARACTERIZE
(@Y The problem and the target user
What disease or condition will be addressed?
Who is your target user?
In which situations or devices will the app be used?

What benefit of the app will help solve their problem?
What goals do you want to achieve with the app?

2 REVIEW
The literature

Search for the best evidence: guidelines, meta-analysis, systematic reviews,
and randomized clinical trials, with preference to local studies. Identify scores,
outcomes and main information to be delivered. Provide references.

E} TRANSLATE

Information to knowledge

Build easy navigation

Stick to the main points and provide optional access to additional data
Invest in interface design and visual information

Adapt the terminology

PROTECT

Information

Review the laws from the country for which the app is being developed

Give user full access to their personal health information (PHI)

Authentication must be done with an unique ID

Use advanced cryptograph methods to secure PHI and data transfer

Present a privacy policy and a medical-legal disclaimer with all apropriate information

EVALUATE
Usability and efficacy

Use and describe standardized methods

Make a pilot

Test for short- and long-term outcomes

Provide feedback options The aFib team

@

is too broad, try to approach a key problematic aspect, like

Characterize the Problem and the Target User knowledge gaps, difficult choices, or complex treatments.

A solid project starts with understanding who the users are and

what problem do the app want to solve. If the subject in question AN MHealth app may be directed to patients or their relatives,

health care professionals, or even to healthy people looking for
disease prevention. It is important to understand not only the
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socioeconomic background and educational level of the target
population, but also their desires and doubts. What istheir most
pressing issue? Where do they get their information? What
benefit of the app will help solve their problem? All these
guestions must be answered in order to devel op a user-centered
mHealth app. It is important to think also about the Internet
connectivity and multimedia capability of the device in which
the app will be accessed. In the United States, low-income
groups are now using mobile phones as their primary method
for Internet access[21]. In other countries, it might be desirable
that the content can be downloaded to be accessed offline.
Usahility has to be planned foreseeing the worst scenario.

Review the Literature

Citizensfrom LMIC can haveinconsistent accessto their health
systems, and an mHealth app can be agreat opportunity to reach
these populations. Thus, it should provide the best available
evidence about the problem: guidelines, meta-analysis,
systematic reviews, and randomized clinical trials will be the
most helpful, with preference to local guidelines. Identify risk
scores, outcomes, and the coreinformation to be delivered. The
references should be provided in order to aid usersto make their
own judgment on its reliability.

Ascertain the prevalence, incidence, and other important
measures of impact, effect, and association of the problem in
thetarget population. Thiswould help to justify the app contents
and/or interventions and establish outcomes.

If the subject had been addressed before by other apps, then
identify which knowledge gaps are till blank and how to fill
local population needs.

Translate I nformation to Knowledge

Once the problem has been defined globally and the content is
evidence-based, the main challenge is to transform a huge
amount of datain best quality and well-presented information,
tailored to the user. Low literacy can beabarrier to the adoption
of usual solutions. The 4 topics that should be kept in mind to
better achieve the goal of transmitting knowledge are discussed
below.

Build Easy Navigation

This refers to the way a user navigates throughout the app to
complete tasks. If it is expected that the app will be used in a
context of frequent interruptions, multitasking, and increased
cognitive load, bad navigation may result in errors of attention
and attribution [22]. Icons, tab views, and buttons should be
easily recognizable[13]. It is possible to reduce cognitive load
by creating steps, unifying scores, and gathering information
to optimize time and minimize the number of screen switching.
Screen size must also be taken into account since the smaller
screen of a mobile phone will need more screen switches
compared with the larger screen of atablet.

Stick to the Main Points

There are several ways to reduce the amount of information,
but any such reduction is also limited by the potential 10ss of
critical information [22]. Main information must be highlighted,
but the app should provide ways to access more complete
references (eg, through hyperlinks or information buttons).
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Although an app is a pull technology, additional reinforcement
can be achieved by employing push technology like SMS. Push
and pull technology is widely used in LMIC; some examples
are the improvement of early infant diagnosis of human
immunodeficiency virus (HIV) in Zambia [23] and health
education through messages in Benin, Maawi, and Uganda
[24]. Personalized messages are seen as the most easily
implemented and most effective strategy in changing patient
behavior [3].

Invest in Interface Design

This theme refers to the design and layout, including
consistency, location of icons, functions on each screen, font,
color, density, placement, and images [13]. People learn better
fromvisua information [25]. In alow-literacy scenario, cartoons
can be used to simplify the message. The right images can
improve comprehension, trigger emotions, and stick inlong-term
memory, but theincorrect use can deter instructiveness. mHealth
users’ main complaints about app design arerelated to visibility
(aswell as small screen space), hard to read fonts, lack of color
coding, and poor graphic displays [26]. An effective visual
communication include (1) appropriate and legible typography,
(2) use of no more than five colors in the layout, (3) ssimple,
easy to understand, and universal iconography, (4) spare use of
calouts to highlight only key information, (5) significant
negative space between messages, (6) use of illustration only
if it enhances the content, and (7) maintain alogical hierarchy
of the contents[27].

Adapt the Terminology

Terminology reflects the user’s ability to identify with and
understand the language used within the app [13]. Linguistic
and cultural customization of health-related contents improve
the involvement of low-income populations and the first step
of this process is related to the first recommendation of this
tutorial, that is, to characterize the target user [28]. Appsamed
at poor literacy populations must adopt health vocabulary that
they use routinely. It can aso be useful if the correct
terminology is mentioned, between parentheses, for example,
for learning purposes. Consultantsthat represent thetarget user’s
population should revise all contents in the pilot evaluation.
Important questionsthat can be asked are (1) What wasthe main
idea? (2) Was it easy to read or understand? (3) Would you
change any term to improve understanding?

Protect | nformation

Security and privacy in mHealth appsisavast subject, and laws
regul ating these aspects vary widely between countries. A recent
review addressed this issue and suggested minimum
requirements for developers[29], summarized here:

«  The user should be able to control access to their personal
health information (PHI) at any moment.

«  Authentication must be done with aunique ID.

«  Use advanced encryption standard (AES) to encrypt PHI,
with a cryptographic key of at least 128 bits.

« Before PHI is collected, present a privacy policy with all
appropriate information, including data retention, purpose,
and user rights.
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- Data transfer should be done with TLS with 128-bit
encryption methods or virtual private networks (VPNS).

«  Cryptographic methods must be used in securing the body
sensor networks for authentication and key distribution.

« In case of a PHI breach, the competent authority and the
affected user must be notified as soon as possible (1-3 days)
and possible consequences must be relieved.

We strongly recommend a comprehensive review of the laws
from the country for which the app is being developed since
these minimum regquirements can be insufficient in some cases.

A built-in medical-legal disclaimer with the terms of use
agreement is of special interest if the app is widely available
for download by doctors and patients, to help clarify the
publisher’s responsibilities and thereby reduce the legal risks
associated with the use.

Evaluate Usability and Efficacy

Recent studies about mHealth usability suggest the use of a
multimethod approach and standardized methods and tools in
mHealth eval uations, which can result in amore comprehensive
identification of usability issues, more specific redesign
recommendations, and better reproducibility of results across
studies. For users, improved mHealth design and usability could
result in improved interactions, greater use of mHealth apps,
and perhaps even increased adherence to suggested interventions
and therapeutic [30].

To date, there is a paucity of published studies on the efficacy
of mobile phone apps for health promotion in low-income
populations. More research and evaluation is necessary about
both internal and external vaidity and sustained health outcomes
[31].

Internal validity of mHealth apps for low-income populations
can be threatened by selection bias (eg, participants with
sociocultural characteristics that do not represent the target
population), instrument changes (eg, version updates of the
app), regression toward the mean (eg, in knowledge evaluation
of low-literacy participants), between other factors. Toimprove
and standardize evaluation reports of mHealth interventions, a
validated framework like CONSORT-EHEALTH [32] or
RE-AIM [33] isrecommended. Thefollowing are the stepsthat
can be followed to validate an app.

Make a Pilot

For formative usability tests, 5-8 users are able to detect 80-85%
of usability problems[34]. A pilot study of the app isimperative
to adjust design and navigability based on user-centered data.

Test for Short-Term Outcomes

First rea-world trial of the app should analyze short-term
outcomes, such as knowledge increase, user satisfaction,
behavioral changes, and improvementsin validated tests, scores,
or modifiable risk factors.

Test for Long-Term Outcomes

If the proposed new health caretool can act positively on factors
mentioned above, it could possibly improve long-term outcomes
as well. The ideal scenario is to test the mHealth app in a
randomized trial with preestablished clinical outcomes, and to
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evaluate cost-effectiveness when compared with existing
strategies. Burke et a [2], on its recent review about current
science on mHealth, have proposed some interesting questions
that future mHealth apps will have to answer: Does the product
work best when used in certain settings or among specific patient
groups? Does the app potentiate impact when it is combined
with other traditiona interventions? In what cases can the
findings be generalized among similar technologiesin the class?
Are the effects seen durable? Are there any unintended
consequences associated with the device and program in which
it isused? [2] We need to embrace the challenge of producing
this needed evidence.

Provide Feedback Options

After go-live phase, it is important that users can continue
evaluating al of the aforementioned aspects. All app stores have
this option, but users can be stimulated to give their opinions
and a customer service should be organized to answer main
doubts.

Discussion

Principal Findings

Achieving successin health prevention and treatment in LMIC
is challenging and require approaches and tools that (1) have
proven clinical benefit, (2) can be scaled to reach a global
population and (3) are affordable. Mobile technologies provide
apotential platform to facilitate these needs [35].

mHealth is empowering individuals to assume a more active
role in monitoring and managing their chronic conditions and
therapeutic regimens, as well as their health and wellness [2].
But, this new health tool needsto be adapted to local language
and reality [6].

This tutorial was based on the experience acquired while
developing the app “aFib,” and describes processes and
recommendations to aid developers who are interested in
creating or adapting mHealth apps to low-income popul ations.
A problem-targeted and user-centered strategy appearsto be a
logical trend to the devel opment of these apps. A comprehensive
review of literature must be the base of the project. The best
efforts should be made to transate information to knowledge
and it should be kept in mind that good navigability,
terminology, and interface design can help on this task.
Protection of user information is essential, and local laws on
the matter should be studied beforehand. Usability and efficacy
must always be evaluated in a variety of scenarios.

This tutorial has several limitations. First, the literature about
mHealth isincreasing quickly and new models are being tested
every day to improve the development process, which can soon
overwhelm the models we used here. Second, it islikely that a
single experience cannot provide insight about every step of
this process. Third, other diseases or conditions can present
with different challenges related to low-income populations.
Finally, the characteristics of low-income populations vary
widely between countries, with cultural and social differences
that may need distinct adaptations.
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Degspite these limitations, we believe that it can encouragethe  Conclusions
devel opment and eval uation of mHealth appsin LMIC. mHealth
is a low-cost strategy and appear to be an appreciated,
easy-to-use, and promising aid to improve knowledge and
engage individuals from LMIC in the management of their
illness, supporting healthy behavior change and potentially
improving population health.

As mobile technologies become increasingly ubiquitous, apps
adapted to local usein low-income populations are needed. This
tutorial expects to stimulate the development of mHealth apps
for low-income populations, on a scientific base. Future work
should address other possible ways to reach this special group
and the extent to which this new health resource will affect their
health care.
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Abstract

Background: Mood disorders are dynamic disorders characterized by multimodal symptoms. Clinical assessment of symptoms
iscurrently limited to relatively sparse, routine clinic visits, requiring retrospective recollection of symptoms present in the weeks
preceding thevisit. Novel advancesin mobiletools now support ecological momentary assessment of mood, conducted frequently
using mobile devices, outside the clinical setting. Such mood assessment may help circumvent problems associated with infrequent
reporting and better characterize the dynamic presentation of mood symptoms, informing the delivery of novel treatment options.

Objectives. The aim of our study was to validate the Immediate Mood Scaler (IMS), a newly developed, iPad-deliverable
22-item self-report tool designed to capture current mood states.

Methods: A total of 110 individuals completed standardized questionnaires (Patient Health Questionnaire, 9-item [PHQ-9];
generalized anxiety disorder, 7-Item [GAD-7]; and rumination scale) and IMS at baseline. Of thetotal, 56 completed at |east one
additional session of IMS, and 17 completed one additional administration of PHQ-9 and GAD-7. We conducted exploratory
Principal Axis Factor Analysisto assess dimensionality of IMS, and computed zero-order correlationsto investigate associations
between IMS and standardized scales. Linear Mixed Model (LMM) was used to assess IMS stability across time and to test
predictability of PHQ-9 and GAD-7 score by IMS.

Results:  Strong correlations were found between standard mood scales and the IMS at baseline (r=.57-.59, P<.001). A factor
analysisrevedled a 12-item IMS (“IMS-12") with two factors: a“depression” factor and an “anxiety” factor. IMS-12 depression
subscale was more strongly correlated with PHQ-9 than with GAD-7 (z=1.88, P=.03), but the reverse pattern was not found for
IMS-12 anxiety subscale. IMS-12 showed less stability over time compared with PHQ-9 and GAD-7 (.65 vs .91), potentialy
reflecting more sensitivity to mood dynamics. In addition, IMS-12 ratings indicated that individuals with mild to moderate
depression had greater mood fluctuations compared with individual s with severe depression (.42 vs.79; P=.04). Finally, IMS-12
significantly contributed to the prediction of subsequent PHQ-9 (beta=1.03, P=.02) and GAD-7 scores (beta =.93, P=.01).

Conclusions: Collectively, these datasuggest that the 12-item IMS (IMS-12) isavalid tool to assess momentary mood symptoms
related to anxiety and depression. Although IMS-12 shows good correlation with standardized scales, it further captures mood
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fluctuations better and significantly addsto the prediction of the scales. Results are discussed in the context of providing continuous
symptom quantification that may inform novel treatment options and support personalized treatment plans.

(JMIR Mhealth Uhealth 2017;5(4):e44) doi:10.2196/mheslth.6544

KEYWORDS

mood disorders; mobile; ecological momentary assessment; depression; anxiety

Introduction

Mood disorders such as anxiety and depression &fflict a
significant portion of the population and pose a huge burdenin
total disability-adjusted years among midlife adults[1-5]. Mood
disorders are often dynamic disorders, with symptoms showing
high interpatient variability, aswell as high intrapatient changes
over time. However, our ability to accurately characterize
day-to-day variation in these symptoms is limited by current
standard of care, which is composed primarily of retrospective
self-reports and subjective clinical impression, often during
infrequent clinical visits [6-10]. Thus, despite their clinical
significance, most symptoms are not continuously tracked
outside the clinical setting or between treatment sessions [11].

Monitoring patients more frequently outside of the clinical
setting, in “the real world” may improve clinical care and help
facilitate timely interventions. First, capturing the relationship
between mood dynamics and disease profile may pave the way
for abetter understanding and classification of disease and allow
for improved accuracy of diagnosis and personalization of
treatment [12,13]. Severa recent studies have showntheclinical
significance of temporal fluctuationsin mood symptoms, noting
the dynamic nature of mood characteristics that often go
unreported, and the lost potential to better guide treatment
planning [9,14-17]. Specifically, variations in positive and
negative affect have been linked to the current level of
depression, and increased variability in mood ratings predicted
future depressive episodes[18-22]. However, thereisan ongoing
debate as to how mood fluctuations and variability in mood
symptoms over time are associated with the severity of disease
at onset (see [21] for arecent review), which may be resolved
by data collected through consistent mood tracking that should
provide better disease classification and ultimately improved
personalized diagnosis and treatment.

Second, mobile mood tracking may help eliminate the potential
reporting bias which arises when patients are required to
retrospectively recall and rate symptoms, often of a distressing
nature, that occurred over the past weeks or months [23,24].
Such mood reporting, particularly among those experiencing
mood disruptions, isknown to be associated with alarge number
of recall biases and erroneous judgments [25-29], such as
“reconstruction” of memories [30,31] or excessive reliance on
cognitive heuristics[32,33]. It hasfurther been shown that mood
reporting at the time of recall can also bias memory, making
mood-congruent information more prone to be reported [34].
Finally, individuals suffering from mood disorder have been
shown to have cognitive limitations, such as working memory
deficits, which may obscure the utility of such reporting [35-41].

http://mhealth.jmir.org/2017/4/e44/

Third, identification of environmental factors relevant to mood
symptoms and intervention can lead to personalized and more
effective care. In addition to inaccurately captured mood
fluctuations and potential biases, standard assessment in the
clinic, rather than in the individua’s natural ecologically
relevant settings, is likely to significantly limit the ability to
assess true mood state. Assessing a person’s mood in their
everyday settings, with further understanding of typical
scenarios that influence mood state, may provide better and
more compl ete avenues for treatment, more easily incorporated
into day-to-day activities. The fact that more than 75% of
patients suffer a depressive episode again within 2 years of
treatment [42], which has been partly accounted for by poor
continuity of care, further necessitatesimmediate mood tracking,
performed under more ecologically valid conditions and outside
of standard care.

Recent advances in mobile “smart” technologies may now
facilitate remote tracking and monitoring of patientswith mood
disorders in their natural environment, and may thus help
overcome barriers to treatment success and reporting biases,
and ensure better continuity of care[8-10,14,43-45]. Aspatients
with mood disorders are increasingly using mobile technology
[10], mobile mood apps offer a convenient ecological
momentary assessment mechanism to capture patients status
in real time [8]. Approaches to ecological momentary mood
assessment in psychiatric patients have received some research
support in studies showing feasibility of use in depression
screening using a mobile phone app [7,12,13,17,46], and in
patients capability to fill out questionnaires for quantitative
data entry [6,47,48]. Similar results were reported by Torous
et al [49], who used a mobile phone app to administer a subset
of PHQ-9 questions to capture depressive symptoms in
psychiatric outpatients. Others [16,50,51] have also examined
the feasibility of daily or weekly short message service
(SM S)—-based mood ratings and found these ratingsto beavalid
monitoring strategy for depressed participants. Such studies
provide initial promising evidence for the utility of remote
momentary assessments, and additional evidenceisrequiredin
order to better establish the usability of such tools. Notably,
although data from some of these studies suggest that daily
mood reporting may provide more accurate indicator of
longitudinal symptoms [16,47], further understanding of the
nature of mood fluctuations captured on a mobile device in
ecologically valid setting is necessary and would potentially
provide a powerful tool to inform treatment in patients with
mood disorders.

This study was designed to assess the utility of a novel mobile
mood tracking scale, the Immediate Mood Scaler (IMS), aquick
22-item scale which asks participants to rate mood-related
constructs in the moment. IMS was delivered along with
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standardized mood-related questionnaireswithin asingle mobile
app (the Mobile Mood Tracker), thus alowing us to evaluate
its efficacy for accurately characterizing the current level of
depression or anxiety (ie, mood) outside the clinic. We further
aimed to assess the dynamic range of mood ratings over time,
and test the hypothesis that the variability of mood ratings
provides additional information in predicting levels of
depression and anxiety [52].

Methods

Recruitment and Enrollment

A convenience sample of 110 participants was included in the
study and completed the assessments using iPads (see details
below). Participants were recruited from three sites: 75
participants were patients at the Epilepsy Monitoring Unit
(EMU) of the University of California, San Francisco (UCSF)
Medical Center, 24 participants were recruited through the
University of California, Berkeley (UCB) Department of
Psychology, and 11 participants were recruited through Posit
Science (PSC).

Participants at UCSF EMU were recruited as part of broader
efforts to examine daily mood fluctuations, while participants
were hospitalized for seizure monitoring and probing neural
correlates  with  electroencephalography  (EEG) and
electrocorticography (ECoG) [53]. These participants were
enrolled in the study during their stay at the EMU. UCB
participants were recruited through the Research Participant
Pool and received course credit for completing the study. PSC
participantswere recruited through Web-based ads. UCSF EMU
patients were consented for research studies, including mood
assessment with the app, on a study-provided mini iPad. UCB
and PSC participants gave written informed consent before
using the app. The study was run under the institutional review
board (IRB) approvals from UCSF, UCB, and Western IRB.
Participants were not paid for their participation in the study.

Note that athough we have two separate subgroups in our
sample (considering the PSC and UCB samples to be similar),
and that we estimated that they would be quantitatively
independent groups per intraclass correlations (ICC), random
coefficient models suggested that the cohorts did not observe
different associations between variables. Thus, because the
correlations between variables were similar across groups, we
decided to treat the group as one sample in the analysis.

Study Procedures

Following informed consent, participants were given an iPad
mini (Model # A1454, iPad mini WiFi 16GB; Apple, Inc) and
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were asked to log in to PSC's Mobile Mood Tracker app with
aunigue password-protected login to complete the tasks (Figure
1). UCSF EMU participants completed the procedure during
their hospitalization (in clinic) and UCB or PSC participants
completed it in the lab at UC Berkeley or at the PSC officesin
San Francisco. Datawere saved on apassword-protected Health
Insurance Portability and Accountability Act
(HIPAA)—compliant server, accessible to study investigators
only through a Web browser. Study participants completed at
least one session (with a variable number of assessments
completed, see below). To obtain repeated-use data, 56 of the
participants (all EMU patients) agreed to repeat IMS
administration at least one more time. Of them, 17 participants
also repeated the PHQ-9 and GAD-7 questionnaires a second
time. Below is the list of mobile assessments completed by
study participants:

Immediate Mood Scale (IMS)

A novel 22-item measure developed to assess dynamic
components of mood. Participants were asked to rate their
current mood state on a continuum using 7-point Likert scales
(eg, happy-sad, distracted-focused, sleepy-alert, fearful-fearless.
For each item, an integer score between 1 and 7 was derived.
The total score for this scale is the sum of the scores on all 22
items. To make this scale in-line with the scores derived from
the PHQ-9 measure, we then inverted the total score received,
such that higher scores reflect more negative mood states.
Baseline IMS data were obtained from all 110 participants. A
complete list of the 22 IMS items can be found in Multimedia
Appendix 1 and a video demo of the IMS can be found in
Multimedia Appendix 2.

Patient Health Questionnaire, 9-1tem (PHQ-9)

A standardized, validated 9-item self-report questionnaire used
to assessDSM-V-TR [55] symptoms of depression experienced
inthe 2 weeks preceding administration in adults [54]. We used
this measure to classify participants into the following
categories, per PHQ-9 cut-off scores (total scoresrange from 0
to 27): minima depression (0-4), mild depression (5-9),
moderate depression (10-14), moderately severe depression
(15-19), and severe depression (20 and over). Baseline PHQ-9
data were obtained from al the 110 participants. PHQ-9 isthe
most commonly administered self-report tool for depression,
has good diagnostic and psychometric properties, and has been
shown to be valid across numerous modes of administration
[56].

IMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | e44 | p.25
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Nahum et al

Figure 1. Posit Science’'s mobile mood tracker app. Left: the app’sintro screen on the iPad. The user clicks on any tile to start the assessment. Right:
single example items from PHQ-9, GAD-7, Rumination, and IM S are shown. PHQ-9: patient health questionnaire, 9-item. GAD-7: generalized anxiety

disorder, 7-item. IMS: Immediate Mood Scaler.
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Generalized Anxiety Disorder, 7-Item (GAD-7)

A standardized, validated 7-item self-report questionnaire used
to assess symptoms of anxiety experienced in the 2 weeks
preceding administration [57]. We used thismeasureto classify
participants in the following categories, per GAD-7 cut-off
scores (total scoresrange from 0 to 21): minimal anxiety (0-4),
mild anxiety (5-9), moderate anxiety (10-14), and severe anxiety
(15 and over). Baseline GAD-7 data were obtained from 93 of
the 110 participants (84.5%) since this scale was added at alater
stage. GAD-7 has good reliability and validity metrics.

Ruminative Responses Scale (Rumination)

A standardized, validated 22-item self-report questionnaire used
to assess level of rumination experienced in the 2 weeks
preceding administration [58]. As this scale was added to app
a a later stage of the study, baseline rumination data were
obtained from only 64 of the 110 participants (58.1%).

Data Analysis

All statistical analyses were conducted using Stata (StataCorp
LP). Sample demographics (age and gender) were analyzed
using descriptive dstatistics, and were compared using
independent sample t tests with the Welch-Satterthwaite
correction (age) and with Pearson chi-sguare test (gender).

To examine relationship between IMS and standard scales
(PHQ-9, GAD-7, rumination) at baseline, we computed
zero-order correlations using Pearson r to investigate possible
associations between PHQ-9, GAD-7, rumination, and IMS.
The difference between correlations was examined using the
test for comparing elements of a correlation matrix [59], using
a Web-based tool [60].

To perform dimensionality reduction and factor analysisof IMS,
we conducted an exploratory principal axisfactor analysiswith
Promax rotation on all items comprising the IM S, with the global
item removed. We used parallel analysis [61] with 1000
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simulations of the raw data to identify the number of factorsto
retain, and considered factors present if they exceeded the
simulated eigenvalue. Internal consistency of the solution was
tested using Cronbach’s apha.

Totest stability of thetotal IM S score and subscales acrosstime
(repeated observations), we used alinear mixed model (LMM
[62]) which alows for repeated observations and tolerates
missing data, a common occurrence in repeated-measures
designs. Stability was estimated using |CC.

Finally, to test predictability of PHQ-9 and GAD-7 scores by
IMS, we conducted an exploratory analysis on the subset of
participants that had multiple data points for these scales using
LMMs. Due to the smal sample size, we used restricted
maximum likelihood estimation and applied Satterthwaite
degrees of freedom to provide a more conservative test of
significance. Predictors in these models were standardized
before analysis to facilitate interpretation of the coefficients.

Results

Characterization of Study Sample

Participants’ age range was 18-63 years old (average: 34 years,
SD 11.8). Of the 110 participants, 64 (58.1%) were female, 32
were classified as having minimal or no depression (PHQ-9
scores of 0-4; mean age 31, SD 11.8), 28 with mild depression
(PHQ-9 scores of 5-9; mean age 30, SD 8.3), 27 with moderate
depression (PHQ-9 scores of 10-14; mean age 37.3, SD 13.5),
12 with moderately severe depression (PHQ-9 scores of 15-19;
mean age 36.2, SD 10.6), and 11 with severe depression (PHQ-9
scores of 20-27; mean age 46.8, SD 6.9). The study sampleis
depicted in Multimedia Appendix 3 and in Figure 2.

Comparing the two participant groups in our sample (UCSF,
and UCB or PSC samples) showed that the two groups differed
significantly in age (t54,=4.3, P<.001), but not in PHQ-9 (t5;=1.8,

P=.07) or in gender (x,=.5, P=.76).
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Figure2. (A) PHQ-9 (red bars) and GAD-7 (blue bars) score distribution.

Nahum et al

Since the GAD-7 scale only has 4 categories and PHQ-9 has 5 categories,

we haveincluded PHQ-9 scores of moderately severeto severeinthe“Mod to Severe” category. (B) PHQ-9 individual score correlation with the GAD-7
scale. (C) Correlation between PHQ-9 (red) and GAD-7 (blue) scales and the rumination scale. (D) Correlation between PHQ-9 (red) and GAD-7 (blue)
scoreswith thefull IMS score. PHQ-9: patient health questionnaire, 9-item. GAD-7: generaized anxiety disorder, 7-item. IMS: Immediate Mood Scaler.
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Correlation Between M easures at Baseline

We examined the correlation between PHQ-9, GAD-7, and
rumination scale, aswell asthe correlation between these scales
and IMS. As expected, the standardized depression scale
(PHQ-9) was highly correlated with the standardized anxiety
scale (GAD-7; r=.78, P<.001; Figure 2), pointing to the frequent
comorbidity of depression and anxiety. Furthermore, the PHQ-9
and GAD-7 were both highly correlated with the rumination
scale (r=.69 and .70, P<.001 for PHQ-9 and GAD-7,
respectively; Figure 2). The IMS total score was highly
correlated with PHQ-9 (r=.59, P<.001; n=110) and with GAD-7
(r=.57, P<.001; n=93) scales (Figure 2), as well as with
rumination scale (r=.57, P<.001; n=64; data not shown).

Dimensionality Reduction and Factor Analysisfor the
Immediate Mood Scaler (IMS)

To assess factoria validity and to identify which items needed
to be removed from the IMSto provide briefer assessment, we
conducted an exploratory principal axis factor analysis.
Although our sample size was not ideal for a factor analysis
(N=110), the Kaiser-Meyer-Olkin (KMQO) [63] measure of
sampling adequacy (.91) and Bartlett Test of Sphericity [64]
(x%53,=1560.35, P<.001) indicated that a factor analysis was
appropriate for the data. Wefirst identified the number of factors
to retain through paralel anaysis [61] on the raw data with
1000 simulations. A factor was considered present if it exceeded
the simulated eigenvalue. This procedure resulted in three
underlying factors, which were applied to the data (see
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Multimedia Appendix 4). Dueto the high comorbidity between
anxiety and depression, we used an oblique (Promax) rotation
to alow the factors to correlate. Because our goal was to first
reduce the number of itemsinthe M S, we examined the pattern
matrix and removed items with low loadings (<.40) or items
that loaded on more than one factor. We then subjected the
remaining 16 itemsto the same process as outlined above. This
resulted in the same 3-factor solution with adepression subscale,
an anxiety subscale, and another, weaker 3-item subscale (g5,
g6, and g7) which represented energy level. Because our aim
was to identify a brief but reliable instrument, we removed the
3-item energy subscale. Thisresulted in aclear 2-factor solution
with excellent internal consistency for the total scale
(Cronbach’s alpha=.93) and for the subscales (Cronbach’s
alpha=.90 and .93 for depression and anxiety, respectively).
This brief 12-item measure (IMS-12) has a near-perfect
correlation with the full 22-item IMS scale (r=.97, P<.001),
indicating inconsequential information loss.

The IMS-12 factor analysis results are summarized in Table 1.
Items g3, g8, 9, q10, g11, 12, and q16 load between .64 and
.83 on factor 1, which seems to capture depressive states (eg,
apathetic vs motivated, pessmistic vsoptimistic). Itemsq18-g22
load between .73 and .84 on factor 2, which captures anxiety
(eg, worried vs untroubled, anxious vs peaceful).

Following this exploratory analysis, we derived 3 metrics: (1)
IMS-12 total score (the sum of the 12 IMSitems), (2) IMS-12
depression subscale (a sum of the items loading on factor 1),
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and (3) an IMS-12 anxiety subscale (asum of theitemsloading  on factor 2).

Table 1. Factor analysis pattern matrix for IMS-12 items.
IMSitem Factor 1 Depression Factor 2 Anxiety
a3 Worthless Valuable 642 13
g8 Pessimistic Optimistic .69 -.06
q9 Apathetic Motivated 75 .20
gq10 Guilty Proud .69 24
gll Numb Interested .83 -.01
012 Withdrawn Welcoming 71 .16
q16 Hopeless Hopeful 71 -.15
q18 Tense Relaxed .03 .83
q19 Worried Untroubled .03 .83
q20 Fearful Fearless 17 73
21 Anxious Peaceful .09 .84
q22 Restless Cam .01 .81

8/alues are denoted in italics for the factor they loaded more for.

Figure 3. Correlations between IMS-12 and standardized scales. Correlations between IMS-12 total (left, gray), IMS-12 depression (middle, red), and
IMS-12 anxiety (right, blue) with PHQ-9 (A; top row), GAD-7 (B; middle row), and rumination (C; bottom row) scales. Pearson r values and number
of subjects are shown for each graph. PHQ-9: patient health questionnaire, 9-item. GAD-7: generalized anxiety disorder, 7-item. IMS: Immediate Mood

Scaler.
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Relation Between Baselinel M S-12 and Basdline L evels
of Depression and Anxiety

We next examined whether IM S subscal eswere correlated with
the PHQ-9 and GAD-7 scales. Correlation results are shown in
Figure3and in MultimediaAppendix 5. TheIMS-12, similarly
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to the full 22-item scale, was highly correlated with PHQ-9
(r=.59, n=110, P<.001) and GAD-7 (r=.54, n=93, P<.001) and
rumination (r=.59, n=64, P<.001) scales, proving that the same
correlation is maintained even with a scale featuring a subset
of theitems (left panels of Figure 3). Of note, we found similar
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correlations between IMS-16 (with 3 factors) and PHQ-9 and
GAD-7 (data not shown).

Similarly, strong correlationswerefound for IMS-12 depression
subscale, which was highly correlated with the PHQ-9 (r=.57,
n=110, P<.001), with GAD-7 (r=.46, n=93, P<.001) and with
rumination (r=.53, n=64, P<.001). Similarly, the IMS-12 anxiety
subscale was highly correlated with PHQ-9 (r=.49, n=110,
P<.001), GAD-7 (r=.51, n=93, P<.001) and with rumination
(r=.53, n=64, P<.001). Because we hypothesized that IMS-12
depression would have a stronger correlation with the PHQ-9
than with the GAD-7, wetested for the differencein correlations
using a one-tailed test of significance. Indeed, the correlation
between IMS-12 depression and PHQ-9 was stronger than that
of IMS-12 depression and GAD-7 (z=1.88, P=.03; using Steiger
test). However, the correlation between IMS-12 anxiety and
GAD-7 was as strong as the correlation between IMS-12 and
PHQ-9.

Timeto Administer Scales

Given our goals of producing an efficient measure of mood, we
calculated the average time required to complete each of the
assessments. On average, it took participants 12.65 s (SD 8) to
complete aPHQ-9 item, 8.35 s (SD 4.8) to complete a GAD-7

Nahum et al

item and 6.54 s (SD 3.4) to complete an IMS item. An analysis
of variance (ANOVA) with Greenhouse-Geisser correction
confirmed that the time to complete an IMS item was
significantly shorter than the other scales (n=107; Fy 59 137~77.7,

P<.001).

We further derived the average time it should take to complete
the entire scale: PHQ-9 takes, on average, 113.9s(SD 73.7) to
complete, GAD-7 takes 59.5 s (SD 33.5), and IMS-12 takes,
on average, 78.4 s (SD 63.8) to complete.

Analyses of Repeated Administration of IMS

A total of 56 participants completed two or more sessions during
the course of the study, and had IMS data for al repeated
sessions they completed. Participants had a variable number of
data points, ranging from 2 to 49 (Figure 4), with most
participants having 2 or 3 data points of IMS collected (mean
6.5, SD 7.5; median 4). Most data points were collected on the
same day, but some were collected on different days (see Figure
4). Number of data points collected did not correlate with
severity of symptoms by baseline PHQ-9 (r=.18, P=.19; Figure
4) or GAD-7 scores (r=.01, P=.93). Out of those 56 participants,
17 aso repeated PHQ-9 and GAD-7 a second time.

Figure 4. Repeated IMS data frequency. IMS data was collected within days and across days for 56 participants. (A) A histogram showing the total
number of sessions completed by participants. (B) Number of sessions completed on the same day (multiple sessionsfor participants). (C) A histogram
showing the unique days of IM S assessments completed by participants. (D) Total number of sessions completed as afunction of baseline PHQ-9 score
(r=.18, P=.18). PHQ-9: patient health questionnaire, 9-item. IMS; Immediate Mood Scaler.
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Stability of IMS-12 Scores Across Time and for
Different Levels of Depression

We examined the stability of the IMS-12 and its subscales, as
well as its ability to predict PHQ-9 and GAD-7 scores
administered the second time through the use of LMMs and
ICC, taking the maximal number of repeated measures per
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participant. ICC revealed high test stability for both the PHQ-9
and GAD-7 (ICC=.91 for both) and lower test stability for the
IMS-12 (ICC=.65), with similar stability for the depression
(ICC=.60) and anxiety (ICC=.61) subscales.

To test the hypothesis that participants with mild to moderate
depression levels have greater variability in their mood
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compared with participants with minimal or severe depression
levels, wefurther examined IMS-12 ICC for different depression
levels. Results are summarized in Table 2. Tests for the
differences in ICC revealed that individuals with severe
depression (PHQ-9 scores of moderately severe to severe) had
significantly more consistent mood by the IMS-12 (ie, less

Table2. IMS-12 intraclass correlations.

Nahum et al

fluctuations; |CC=.79) than individuals with mild to moderate
depression (ICC=.42; z=2.03, P=.04). Despite atrend for more
consistent mood in individuals with minimal depression than
those with mild to moderate, there were no other significant
differences between groups, however, this may be due in part
to sample size.

Depression level N ICC?(95% Cl) Group comparisons z P

Minimal 39 .69 (.54 to0 .81) Minimal versus mild or moderate 153 12
Mild to moderate 27 42 (.25t0.61) Minimal versus moderate severe or severe .78 43
Moderately severe to severe 21 .79 (.631t0.89) Mild to moderate vs moderately severe or severe 2.03 .04

4 CC: intraclass correlations.

Predictability of PHQ-9 and GAD-7 by IMS-12

We next asked whether IMS-12 scores predicted PHQ-9 and
GAD-7 scores over multiple observations, to determine whether
current mood influences self-report ratings of “trait” mood over
and above the effects of baseline PHQ-9 and GAD-7.

Asnoted, therewas high test stability in the PHQ-9 and GAD-7,
likely areflection of the instruments' focus on the previous 2
weeks. Although test stability ishigh in both measures over the
course of repeated observations over several days, we
hypothesized that fluctuations in mood may account for some
of the variability in PHQ-9 and GAD-7 scores. Because few
participants completed the PHQ-9 and GAD-7 more than once
(n=17), we conducted an exploratory analysiswith that subgroup
of participants to predict PHQ-9 and GAD-7 scores over
repeated observationsviaLMMs, in which PHQ-9 and GAD-7
were modeled as a function of time. Due to our small sample
size, we used restricted maximum likelihood estimation and
applied Satterthwaite degrees of freedom [65] to provideamore

conservativetest of significance. We examined the incremental
effects of the IMS-12 by testing amodel that included time and
baseline PHQ-9 or GAD-7 as predictors, and included IMS-12
asatime-varying predictor, with subsequent observations (time
two and beyond) of PHQ-9 or GAD-7 serving as the dependent
variables. Predictors were standardized before anaysis to
facilitate interpretation of the coefficients.

The results of the model are summarized in Table 3. As can be
seen in the table, baseline PHQ-9 scores contributed
substantially to the prediction of subsequent PHQ-9 scores, and
the addition of IMS-12 to the model significantly predicted
PHQ-9 scores beyond baseline PHQ-9 status alone (beta=1.03,
P=.02). Thisindicatesthat the IMS-12 accountsfor some of the
variability seen in PHQ-9 scores, even when taking into
consideration “general” mood. Similar results were seen for
GAD-7, with IMS-12 significantly contributing to the prediction
of GAD-7 scores, beyond the prediction provided by baseline
GAD-7 adone (beta=.91, P=.01).

Table 3. Model variables for the prediction of PHQ-9 and GAD-7 from time, baseline measurements, and IMS-12.

PHQ-92 (n=17) GAD-7° (n=17)

Model Beta t Degreesof P Model Beta t Degreesof P
freedom freedom

Time -.13 -0.48 7.79 .65 Time -.00 -0.01 5.23 .99

+PHQ-9 basdline 3.68 8.83 16.9 <.001 +GAD-7 baseline 4.47 10.45 18.61 <.001

HIMS12° 1.03 25 45.47 .02 +IMS-12 91 26 35.98 01

Intercept 11.05 9.33 1121 <.001 Intercept 9.79 10.94 13.9 <.001

3PHQ-9: Patient Health Questionnaire, 9-item.
GAD-7: generalized anxiety disorder, 7-item.
“IMS-12: Immediate Mood Scaler, 12-item.

We examined IMS-12 subscales using the same analytic
approach, and found that the IMS-12 anxiety subscale
significantly predicted PHQ-9 scores (beta=—.97, tgs ,5=—2.44,
P=.02); hhowever, the depression subscale was only
near-significant (beta=—.67, ts, 1=—1.84, P=.07). For GAD-7,
the IMS-12 anxiety subscale significantly predicted GAD-7
scores (beta=-.85, t4, g;=—2.29, P=.03), whereas the IMS-12
depression subscale had a similar, albeit only near-significant,

http://mhealth.jmir.org/2017/4/e44/

effect (beta=—.61, t4; —=—1.98, P=.06). Thissuggeststhat IMS-12
anxiety subscale may be a good predictor for both depression
and anxiety, whereas the IMS-12 depression subscal e does not
predict either depression or anxiety to asignificant extent. The
full model is summarized in Multimedia Appendix 6.
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Discussion

Principal Findings

The findings of the study provide initial support for the
usefulness of the IMS as a tool to remotely and quickly track
mood changes related to depression and anxiety in-the-moment.
Specifically, we found that a condensed version of IMS
comprised of 12 items, IMS-12, is highly correlated with
standard scal es of depression and anxiety (PHQ-9, GAD-7, and
rumination scale). We further found that repeated administration
of the IMS-12 provides significant information regarding the
participant's mood state. Specifically, the IMS-12 captured
greater variability in mood over time compared with the standard
scales of PHQ-9 and GAD-7. Moreover, individuals with
moderately severe to severe depression were less variable in
IMS-12 over time compared with individuals with mild or
moderate depression, indicating greater sensitivity to momentary
mood changes especially in the moderate range. Finally, mood
fluctuations reflected in repeated IMS-12 administrations
significantly accounted for asignificant portion of the variability
in PHQ-9 and GAD-7 scores, with IMS-12 anxiety subscale
better accounting for changesin both PHQ-9 and GAD-7 scores
compared with the depression subscale.

TheUse of IMS-12 asa Mabile Mood Tracking Tool

Themain goal of our study wasto assessthe usability of IMS-12
as a novel scale that can be used to assess ecologicaly valid
symptoms related to mood disorders. Collectively, the results
of our study support the use of an ecologica momentary
assessment as atool to assess fluctuations in symptoms related
to mood disorders remotely. Specifically, we found that (1) a
novel 12-item scale, IMS-12, shows strong correlation with
standard scales of depression and anxiety (PHQ-9, GAD-7, and
rumination scale), (2) IMS-12 is comprised of 2 unique factors
or subscales (“depression” and “anxiety”), with the IMS-12
depression subscale was found to be more correlated with
PHQ-9 scores than the anxiety subscale, and (3) an IMS-12
itemis, on average, faster to administer than standard scales.

Theresults of this study show that IMS-12 can be used asatool
to remotely and quickly track mood and mood state fluctuations
over time, both observationally and in responseto interventions
[66]. Of note, patients aso reported, in informal interviews at
the end of the study, that the fact that IMS had very little text
and only required rating on a continuum made it easier to use
than traditional scales, which often include longer text and
choices between numbered options. These findings are
consistent with several recent reports that have shown good
feasibility of similar ecological momentary assessment
approachesin patientswith mood disorder (eg, major depressive
disorder) [47,49,67,68]. Other recent studies further reported
good correl ation between mobile monitoring tools and standard
clinical measures, such asthe PHQ-9 measure used in our study
[16,50,51]. For example, Aguilera et al [50] found that text
messages of daily mood ratings, and their weekly averages (but
not their variances or 2 week averages), were highly correlated
with paper-and-pencil PHQ-9 scores. They, therefore, suggested
that daily assessments of mobile mood ratings may provide a
more accurate indicator of longitudinal symptoms, given the
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recency-bias in the PHQ-9 data. Similar results were obtained
by Keding and colleagues [51] and Richmond et a [16], who
used a single text message to probe mood and report good
correlation with PHQ-9, with even better predictive power.

We further show that the overall IMS-12 total score provides a
significant addition to the prediction of both depression (as
captured by PHQ-9) and anxiety (as captured via GAD-7).
Interestingly, the IMS-12 anxiety subscale score had better
predictive valuefor both depression and anxiety thanthe IMS-12
depression subscale score. These results are in line with those
found in arecent study by Keding et a [51]. In their study, the
authors found that a single mood item predicted the affective
component of PHQ-9, but not its somatic component. The
comorbidity of anxiety and depression can sometimes make it
challenging to dissociate between the two at the daily reporting
level. Indeed, some researchers believe that generalized anxiety
should not be considered adisorder of itsown, and instead could
be considered a marker for the severity of depression [69-71].
However, our results provide support to the notion that the short
“anxiety subscale” of IMS-12 may have agood predictivevalue
for both anxiety and depression. The results by Kesder et a
[72], providing evidence for the difference in risk factors
between anxiety and depression, further support this notion.
More research is needed to determine whether anxiety-related
symptoms have a better predictive value for mood-related illness
progression.

ThePredictive Value of Fluctuationsin M ood-Related
Symptoms

A secondary aim of the study was to assess the dynamic range
of mood ratings over time, and test the hypothesis that the
variability of mood ratings provides additional information in
predicting levels of depression and anxiety.

Although highly correlated with baseline PHQ-9 and GAD-7
scores, IMS-12 mood ratings were, not surprisingly, less stable
over time. Considering that the PHQ-9 and GAD-7 aredesigned
to measure symptoms spanning the previous 2 weeks, whereas
the IMS-12 is designed to capture in-the-moment mood status,
the lower stability for the IMS-12 and its subscales suggests
that the IMS-12 captures fluctuations in mood as expected.
Indeed, variability of mood ratings captured inthe IMS-12 total
score as a function of PHQ-9 baseline scores revealed
differences in performance characteristic of the severity of
depression. Specifically, individuals with severe depression
showed significantly lessmood fluctuation compared with those
of individuals with mild to moderate depression. This suggests
that variability in mood may be used as an index of the severity
of depression, and as such, in response to intervention,
subsequent greater mood variability in severely depressed
individuals may indicate a positive response to treatment.

Interestingly, although recent research suggests that depressed
individuals differ from nonclinical populationsin the profile of
depressed mood during their daily lives [21], there is till an
ongoing debate regarding the nature of thisdifferencein relation
to fluctuationsin mood and mood-related variables (eg, positive
and negative affect) [22]. Specifically, athough some studies
found that individual swith major depressive disorder also show
more variable mood states across time [20,68,73-75], others
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reported “emotional inertia” or less fluctuations in mood over
time in more dSignificantly depressed individuas
[18,19,52,76-78]. The findings from this study are consistent
with an emotiona inertia account, that is, more depressed
individuals show more preservative pattern of affect [77].
Pemberton and Fuller Tyszkiewicz [21] suggest that the seeming
contradiction between stability and variability in mood ratings
in depressed individuals could be accounted for by the different
time frames used in different studies. Thus, individuals may
exhibit both stability in mood (in the short-term) and variability
in mood when viewed over alonger time frame. It may be that
the mood fluctuations in our study capture the “short-term
stability” of mood in severely depressed individuals, and that
over longer period of time more fluctuations would be evident.
In any event, these fluctuations areinformativein characterizing
level of depression.

The Clinical Significance of In-the-M oment, Remote
Ecological Mood M onitoring Assessment

The results of this study support similar findings in the recent
literature that have shown the significance of remote,
in-the-moment (and real-world) approaches to the evaluation
of mood state[12,13,17,48]. The feasibility of thisapproachis
supported by the growing usage of mobile devices by patients
with mood disorders[9,10,49] and studiesthat have shown good
compliance with mobile monitoring strategies [47,49,79].

Ecological momentary mood assessment has several clear
advantages [15,43]. For example, repeated administration of
assessments may increase reliability of interpretation and also
reduce measurement errors (or misinterpretations). In the case
of our app, the fact that IMS-12 scores are more variable than
standard mood questionnaires demonstrate its potential to more
accurately capture mood fluctuationsto better inform treatment
planning (eg, quickly determine response to current treatment
or potential to benefit from anew treatment, as well as quickly
alarm clinicians in case of significant worsening in a patient’s
state). IMS-12 can be used to supplement PHQ-9, which has
been shown by others to be valid when remotely administered
[56], and can be used to assess dynamic processes and changes
in mood related to treatments. The fact that PHQ-9 has been
shown to reflect arecency effect rather than a 2-week average
as it should [50] further stresses the need for a dynamic scale
that captures mood “in-the-moment.” Mobile mood tracking
tools such as the one used here can therefore help circumvent
the retrospective recall bias which is often associated with
current methods used by clinicians to assess mood [15,80,81].
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The use of a mobile app to report mood has several other
potential benefits. For example, the anonymity of reporting
mood using an app, rather than informing aclinician or caregiver
may provide more accurate mood reporting. Thisnotion received
some support from arecent study [49], showing more accurate
capture of suicidal ideation in patients using an app compared
with in-person reporting. In addition, monitoring data
continuously collected using such tools may help inform
clinicians about the best treatment option based on the subject’s
mood profile, and may further inform the subjects themselves
on mood-related behaviors and tendencies as reflected in their
continuous monitoring data, that are not readily apparent to
them. As more and more data is accumulated that way,
significant advances can be made that inform novel therapeutic
avenues.

With the rapid development of novel technologies (eg, mobile
devices), tracking heath-related measures such as mood
becomes feasible and accessible to a growing portion of the
population. However, in order for it to become standard of care
and facilitate clinical work, rigorous testing and validation
should take place. However, despite the fact that momentary
tracking tools have been around for quite some time, only few
have been experimentally tested and even fewer validated [ 79].
We believe that thisinitial validation of a mobile scale such as
IMS-12 further promotes the likelihood of this approach to aid
in clinical care, and further promotes our understanding into
illness dynamic manifestation in an ecologically valid manner.
Future studies, using mobile phone versions of IMS-12, are
needed in order to establish the utility of amaobile mood-tracking
platform as a tool that promotes our understanding of the
dynamic nature of mood symptomsin everyday lives, and asa
tool to monitor and measure treatment response [15,43,82].

Study Limitations

Our study has several limitations that should be addressed in
future research. First, our study sample was a convenience
sample, which may have limited generalizability. Second, the
sample size with repeated IM S and standardized measures data
was small, allowing us to make only exploratory analyses that
would need to be confirmed by larger-scale studies. Third, as
this study was part of alarger study (with a different research
guestion), wedid not collect additional psychiatric dataon study
participants that may have allowed us to further analyze the
data based on participants’ history or clinical profile. Finally,
data was collected in the lab and clinic, which may limit its
interpretation. Follow-up studies should addressthese limitations
and further establish the value of the IMS-12 as a momentary
assessment tool for symptoms related to mood disorders.
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Abstract

Background: Despite significant advancesin medical interventions and health care delivery, preterm birthsin the United States
are on therise. Existing research has identified important, seemingly simple precautions that could significantly reduce preterm
birth risk. However, it has proven difficult to communicate even these simple recommendations to women in need of them. Our
objective was to draw on methods from behavioral decision research to develop a personalized smartphone app-based medical
communication tool to assess and communicate pregnancy risks related to preterm birth.

Objective: A longitudinal, prospective pilot study was designed to devel op an engaging, usable smartphone app that communicates
personalized pregnancy risk and gathers risk data, with the goal of decreasing preterm birth rates in a typically hard-to-engage
patient population.

Methods: We used semistructured interviews and user testing to develop a smartphone app based on an approach founded in
behavioral decision research. For usability evaluation, 16 participants were recruited from the outpatient clinic at amajor academic
hospital speciaizing in high-risk pregnancies and provided a smartphone with the preloaded app and a digital weight scale.
Through the app, participants were queried daily to assess behavioral risks, mood, and symptomology associated with preterm
birth risk. Participants also completed monthly phone interviews to report technical problems and their views on the app’s
usefulness.

Results:  App use was higher among participants at higher risk, as reflected in reporting poorer daily moods (Odds ratio, OR
1.20, 95% CI 0.99-1.47, P=.08), being morelikely to smoke (OR 4.00, 95% CI 0.93-16.9, P=.06), being earlier in their pregnancy
(OR 1.07, 95% CI 1.02-1.12, P=.005), and having a lower body mass index (OR 1.07, 95% Cl 1.00-1.15, P=.05).
Participant-reported intention to breastfeed increased from baseline to the end of the tria, t15=-2.76, P=.01. Participants
attendance at prenatal appointments was 84% compared with the clinic norm of 50%, indicating a conservatively estimated cost
savings of ~US $450/patient over 3 months.

Conclusions: Our app isan engaging method for assessing and communicating risk during pregnancy in atypically hard-to-reach
population, providing accessible and personalized distant obstetrical care, designed to target preterm birth risk, specifically.

(JMIR Mhealth Uhealth 2017;5(4):e42) doi:10.2196/mhealth.7036
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Introduction

Preterm birth rates in the United States are on the rise, with
approximately 1 of every 10 births occurring prior to 37 weeks
of gestation [1]. These rates are aso disproportionately high
among some sociodemographic groups, reaching 1 in 6 among
African-Americans[2], with greater prevalence among families
living in poverty, regardless of race [3]. These patient groups
are also often the hardest to reach due to limited access to and
attendance at routine prenatal care.

The consequences of preterm birth are severe, and its causes
are complex. Medical interventions for reducing preterm birth
typically address one or afew risk factorsin isolation, such as
antibiotics for asymptomatic bacteriuria [4], 17-alpha
hydroxyprogesterone caproatefor ahistory of previouspreterm
birth, or cerclage for sonographically short cervix [5,6]. These
interventions are al so often predicated on medical testing, such
ascervical measurement, blood-glucosetesting, and serial blood
pressure readings, which require both patient engagement and
follow up. There are other seemingly simple precautions with
potentially significant impact, such as the daily intake of a
multivitamin during early pregnancy. However, it has proven
difficult for health care providers to communicate even these
recommendations effectively enough to secure sustained
behavior change[7]. In this study, we demonstrate a behavioral
intervention that engages pregnant women, providing them with
information about risks related to preterm birth that can be
identified without medical testing, aswell asasuite of protective
actionsthat they can utilize, with support from their health care
providers.

In its Committee Opinion on Effective Patient-Physician
Communication, the American College of Obstetricians and
Gynecologists emphasizes the critical, important nature of
effective and compassionate patient-provider communication,
specifically noting the opportunities to provide such support
with emerging information technologies [8]. Our intervention
follows this strategy, as part of the move to provide patient
services via mobile phone [9,10]. This strategy is possible
because, even in the lowest income bracket, 86% of American
adults own amobile phone and three-fourths of this population
own a smartphone, with similar ownership rates across racial
and ethnic groups [11]. Moreover, as of 2015, almost 20% of
all smartphone users had downloaded at least one pregnancy
app [11]. Thus, in principle, apps offer a unique channel for
communicating with patients, both for gathering information
from them and for addressing their needs—if they can be
engaged with the device and use its contents. Our intervention
designs such an app, MyHealthyPregnancy (MHP) , using
theory, results, and methods from behavioral decision research
to provide personalized risk communication, specifically aimed
at pregnant women at risk of not receiving such information
due to routinely missing prenatal care. It is developed in
collaboration with women from that population and then tested
for feasibility in a 3-month trial. Although the ultimate
implementation goal is to decrease preterm birth rates when
used over the full duration of a pregnancy, here we report on
the development process and the ability of the app to engage a
hard-to-reach patient population. The results reported here
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Krishnamurti et a

address our preliminary research aims of (1) creating an app to
engage an at-risk patient population, (2) increasing their
attendance at prenatal care appointments, (3) identifying and
communicating risk factors associated with preterm birth
outcomes, and (4) encouraging risk-reduction behaviors and
health promoting intentions.

Methods

App Development

To create an app to engage our target population, we followed
the behavioral decision research paradigm [12-14] consisting
of (1) normative research, (2) descriptive research, (3)
prescriptive interventions, and (4) evaluation research. First,
normative research identifies the need to make informed
decisions based on the best available medical knowledge.
Second, descriptive research characterizes women's current
beliefs, values, and constraints; Third, prescriptiveinterventions
provide better information and reduce barriersto desired actions.
Finally, evaluation research assesses the effectiveness of those
interventions and the validity of the research upon which they
rely, in pretestsand afield test. User-centered design, informed
by feedback from members of the target audience, was central
to the process [15,16].

Semistructured I nterviews

Our normative research began by consulting with 4 medical
expert informants in the field of maternal-fetal medicine and
community informants from a diverse set of group (e.g.,
churches, non-profit organizations, women's shelters, doula
groups), before proceeding with our descriptive work.
Descriptive work included in-depth, semistructured interviews
with 5 women recruited through a church and afamily support
center in a neighborhood that met demographic criteria of
high-risk pregnancy populations (ie, lower average household
income, higher proportion of African-American residents, higher
proportion of single marital status mothers).

Experts were questioned about the best ways to assess those
preterm birth risksfalling within their field of specialty (eg, our
intimate partner violence experts were asked about which
measures to use to assess IPV, as well as how frequently to
measure |PV risk in thetarget group). Our pregnant participants
were asked questions related to the causes of preterm birth risk,
structured around the risks identified in the normative phase,
aswell as about barriersto prenatal care access (eg, “What are
some things moms can do to avoid a preterm birth?’ and “Has
there ever been atime when you couldn’t makeit to one of your
appointments?’)

All semistructured interview participants were screened for
eligibility (at least 18 years of age, neighborhood resident,
currently pregnant, or with a child under the age of 1 year).
Participants were interviewed between March and April, 2015.
Although the sample sizewas smaller than typical for descriptive
work using this approach [17,18], the issues faced by these
women were sufficiently similar that few new ones emerged in
succeeding interviews, leading us to move on to secure direct
feedback from potential users of the app prototype [19].
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We interpreted the interviews based on established medical
science and clinical practice (normative analysis), as well as
research into decision-making processes (descriptive research).
Tables 1 and 2 outline critical preterm birth factors that we
identified from the normative and descriptive analyses and the
features we incorporated into the app to address each of them.
These risk factors were pregnancy history (eg, prior preterm
births, neonatal intensive care unit stays for previous births),
weight gain trgjectory (using the 2009 Ingtitute of Medicine
guidelines), smoking, alcohol consumption, illegal drug use,
symptoms of preterm labor (eg, vaginal bleeding and fluid 10ss),

Krishnamurti et a

intimate partner violence (assessed with the HITS Screening
Tool that measures “hurt, insult, threaten, and scream”) [20],
and depression (assessed with the Edinburgh Postnatal
Depression Scale) [21]. Thisfinal app content was reviewed by
the physician experts in our team for accuracy and potential
clinical benefit. Our descriptive interviews revealed that
transportation to appointments was a barrier to prenatal care,
particularly among low-income patients. To lower this barrier,
we incorporated free transportation using Uber into the app’s

functionality.

Table 1. Behavioral risk factorsidentified in normative and descriptive research and addressed in the MyHealthyPregnancy app.

Pregnancy risk factor Common challenge or misperception

Exemplar quote

App-based solution

Nutrition and weight gain ~ Avoidance of weight measurement

Beliefs about nutrition

Symptomatic bleeding or
fluid loss

Confusion between spotting, miscarrying,
and menstruation

Routine prenatal care Barriersto transportation

Violence Fear for personal safety during pregnancy

Smoking Perceived safety of smoking during preg-
nancy

Preterm labor Unfamiliarity with signs of labor

“I"'mredlly into fitness and workout
every day, so it's depressing to me to
see how much weight I’ve gained. So,
| actually only weigh myself when |
come (to the hospital).”

“(The midwives) said | needed to start
eating healthy. | just kept eating beef
jerky, slushies. | didn’t eat bad food. |
just ate what pregnant girlswant to eat.
| said, ‘If I'm getting bigger, that means
my baby is growing. So, it doesn’'t
matter’”

“My pregnant sister iskind of nervous
because she'sactually on her (menstru-
al) period now, and she doesn’t want
to (have a miscarriage) again.”

“There were plenty of times (I missed
appointments). | would normally have
to catch a bus...and then | would have
to walk up that big, long hill and then
make aleft...when (my belly) was get-
ting out to here, | waslike, ‘Ugh, |
can't do it anymore’”

“(He) shot at me...because | used to
date hiscousin. He'stried to come after
me quite afew times, even after | gave
birth.”

“When you're pregnant, it's better not
to stop (smoking) because the baby
knows that you're smoking and the
baby can go through a nicotine with-
drawal.”

“My boyfriend, he had me laughing
hysterically and | thought | was going
into labor. | actually googled ‘laughing

during pregnancy."

Daily weight monitoring and
feedback onideal weight trgjectory

FAQs on appropriate diet

Daily symptom assessment with
feedback on need for immediate
medical care (when appropriate)

Complimentary transportation via
Uber

Diagnostic assessment of intimate
partner violence and provision of
assistance

Routine assessment of smoking
and provision of smoking cessa-
tion resources

Contraction timer and feedback on
preterm labor and delivery readi-
ness

Fetal movement “1 dwaystell myself, ‘If | don’t feel Kick counter
her in the next hour, I’m going to the
hospital’”
Table 2. Pregnancy risk factors noted in literature, but not in these interviews.
Alcohol use Drug use Depression Pregnancy history

Routine assessment of alcohol
consumption and provision of
smoking cessation resources

Routine assessment of drug use and

Mood monitoring with triggered and

provision of smoking cessation resource  routine assessment of depression

Baseline assessment of pregnancy
history
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Risk Assessments and Communication
The MHP app gathered dataregarding theserisksfactorsthrough
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The app (Figure 1) aso provided basic pregnancy education,
reminders (eg, appointments), access to information and

scheduling resources, and fetal health monitoring aids (fetal
movement, “kick,” and contraction counters). To spur action,
as soon as the app detected high-risk events, such as intimate
partner violence, suicidal ideation, or clinical indicators (eg,
preterm contractions), it sent real-time alerts to medical staff
(Figure 2). Women were then contacted directly and linked
quickly to appropriate medical or social services.

voluntary daily assessments. Deterministic algorithms then
delivered patient-specific risk feedback and recommendations
(eg, diet, lifestyle) tailored to individual users. For example, if
the app detected a decrease in self-reported cigarette use, it
provided encouraging messagesin addition to quitting resources.

Figure 1. Sample screenshots taken from MHP, which was evauated in proof-of-concept pilot with 16 women. From left: (1) Home screen, (2)
frequently asked questions, and (3) appointment scheduling tool.

3O ey o220

= FAQ Appointments ®
0-3months 3-6months 6-9months
26 Weeks 1 Day Type of Appointment
My Baby My Progress My Body Anatomy/Ultrasound
Week Should | go to the dentist while 'm pregnant?
Date
26 Is it normal to be so tired?
[Dec 1,2015 ]
What should | wear?
Daily Quiz Appointment Can sex or having an orgasm harm my baby? Time
Questions Today What are some tips for good sleep? [12:00 PM ]
11 0 Can | travel? Where
Personal Hygiene [ul(rasound department ]
To Do
Is it safe to take a bath? Details
Take your daily vitamin O
Can | use tampons for spotting or discharge? bring my scrip
Doctor's Appointment > Can | douche?
Add your next appointment to the calendar
Can my seatbelt hurt my baby? -
Do you have a ride?
—_— Yes
Food and Medications 8
No
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Figure 2. Logic diagram to identify, communicate, and intervene with a specific preterm birth risk (eg, intimate partner violence). From left: (1) user
completes daily questionnaire, (2) user receives feedback on risk factor over time, (3) algorithm determines whether additional diagnostic questions are
necessary, (4) user receives targeted messaging, (5) user completes validated diagnostic tool, and (6) physician receives rea-time adert of intimate

partner violence.

1. Initial risk assessment
3@ ¥4l 22038
Daily Quiz e

1. How would you describe your mood over the last 24 hours?
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0000 B8

6. Institutional alert
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To

2. Temporal risk feedback

3. Secondary risk assessment

3 Q ¥4 22038

4. Targeted messaging

U safety o

You reported feeling unsafe. It's critical that you take
the Pregnancy Safety quiz as soon as you can. You
can link to the quiz on the Home Screen. If anyone is
threatening you right now, call 9-1-1. If someocne in
your life physically hurts you, please call the Women's
Center and Shelter of | N -t

Someone can help you right now.

I
Date: Tue, Sep 8, 2015 at 7:40 AM
Subject: [l Preanancy App Low IPV Score Alert

I

-@—— 5. Diagnostic tool

I P rgrancy App usor I

flagged for a IPV score of [l

Usability Evaluation

Pilot Study

After completing the design and pretesting of the MHP app, we
conducted a 3-month proof-of-concept pilot (N=16) to assess
its usability by women in all stages of pregnancy. As the app
had features targeted to each pregnancy trimester, we aimed to
enroll 5 users per pregnancy trimester. Potential participants
were identified at routine prenatal appointments at the
Magee-Womens Hospital outpatient clinic, which serves patients
qualifying for Medicaid. Participantswererecruited from August
31 to September 3, 2015. All participants remained in the study
for 3 months or until they gave birth.

After providing informed consent and completing a baseline
assessment, participants received a digital weight scale and a
smartphone prel oaded with the MHP app. All participants agreed
to complete monthly phone interviews.

The proof-of-concept study was reviewed and approved by the
Institutional Review Boards of both the University of Pittsburgh
and Carnegie Mellon University. All participants provided
written informed consent before participating. Interviewees
received US $35 for their time. App pilot participants received
US $15 for completing each of 3 telephoneinterviews over the
course of the study and an additional US $25 if they completed
each component (interviews and daily quizzes). In addition,
participants kept the scale and smartphone.

M easures

Participants completed daily quizzes on the app on avoluntary
basis. A baseline quiz assessed baseline preterm birth risk and
subsequent daily quizzes assessed the preterm birth risk factors
identified in the normative and descriptive research (eg, mood,
symptomatic bleeding or fluid loss, weight, and smoking, as

http://mhealth.jmir.org/2017/4/e42/
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detailed in Tables 1 and 2). Patients' responses were used to
provide them with risk feedback (eg, weight trajectory contrasted
with ideal weight trgjectory) and to gather data on factors that
can predict preterm birth. Over time, the app used the
patient-entered quiz data to prompt for additional diagnostic
measures. When algorithms prompted additional diagnostics,
such asanintimate partner viol ence assessment, these were also
administered as part of the daily quiz. Engagement was
measured by frequency of use of the app, including completion
of the daily risk assessment quizzes and additional diagnostic
quizzes.

Participants also completed the following measures at baseline
in person and at 1, 2, and 3 months by mobile phone:

1. The Perceived Stress Scale [22]: a 10-item inventory
measuring how stressful various aspects of their lives are.

2. Behavioral intentions: aninventory with 2 health behaviors
(breastfeeding for 6 months postpartum and daily intake of
prenatal vitamin during the pregnancy).

3. Usability questions: 2 items regarding the helpfulness of
the app and any technical difficulties.

At the final interview, participants who had given birth were
also asked to share any information they desired about their
birth experience and their use of the app.

Statistical Analyses

Our study was designed to evaluate the usability of the app,
under normal conditions of a high-risk pregnancy, with no
incentives for use (just for completing our instruments). As a
result, our analyses focused on usage data, with suggestive
indication of patterns. Given the low statistical power of these
preliminary data, we used an alpha level of .1 for statistical
significance, treating our analyses as exploratory. We used |BM
SPSS Statistics 23.0 and R 3.3.1.

IMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | e42 | p.42
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Results

Users
Table 3 summarizes participants demographics and baseline

Table 3. Proof-of-concept pilot self-reported demographics (N=16).

Krishnamurti et a

data. Of 17 participants consented, 16 subsequently enrolled
and remained in the study. One participant consented but chose
not to enroll due to atime conflict with the enrollment session.
Analyses are conducted for all 16 participants.

Variable

Median (range) or n (%)

Age (years), mean (SD)
Race, n (%)

African-American

Asian Indian
Hispanic/Latino
Caucasian
Mixed race, other
Income (in US $)
0-5k
5-9999 k
15-19,999 k
20-24,999 k
25-29,999 k
30-49,999 k
50-69,999 k
70,000 k or more
Respondent did not know
Education, n (%)
Less than high school
High school/GED
Some college
2-year college degree (associates)
Bachelor’s degree
Master's degree
Doctorate or professional degree
Previous smartphone owner ship, n (%)
Yes
Previously used a pregnancy app, n (%)
Yes
No
Pregnancy planned? n (%)
Yes
No
Gestational weeks at enrollment, mean (SD)
Had a previously very preterm birth? (<32 weeks), n (%)
Yes

No

24 (18-35)

11 (69)
1(6)
1(6)
1(6)
2(12)

6(37)
2(12)
2(12)
2(12)
1(6)
0

0

0
3(19)

2(12)
3(19)
9 (56)
2(12)

16 (100)

13 (81)
3(19)

4(25)
12 (75)
245 (11-30)

3(19)
13 (81)
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Birth outcomes for all 16 participants can be found in Table 4.

Table 4. Birth outcomes for the 16 pilot participants.

Krishnamurti et a

Birth outcomes Frequency
Ongoing Pregnancy 116
Gave birth prior to study completion 0/1
Normal gestation (>37 weeks) 13/16
Gave hirth before study completion 7/13
Late preterm (34-37 weeks) 2/16
Gave hirth before study completion 2/2
Moderate (32-34 weeks) or very preterm (<32 weeks) 0/16
Gave hirth before study completion 0/0

Engagement

On average, participants voluntarily logged into the app every
1.5 days to complete daily risk assessments, with the range of
assessments completed being 16.7% to 100%. Once logged in,
participantsvisited an average of 5 (SD 1.0) screens(eg, logging
an appointment, viewing FAQs). At each monthly follow-up
phone interview, participants were asked how helpful the app
had been on a scale ranging from 1 (not at all helpful) to 10
(extremely helpful). The mean response at 1, 2, and 3 months
was 9.0 (SD 1.15), 9.36 (SD 1.28) and, 9.25 (SD 1.0),
respectively, with no difference in perceived helpfulness over
time, F; 5=1.70, P=.20.

In order to capture usage patterns, we characterized each day
in terms of whether the woman took a daily quiz on that day
(which, as mentioned, occurred on two-thirds of the days). We
predicted this dependent variable from baseline data and

covariates available when the last quiz was taken, using a
generalized mixed logit model with a compound symmetric
variance-covariance structure for the errors (ie, varying
intercepts per woman), allowing women'’s responses to have a
fixed correlation within person over time.

Table 5 reports the results of these separate, generalized mixed
logit models. The strongest relationship was that women used
the app more often at earlier weeks of gestation (Odds ratio,
OR 1.07, 95% CI 1.02- 1.12, P=.005). The app was also used
more by women when their daily mood (measured on a 5-point
scale) was worse (OR 1.20, 95% CI 0.99-1.47, P=.08), when
they were self-reported smokers (OR 4.00, 95% Cl 0.93 -16.9,
P=.06), and when they had alower body massindex (OR 1.07,
95% CI 1.00-1.15, P=.05). App use was unrelated to whether
women felt their baby move, had a greater weight, or were at a
later stage of gestation at intake.

Table 5. Daily and baseline characteristics and their associated odds ratio of missing at least one day of daily quizzes given current levels of these

characteristics using a generalized mixed logit model.

Characteristics Daily/baseline OR (95% ClI) P values Sample size (quizzes)
Trimester at start Baseline 0.60 (0.31-1.16) A3 762
Weeks of pregnancy Daily 1.07 (1.02-1.12) .005 762
Daily mood Daily 1.20 (0.99-1.47) .07 759
Body mass index Daily 1.07 (1.00-1.15) .05 762
Obese (vs normal) Daily 2.42 (0.98-6.03) .06 762
Overweight (vs normal) Daily 1.98 (0.53-7.47) 31 762
Baby moved Daily 0.81 (0.46-1.43) .50 760
Current weight Daily 1.01 (1.00-1.02) 27 732
Smoking Interval determined by baseline response 4.00 (0.93-16.9) .06 762

Appointment Attendance

Participants had an attendance rate of 84% (63/75) at prenatal
appointments, including 3 non-routine appointments for risks
surfacing during the pregnancy, compared with 50% for the
non-participant clinic population. Attendance was even higher
- 89% (31/35 appointments) - among those who scheduled Uber
transportation to their appointments through the app. The total
cost across patients for providing Uber transportation was US

http://mhealth.jmir.org/2017/4/e42/

$537.35. The conservatively estimated direct cost of a missed
routine appointment provided by the Division Director of
Maternal-Fetal Medicine of the hospital systemisUS $300 per
patient. Therefore, the provision of rides suggested an
approximate cost savings of US $7,203 for 16 patients over 3
months (~US $450/patient).
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Communicating and Assessing Preter m-Birth Related
Risk

No participants reported any of the following behavioral risk
factorsat baseline: intimate partner violence, depression, a cohol
use, or illega drug use. Two participants reported being cigarette
smokers. Real-time data collection through the app over the
course of 3 monthsidentified 1 case of intimate partner violence,
2 cases of routine smoking, 6 cases of depression scores greater
than 10 on the Edinburgh Postnatal Depression Scale, with one

Krishnamurti et a

participant reporting suicidal thoughts, and 26 cases (2
participants) of illegal drug (marijuana) use. We pre-specified
risk markers with potential clinical significance, such that the
app electronically notified clinical members of our research
team, thereby triggering appropriate clinical interventions. Table
6 tabul ates the possible symptoms of preterm birth detected by
the app. Algorithms also determined whether participants
reporting certain symptoms were given messagesthat instructed
them to call the clinic, go to the hospital, or engage in watchful
waiting.

Table 6. Taly of preterm birth risk symptoms reported via the MHP app by trimester.

Symptoms reported Trimester 1 (n events) Trimester 2 (n events) Trimester 3 (n events) Percent of total events (N=693), n (%)
None 73 332 205 610 (88.0)

Cramping 0 4 32 36 (5.2)

Feeling contraction 1 2 32 35(5.1)

Abdominal pain 0 2 6 8(1.2

Vaginal bleeding 0 1 1 2(0.3)

Gush or fluid leak 0 0 2 2(0.3)

Total (N events) 74 341 278 693

Risk-Reduction and Health-Promoting Behavioral
Intentions

Breastfeeding

Agreement with the statement “1 will try to breastfeed my baby
for the first 6 months’ increased over the study period. The
mean response on a 5-point Likert Scale of agreement at 1, 2,
and 3 months, respectively, was 3.63 (SD 1.63), 4.00 (SD 1.30),
and 4.06 (SD 1.48). Paired t-tests revealed significantly higher
intentions to breastfeed compared with those at baseline
(mean=3.50, SD 1.41), at both 2 months, t;;=—4.16, P=.001 and

3 months, t;5 =—2.76, P=.01.

Prenatal Vitamins

Agreement with the statement “How often do you think you
will take a prenatal vitamin over the course of this pregnancy”
stayed high over the course of the study among all users. The
mean response, on a 7-point scale ranging from 1 (I definitely
won't take a prenatal) to 7 (I will take a prenatal vitamin every
day without fail), was 6.31 (SD 0.87) at baseline, 5.81 (SD 1.56)
at 2 months, and 5.57 (SD 1.99) at 3 months, respectively. These
values were not statistically significantly different from one
another.

Perceived Stress

Levelsof perceived stressdecreased from baseline and remained
low over the course of the study. The mean response on a
40-point scale, with lower scoresindicating less perceived stress,
was 16.4 (SD 5.99), 13.1 (SD 5.89), and 15.0 (SD 7.71), at 1,
2, and 3 months, respectively, compared with the mean response
of 16.81 (SD 6.06) at baseline.

Qualitative Feedback

Debriefing interview conversations with participants yielded
three key insights. (1) They appreciated the risk feedback. (2)

http://mhealth.jmir.org/2017/4/e42/

Many treated the app as a form of social support, with one
participant stating, “(the app) was the only person in my life
who asked me how | was doing every day.” (3) All reported
wanting asimilar app for the early stages of parenting, with one
stating, “ Please extend the information to after my baby isborn
(how much to eat, how long they should sleep for). Right now,
I’m just asking friends and family...”

Discussion

Principal Findings

A persistent barrier to providing sound care during pregnancy
is maintaining contact with women at highest risk. They often
have difficulty making appointments. Oncethey do, health care
providers may lack the time needed to learn about their
conditions and convey the information most critical to their
unique circumstances, especially when culture or socioeconomic
differences complicate communication. Asaresult, health care
professionals may fail to provide patients with information in
away that allows them to make informed decisions [23].

One solution to such imperfect patient contact may be virtual
care, using mobile phone health apps. Targeting patients through
an app poses unique challenges. The app must be engaging and
both gather and provide accurate, medically relevant risk
information. Although hundreds of pregnancy-related apps,
performing a range of functions (from tracking symptoms to
hospital bag checklists), exist, few have been developed through
a scientific process. To the best of our knowledge, MHP isthe
first pregnancy app grounded in behavioral decision research
that provides and gathers individualized preterm birth-related
risk information.

We applied behavioral decision research theory and methods
to create a smartphone app that could engage participants who
typically face barriers to accessing routine prenatal care. Our
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app sought to take advantage of a delivery mode that
circumvented the barriers faced by women at high risk by
connecting them with the health care system in away that served
their needs for two-way communication. Results from our
proof-of-concept trial show a high level of engagement among
women recruited from a clinic serving Medicare recipients.
Participants were compensated for completing the 4 study
surveys, but had no financia incentive for using the app.
Nonetheless, they logged on every 1.5 days on average over the
course of the pilot study and consulted an average of 5 screens
when they did. Moreover, they expressed uniformly high levels
of satisfaction with the MHP app, with some describing it in
terms such as being a“virtual companion.”

Although special caution is needed in considering individual
differences with such a small, if intensively observed, sample,
the app appeared to be used most consistently (Table 5) by
women who might need it most, such as those early in their
pregnancy, those with declining mood, and self-reported
smokers. The candor and clinical value in their reports can be
seen in cases that might otherwise be detected in aless timely
manner. There were also individual incidents in which the app
provided a vehicle for helping women who reported apparent
cases of depression, intimate partner violence, and drug use. In
these cases, and others, the app revealed risk information that
was not captured at our study baselineor inroutineclinical care.

We believe that our app represents an improvement over other
pregnancy apps on the market asit refl ectstwo features essential
to effective applications. One is a patient-centered design,
grounded in discussion with community leaders, formative
interviews with individuals drawn from the target populations,
and iterative pretesting in its development (in addition to the
feedback from the proof-of-concept trial reported here). That
sensitivity helped participants to share intimate information
about their personal risk. The second feature is being grounded
in behavioral decision research, whose theory and methods
structured the four essential elements of the development
process. normative analysis, with medical experts, providing
authoritative, relevant content; descriptive research, with users,
informed by the research literature; prescriptive interventions,
informed by research on debiasing and risk communication;
and evaluation, reported here. Those bodies of research provide
a foundation for identifying and addressing misconceptions,
such as the mistaken belief that vaginal bleeding is normal
during pregnancy. We believe that these features allow us to
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exploit the technology so that, as our proof-of-concept pilot
suggests, the MHP app can communicate and gather sensitive
personal health risk information, including the detection of risks,
at more frequent intervals than is possible by routine medical
care.

We were also successful in increasing access to routine care.
By providing Uber rides in real time, we could overcome the
barrier posed by lack of transportation for |ow-income pregnant
women who live in inaccessible neighborhoods or have
difficulty planning. In addition, increased appointment
attendance shows the potential of the MHP app for realizing
significant savingsto the health care system.

Our app is also designed to address the difficulty that health
care providers often experience in communicating even ssimple
recommendationsfor behavior change[7], especially to women
at high risk. It uses language derived from conversations with
women drawn from the user population, it acknowledges the
practical barriers that they can face in implementing desired
behaviors, and it repeats relevant information at fregquent
intervals. These features allow the app to provide both education
and natification, two elements of successful behavioral change.
Thus, the app’sdaily reminders about prenatal vitamin use may
have helped to sustain the high level of self-reported intentions
observed throughout the study. Breastfeeding intentions also
increased significantly over the study, acrosswomenin different
stages of pregnancy, suggesting the value of repeating an
audience-friendly message.

We note that our study was a proof-of-concept observational
study, and not a randomized controlled trial (RCT), limiting
our ability to infer causality. Next steps include conducting a
RCT over the entire pregnancy and eval uating the effects of the
MHP app use on behavioral and clinical outcomes, including
adverse birth outcomes, in conjunction with other clinical
measures of preterm birth precursors. We also note that our
volunteer participants were likely drawn from individuas
familiar with smartphone apps and looking for support during
the pregnancy. Given the proliferation of mobile phone-based
health communications, such familiarity should beincreasingly
common, creating greater opportunity to take advantage of their
speed, convenience, low cost, and potential confidentiality. Our
MHP pilot results suggest that smartphone apps are apromising
step for providing personalized care to at-risk patients who are
otherwise hard to reach.
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Abstract

Background: Black young men who have sex with men (BY MSM) experience higher human immunodeficiency virus (HIV)
incidence than their white and Latino counterparts.

Objective: Theaim of our study wasto understand BY MSM'’s preferences for mobile phone-based HIV prevention and treatment
in order to inform culturally tailored interventions to reduce the spread of HIV and improve HIV treatment outcomes in this
population.

Methods: Qualitative focus groups (N=6) with BY MSM aged 18-29 years (N=41; 46%, 19/41 HIV-positive) were conducted
to elucidate their preferences for the design and delivery of mobile phone—based HIV prevention and treatment interventions. A
modified grounded theory approach to data analysis was undertaken using ATLAS i textual analysis software.

Results:  Participants preferred holistic health interventions that did not focus exclusively on HIV prevention and treatment.
Issues of privacy and confidentiality were paramount. Participants preferred functionality that enables discreet connections to
culturally competent health educators and treatment providers who can address the range of health and psychosocial concerns
faced by BYMSM.

Conclusions: Mobile phone-based HIV prevention has the potential to increase engagement with HIV prevention and treatment
resources among BY M SM. For these approaches to be successful, researchers must include BY MSM in the design and creation
of these interventions.

(JMIR Mhealth Uhealth 2017;5(4):e46) doi:10.2196/mheslth.6436
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Introduction

Background and Significance

Although gay, bisexual, and other men who have sex with men
(MSM) comprise approximately 2% of the US population, they
accounted for 67% of al estimaed new human
immunodeficiency virus (HIV) infections in 2014 [1]. Black
MSM aredisproportionately infected with HIV comprising 38%
of al HIV diagnoses among gay and bisexual men in 2014, and
78% of diagnoses among all black men in 2014 [2,3]. Black
young MSM (BYMSM) between the ages of 13 and 24 years
accounted for over half (54%) of new HIV infections among
all MSM in that age group [3]. In Los Angeles (LA) County,
youth aged 18-29 years constituted 40% of all HIV diagnoses
among black menin 2013 [4], and 71% were unawarethey were
HIV-positive [5]. These data demonstrate that despite current
prevention efforts, BY M SM remain disproportionately affected
by HIV both nationally and locally.

Previous research indicates that BY MSM face many barriers
to HIV testing and treatment [6-8]. In particular, if diagnosed
with HIV, BYMSM are less likely to receive appropriate HIV
care, be on antiretroviral therapy (ART), or perceive they have
access to medication, often due to factors such as economic
disadvantage and limited accessto culturally appropriate health
care [2]. BYMSM aso may experience disapproval,
discrimination, and homophobia from their families and faith
communities and may resist disclosing their sexuality out of
fear of rgjection [5,7,9]. Such barriers highlight the need to
develop tailored HIV prevention and treatment interventions
that address the complex structural and psychosocial barriers
impacting the health and wellness of BY MSM. Whereas some
HIV prevention and treatment interventions target black MSM
(ie, Many Men, Many Voices, The Bruthas;, MAALES,
ES-HIM), few are designed specifically for BY MSM [10-14].
Culturally tailored interventions are especially important when
targeting certain subpopulations since varying cultures have
been known to espouse different knowledge and attitudes in
regards to HIV risk [15]. Nevertheless, previous research
demonstratesthat culturally appropriate materials can positively
impact health behaviors among BYMSM [16].

Mobile Technology, Young Adults, and MSM

Mobile technology, including the Web and mobile phone apps
have become important venues for information seeking,
communication, and social networking [17]. Young adultsaged
18-29 yearsinthe United Statesrepresent a digital generation”:
83% of this population owned amobile phone and 97% reported
using the Web or email through a maobile device as of January
2014 [17]. Young men who have sex with men (YMSM) aso
use mobile technology to seek sexual health information and
find mobile phone-based HIV prevention interventions
acceptable[18-20]. In Los Angeles, 89% of racially or ethnically
diverse young MSM mobile phone users accessed the Web to
find information about HIV or acquired immune deficiency
syndrome (AIDS), whereas 79% used the Web to find an HIV
testing location [21].

MSM are aso increasingly using geosocial networking (GSN)
apps such as Grindr, Jack’d, and Scruff to locate sexual partners,
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meet friends, and connect to gay communities [22,23]. The use
of GSN appsamong M SM has been associated with an increased
risk for sexualy transmitted infections (STIs). A large
community-based study by Beymer et al [24] found that M SM
in Los Angeles who used GSN apps to meet sexual partners
had greater odds of testing positive for gonorrheaand chlamydia
compared with those who had not used GSN appsto meet sexual
partners. Given the widespread use of technology among young
adult populations, the associations between GSN app use and
HIV or sexually transmitted infection (STI) risk, and YMSM’s
willingness to receive HIV prevention information via mobile
phone, tailored mobile phone—based prevention and treatment
interventions are needed to address HIV-related health
disparitiesamong BYMSM [21].

M aobile Technology Interventionsand BY M SM

Previous research has demonstrated the need for and
effectiveness of technology-based interventions in improving
outreach, testing, and linkage to information about and services
for HIV among Y MSM [25-27]. Although limited, some studies
document the outcomes of technology-based interventions
targeting BYMSM. For instance, Hightow-Weidman's [16]
pilot of HeathMpowerment (HMP), a 4-week, interactive,
theory-based Web-based HIV and STI intervention targeting
black men in North Carolina (aged 18-30 years) found that
participants in the intervention group reported increased
intentionsto use condoms, aswell as engagement in preparatory
condom use behaviors, compared with control group
participants. HMP also maintained a 90% retention rate at
one-month following the intervention and a 78% retention rate
at 3 months. A Philadelphia-based, 12-week, text messaging
(short message service, SMS) HIV prevention intervention
targeting sexually active BY MSM (16-20 years old) who owned
a mobile phone, sent 3 weekly HIV prevention-related text
messages to intervention group participants, and 3 weekly
nutrition-related text messages to control group participants.
This study found higher awareness of sexual health among
i ntervention group participants compared with the control group
participants at follow-up [28].

The development of mobile phone app interventions for
BYMSM hasthe potential toincrease HIV testing and treatment
among this high-risk population. Technology-based
interventions offer opportunities to engage MSM who are less
accessibleto researchers and clinicians due to stigma associated
with sexual minority identity disclosure, yet who may till
engage in high-risk behaviors[29]. Thistype of interventionis
promising because it could be accessed privately by users,
helping to circumvent the stigma associated with same
sex-sexual behavior or HIV-positive status among some
BYMSM [30]. YMSM participating in technology-based HIV
prevention interventions and formative research on mobile
technol ogy also express satisfaction with and willingnessto use
mobile phone-based HIV prevention programs [16,21,26].
However, few HIV prevention interventions have been tailored
for mobile phone platforms and many fail to attract mobile
phone users, receive low user ratings, and are not commonly
designed for racially or ethnically diverse populations[2].
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Present Study

Givenincreasing HIV rates among BY MSM, the psychosocial
barriersthey facerelated to HIV testing and treatment and their
accessto and use of mobile phones apps, thereisacritical need
and opportunity to develop innovative, culturally tailored mobile
phone-based HIV prevention strategies for this population.
However, little research has qualitatively examined BYMSM’s
use of apps and preferences for mobile phone-based HIV
prevention and treatment, which may be helpful in understanding
how to tailor mobile phone—based HIV prevention and treatment
efforts for BYMSM. Using qualitative methods, this study
sought to elucidate the types and patterns of technology use
among asample of BY MSM in order to better understand their
preferences for mobile phone app interventions as amechanism
to promote outreach, HIV testing, and linkage to appropriate
HIV and health-related services.

Methods

Participants and Procedures

Datawere gathered through focus groupswith BY MSM in Los
Angeles, California (6 focus groups, 6-8 participants per group,
N=41). For this study, we defined youth according to Arnett’s
(2000) definition of emerging adulthood [31]. Participantswere
recruited through flyers posted in a range of community-based
agencies serving BYMSM throughout LA County. Flyers
instructed potential participantsto call a central number where
they were screened for eligibility. Eligible BY MSM were 18-29
years old; identified as male; identified as black; identified as
gay, bisexual, or had had sex with aman in the past 6 months;
and had access to a mobile phone. A total of 49 potential
participants inquired about the study, 3 were ineligible, and 5
screened eligible but did not attend their scheduled group.

Each focus group lasted 90-120 minutes, was audio-recorded,
and conducted in Englishin private roomsat 2 community-based
agenciesserving BYMSM in Los Angeles. Prior to theinitiation
of focus groups participants completed a pre-focus group
assessment that asked them to provide information about their
demographic characteristics, mobile phone ownership, and
social media use. Two trained members of the research team
led each focus group and another took notes. Participants were
assigned identification numbers, which were used to protect
their identities and to track their responses throughout the focus
group discussions. Each participant was paid US $20 as an
incentive. Study protocols, including informed consent
procedures, were approved by the North Campus Institutional
Review Board at the University of California, Los Angeles.

M easures

Semistructured focus group methodol ogy was chosen to enable
participants to interact with each other in response to a series
of a priori questions developed by the research team. This
approach was chosen to generate a richness of data not aways
possible with individual interviewsin addition to being amore
efficient way of resolving any seemingly conflicting information
[32]. Semistructured focus group guides contained a range of
guestions regarding technol ogy use, health and wellness, access
to community resources, experienceson GSN apps, and desired
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featuresfor mobile phone—based HIV prevention and treatment
interventions. Questions were asked in such away asto allow
participants to discuss the positive and negative aspects of the
technologies in question.

For thisanalysis, we focused on the following 2 semistructured
interview topics: (1) experiences and impressions of existing
mobile apps for gay and bisexual men, and (2) preferences for
functions of a mobile phone app for HIV prevention and
treatment targeting BY MSM. First, BY MSM were asked about
their current experiences with mobile phone apps and the
strengths and weaknesses of existing apps. Specifically, we
asked which GSN apps participants preferred and the
circumstances under which they used these apps. We asked
participants to describe preferred features and functions on
existing apps. Wewere particularly interestedinwhat BY MSM
might want to see on a new mobile phone app for promoting
HIV prevention and treatment. Finally, participants were asked
to consider themselves app designers and to suggest layouts,
features, functions, and content areas for a new app.

Data Analysis

Audio recordings of the focus groupsweretranscribed verbatim
for analysis by an independent agency and reviewed by the
research team for accuracy by listening to the audio recordings
and comparing them with the written transcripts. Transcripts
werethen analyzed using amethodol ogy of “coding consensus,
cooccurrence, and comparison” [33]. This methodology relies
on iterative coding of focus group transcripts using apriori and
emergent codes and team meetingsto refine analytic codes and
establish interrater reliability. Specificaly, the research team
reviewed aninitial sample of focus group transcriptsto identify
key themes via in vivo coding, which formed the basis of a
formal codebook. The codebook was refined after an iterative
coding process and, once finalized, two members of theresearch
team were responsible for coding the interviews separately.
Communication between research team members took place
after formal coding of al focus groups, for which we used
ATLASLI textua analysis software [34]. Interrater reliability
was calculated by comparing a subset of transcripts and
calculating the percent match of apriori codes between the two
research assistants. High interrater reliability was achieved
(93%). When inconsistencies between coders occurred, athird
member of the research team was consulted to discuss and help
resolve any inconsistencies. Our analysis focused on the
narratives that emerged from discussing the two thematic areas
named above (ie, mobile phone app usage patterns and
preferences for mobile phone app development).

Analysis was guided by a modified grounded theory approach
(ie, theory derived from data and then illustrated by
characteristic examplesof data) [35]; transcriptswerereviewed
and memos were written to document initial concepts and to
define the boundaries of specific concepts[36]. Field notesand
interview transcriptswere then independently coded to condense
the datainto analyzable units. Segments of text ranging from a
phrase to several paragraphs were assigned codes based on a
priori definitions (ie, from the interview guide) or emergent
themes (al so known as open coding) [35]. Based on these codes,
the computer program ATLAS.ti was used to generate lists of
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codes, which were then summarized and entered into data
matrices (with the focus group on the column and content area
on the row) for comparison across focus groups. Through the
process of constant comparison, the codes were further
condensed into broad themes [35]. In the reporting of results,
pseudonyms were developed for each participant to maintain
confidentiality and protect the identities of human subjects.

Results

Descriptive Statistics

The total sample consisted of 41 BY MSM. Participants’ ages
ranged from 19-29 years; the average age being 26 years. More
than three-quarters of the sampleidentified asgay (31/41). Over
half had received some education past high school (56%, 23/41)
and an additiona 27% (11/41) had graduated college.
Participants were stably housed: over half (60%; n=24) rented
ahouse or apartment and nearly two-thirds (65%, 33/41) lived
with others. More than three-quarters of the sample had part-
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or full-time employment (78%, 32/41) and more than a third
made less than US $12,000 annually.

Principal Results

The mgjority of participants used either an Android mobile
phone (61%, 25/41) or iPhone (46%, 19/41), which they reported
using to communicate most frequently with either friends or
romantic partners (59%, 24/41 and 22%, 9/41). The most
popular methods of communication via mobile phone were
talking (83%, 34/41) and texting (90%, 37/41). Popular social
networking sites included Facebook (85%, 34/41), Instagram
(85%, 34/41), and Twitter (48%, 19/41). The majority of the
sample used socia networking apps, with 71% (27/41) reporting
daily use. Popular GSN appsfor partner seeking included Jack'd
(53%, 21/41) and Grindr (18%, 7/41); popular websites for
socia or sexua networking included Craigslist (38%, 15/41)
and Adam4Adam (23%, 9/41). Tables 1 and 2 provide additional
information on demographic characteristics and mobile phone
and other technology use.
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Table 1. Demographic characteristicsamong BYMSM in Los Angeles, California (N=41).

Characteristic n (%)

Mean Age (in years) 25.8(3.1)

Sexual orientation, n (%)

Heterosexual 1(3)
Bisexual 7(18)
Gay or homosexual 31(78)
Other 1(3)
Highest educational attainment, n (%)

High school graduate or less 7(17)
Some college or trade school training 23 (56)
College graduate or above 11(27)

Current living situation, n (%)?

Own home or condo 3(8)
Rent house or apartment 24 (60)
Family member’s house 9(23)
Friend's house, condo, or apartment 1(3)
Spouse or lover or sexual partner’s house, condo, or apartment 1(3)
Homeless shelter or “safe house” 1(3)
Other 1(3)

Currently liveswith (check all that apply), n (%)b

Alone, no other person 8(20)
A spouse or lover 5(13)
A sexual partner (not spouse) 2(9
Other adult family members 12 (30)
Close friends or roommates 14 (35)
Children under the age of 18 years 1(3)
Other 1(3)

Main source of incomein past 6 months (check all that apply), n (%)b

Employment (part- or full-time) 32 (78)
Food stamps, welfare, disability, unemployment 13(32)
Other 3(7)

Money in thelast 30 days, n (%)2

Less than US $50 (eg, less than US $600 per annum) 3(8)

US $51-US $249 (eg, US $600-US $2999 per annum) 4 (10)
US $250-US $499 (eg, US $3000-US $5999 per annum) 8(20)
US $500-US $999 (eg, US $6000-US $11,999 per annum) 5(13)
US $1000-US $2999 (eg, US $12,000-US $35,000 per annum) 9(23)
US $3000-US $4999 (eg, US $36,000-US $59,000 per annum) 5(13)
US $5000-US $6249 (g, US $60,000-US $74,999 per annum) 1(3)

Refused 5 (13)

3percentage may not equal 100 due to rounding.
bResponse optionsincluded check all that apply; percentages will not add to 100.
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Table 2. Mobile phone and other technology use characteristics among BY MSM in Los Angeles, California (N=41).

Characteristics n (%)

M obile phone type (check all that apply)?

Android 25(61)
iPhone 19 (46)
Other 12
Via mobile phone, communicates most with (check all that apply)?
Friends 24 (59)
Spouse or lover 9(22)
Casual sexua partner 3(7)
Exchange sexual partner (for sex work) 1(2
Roommate 4(10)
Family of origin 8(20)
Refused 2(5
Uses mobile phone to connect with people by (check all that apply)?
Talking 34(83)
Texting 37 (90)
Email 28 (68)
Apps 31(76)
Websites 19 (46)
Other 1(2
Other devices used (check all that apply)?
Laptop 29 (73)
Desktop computer 10 (25)
Tablet 15 (38)
Public computer (eg, at alibrary) 7(18)
Wearable device (eg, Fitbit, Up Band, Nike Fuel Band) 1(3)
Social networks used (check all that apply)?
Facebook 34 (85)
Twitter 19 (48)
Instagram 34 (85)
Pinterest 3(8)
Linkedin 8(20)
Google+ 11 (28)
Shapchat 5(13)
MySpace 2(9
Dating or hook-up websites currently used (check all that apply)?
Craigdlist.org 15(38)
Gay.com 2(5)
Adam4Adam.com 9(23)
Blackgaychat.com 1(3)
Match.com 1(3)
Other 7(18)
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Characteristics n (%)
Dating or hook-up apps currently used (check all that apply)?
Grindr 7(18)
Jack’d 21 (53)
Other 3(8)
Freguency of social networking app use to connect with peopleb
Daily 27 (72)
Weekly 8(21)
Monthly 1(3)
L ess than once per month 1(3)
Refused 13
Typical way of connecting with peoplein their life (check all that apply)?
In person 24 (60)
By mobile phone (not mobile phone) 6 (15)
By mobile phone 31(78)
By computer (Iaptop or desktop) 8(20)
By tablet 1(3)

8Response optionsincluded check all that apply; percentages will not add to 100.

bPercentage may not equal 100 due to rounding.

M aobile phone App Usage Patterns

As discussed previously, BYMSM used their mobile phones
for varied reasons, including communicating with friends and
family, checking emails, engaging with social media, and for
personal entertainment. Many engaged in acombination of these
activities and found that it made them more “efficient.” For
example, 29-year-old Darrius used his Android phoneto increase
his organization and productivity, which he preferred over a
regular cellular device:

To be efficient in time, like time management. | love
Google Now. Navigating purposes, as far as the
public transportation, and driving are key for
me...And it’s like everything on social media and the
communication aspects— can use a regular phone
for that, you know what I'm saying? But a mobile
phone helps you be efficient.

Others found that syncing their apps made their lives easier.
The integration of multiple apps was important for Alex, a
28-year-old iPhone user:

What | like most about the Nike+ Running app isthe
fact that it integrates with the music that’s on my
phone, so I’'m able to play music as I'm jogging or
as I'm running. And then it will adapt—or | can
control the music on the go and | don't have to
completely go back into iTunes to adjust. It also
simultaneously will tell me distance, location, and
pace. So | like that it reminds me every so often what
my pace is and what 1'm doing without me having to
think about it.

http://mhealth.jmir.org/2017/4/e46/

When asked why they used their mobile phonesand which apps
they used most frequentlyy, BYMSM did not mention
partner-seeking apps. Whereas this was true across al focus
groups, when probed on their use of these apps, amost all
BYMSM in the study mentioned using GSN apps such as
Grindr, Tinder, and Jack’d. Many mentioned regular use of
these apps, while others reported more sporadic use. Some
described themselves as“ chronic” users. For instance, Marcus,
a23-year-old iPhone user, went so far asto say he was addicted
to one:

I’'m a chronic (GSN app) user. I'm very addicted to
(it) at this point. Snce I’ ve redownloaded it about 6
months ago, I've accumulated about 480 unread
messages and | pick and choose who | want to reply
to. Just seeing that number, it does something to my
self-esteemthat | specifically can’t do for myself.

Interactions on these apps were not always positive, however,
and many participants experienced racist or derogatory remarks
from other users. Marcus went on to share his negative
experiences on a popular partner-seeking app:

I would be approached or messaged by Caucasian
men and they would make reference to my “ big black
cock;” of which | don't have a picture of anywhere
on my profile. | felt like they were putting me in the
stereotype of big black men that have these
knee-dangling penises and they're just letting
everybody suck it. Also one (older) Caucasian man
wanted me to be his “ dlave” ...his “ bedroom slave”
One man was a Latino. He just wanted to tell me |
was a nigger and cussed me out in Spanish, called
me “ mayate” —that’s Spanish for a bug.
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In response to and in anticipation of overtly racist interactions,
several participants used app features that blocked racist or
aggressive users, filtered for their preferences (in order to avoid
other usersbased on race), or created detailed profilesoutlining
expectations for communication in order to avoid negative
conversations. This allowed participants to “filter by race”
meaning that they would use the filter function to view only
other black men and to structure potential partners on the app
to agroup of usersthey thought reflected their own desires and
responded to them in a manner that they appreciated.

Julian, a 25-year-old iPhone user, shared:

... have to be honest, you know, | try as much as |
can personally tofilter through race before | actually
meet somebody.

While filtering and blocking were strategies used by many
BYMSM across different apps, specific features of a popular
app allowed for usersto see who had viewed their profile. This
in turn allowed them to see the types of people they attracted
and decide with whom to speak. Additionally, many participants
commented on the detailed nature of many other users’ profiles
that stated “what kinds of peoplethey’reinterestedin,” allowing
them to know if afruitful conversation was probable. As Jeffrey,
a20-year-old Android user, and Nathan, a 21-year-old Android
user, discussed:

With who's been viewing you, you can see how many
times they usually reply to people, what kinds of
peoplethey'reinterested in, like black, Latino, bears,
strictly friends or something like that..who you
message and who you talk to. [Jeffrey]

| guess | like how the profile is on (GSN app name)
because everything is right there. You have your
pictures on one side and then you have all the
information about the person on the other side. You
can determine if you think you're going to like the
person right off the bat because all of the person’'s
qualities or featuresisright there. [Nathan]

In generd, participants appreciated easily accessibleinformation
about potential partners and getting tailored feedback on their
app use to facilitate partner seeking and limit negative
interactions.

Preferences for M obile Phone App Development

There was a high degree of support for a mobile phone app for
promoting HIV prevention and treatment. However, there was
nearly universal agreement that this app should go beyond HIV
and address health and wellness more broadly. Many thought
that app users should have direct access to trusted doctors and
clinicians via an app; yet, participants were torn between
whether they should be able to communicate with other users.
Some thought that this could be a potential for meeting new
friends or even new partnerswho are also concerned with taking
care of their hedth. Kevin, a 29-year-old Android user
commented:

This app should have something so you can talk (to)
other people who have the app. For example, he may
not want to go to the clinic by himself and maybe

http://mhealth.jmir.org/2017/4/e46/
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someone else is going to go, so maybe they can go
(together) (sic)...You know;, it should be a message
board.

Dejuan, a 20-year-old iPhone user elaborated:

| would say direct (messaging) too. You can meet
people that have this app, so (that) you know either
thispersonisprotected, they know what they' re doing,
or they're taking care of themself health wise.

Additionally, participants thought it useful to meet someone
who has been through the same issues they might be going
through and viewed an app as an opportunity to obtain peer
advice rather than strictly medical or professional insight.

Elijah, a 21-year-old iPhone user said:

You can actually go to other people for advice. Say,
for instance, they already dealt with the problem that
you're having, so you can go to themand belike, * Oh,
what did you do? What stuff did you take?” And it can
actually help you through it.

Some expanded on thisidea of using an app to meet peoplewith
whom they have shared experiences by looking for a“ sponsor.”
Ryan, a 29-year-old iPhone user thought that using a mobile
phone app to target BY M SM who are newly HIV-positivewould
provide an avenue for usersto connect with someone who could
walk them through the HIV health care process:

If you're targeting young, black, African-American

males who are just finding out that they are

HIV-positive or afraid to deal with the stigma of being

HIV-positive, | think it would be great if you were

able to click on an app to find a sponsor or someone

that would help guide you through the motions. Tell

you, ‘Let'sgofind atesting site. Il walk you through

this.
Conversely, some participants thought that being able to
communicate with other users would be a potentia breach of
the app’s confidentiality and strongly opposed communicating
with other users on the platform. These participants thought
that you should only be ableto connect to alocal health provider
for services or information. Jordan, a 29-year-old Android user
elaborated:

| agree with only doctors, especially in this lifestyle,
you know, people are going to say you' ve been doing
something else. You don’t want that on the app
because that's going to make people not want to get
on the app no more.

Ryan, a 29-year-old iPhone user, further reflected on the
importance of confidentiality:

As | said earlier when it comes to apps, everybody
knows everybody, knows everybody. And especially
when you deal with African-American homosexuals
in this environment of West Hollywood...If | choose
to goto a testing facility or go somewhere, I'mgoing
to be selective of where | go specifically, so my
information doesn’t get to someone's friend who
knows someone who knows someone, (when) it should
be confidential.
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Participants viewed an app as a way to directly connect to a
provider privately and confidentially and as a way to avoid
automated machines or culturally insensitive HIV health care
providersthat could taint their experiences of engagement with
HIV prevention and care.

Terrance, a 22-year-old iPhone user stated:

Just to be able to go through that app to make an
appointment. | don’t want to have to call; you know
what | mean? If | do have to call, then yeah, the
number should be on the iPhone, you can click the
number and it just directly calls. But on the app, if
I’mableto, type, ‘ Hey, this spot isopen, can (I) come
in at this time?’ it saves me talking to Susie at the
front desk and the automated service, which both will
piss me off.

While the magjority of participants were excited about the
prospect of anew health app geared toward black gay men, they
struggled with whether it should be directed only to BY MSM.
Citing the many health disparities that exist more generally for
men of color, and particularly black men, somethought that the
app would be better if it were genera in its approach, but
allowed for the user to personalize its content. Deshawn, a
28-year-old iPhone user, thought strongly that the app needed
to focus on issues outside of HIV and STDs and to be more
encompassing to black men’s health more generally:

Even though we' re African American gay men, we're
still African American men and we still experience
the same health disparities that black men in general
experience, but we're so caught up on HIV and STDs
that we don’t talk about other stuff like diabetes or
colon cancer and all these other things. So | think
making it broader will not only expose other people
to this, but will also expose usto things.

Holloway et al

Furthermore, some partici pants thought that the app could more
broadly cater to the larger black community. Sebastian, a
25-year-old Android user argued:

Don't just makeit a gay thing...Make sureit’shealth,
period, for black people, because that's the struggle
of trying to get black people in health care.

Despite overall enthusiasm for the creation of an app that would
facilitate hedth and wellness among BYMSM, many
participants cited potential barriers to its effectiveness. One
such barrier would be if the app were viewed astoo “pushy” or
forced HIV-related content. Sebastian, contended:

Having too much awareness, like having all the ads

about HIV and all the ads about health care,

sometimes they make you scared to go. You know,

like, peopletry to push religion on you? It makes you

feel like—someone trying to push health care on you.
Other barriers included the accessibility and readability of the
information on these apps. For example, participants were
concerned about the technical language used on some health
websites, such as WebMD. Marcus, a 23-year old iPhone user,
stated:

Yeah, I've tried WebMD but it wasn’t easy for me to
use...l think it was the terminology that | didn't
understand. When | would click on a certain body
part andit’d give methislist of stuff, I’'mlike, ‘What's
atracheal tube? you know?

Despite concerns about the use of technical language within the
app and fears about privacy and confidentiality, the general
consensus among participants was an excitement for the creation
of ahealth app for BYMSM. In order to further refine how an
app to promote HIV prevention and treatment for BY MSM
might be most successful, participants suggested many features
and functions that they would appreciate (see Tables 3 and 4).

Table 3. Content for a health app suggested by BYMSM in Los Angeles, CA (N=41).

Content Example quotes

Rating and reviewsfor locd clinicsand
providers

Statistics and health news

Cedric: “I think a Yelp approach...So | think something like that where you can rate the clinic, where you
can rate the provider, and be able to give as detailed or aslittle of information and feedback...”

Dejuan: “1 think it should have—you know how they have trending topics, Twitter and all that, it should

have statistics and stuff like that too, so people can aso be aware as well of other things. Like this many
people this, or this many people that. This many people came in this day and got this”

Content on fitness and nutrition

Deshawn: “This may be obvious but | was thinking having the site broken up into clear categories, so mental

health versus sexual health versus fitness and nutrition. And then having subcategories under each of those.
So from the home page, it's very easy to access whatever specific information you want. You don’'t have to

search through the app to find it.”

Other halistic health information not
limited to HIV and STDs

Craig: “| think also it would be great to have something that also offers culturally competent mental health
services and stuff like that, because beyond just HIV, STD stuff, because there are so many other things that

people don't realize that they can have access to resource-wise...”

Localized content about health and up-
coming events for BY MSM

Jordan: “Yeah, if you want information, you can login to that app and be like, okay, thisisthis. Even, it can
be different party sites, different clubs going on for the—like, al types of stuff. It'sjust an app that makes

you want to login because you don’'t know what type of information you're going to get.”

Symptom checker
stuff.”

Rohan: “You can have STD information, kind of like how WebMD hasit. You can put in symptoms and
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Table 4. Features and functions of a health app suggested by BYMSM in Los Angeles, CA (N=41).

Features and Functions

Example quotes

Direct messaging to clinicsand primary
care providers

User chat and message boards

Geolocation of testing and care clinic
locations

Contestsand prizesfor participating in
health games

Find a sponsor for newly diagnosed or
out-of-care HIV-positive men

Integration with popular dating and re-
lationship apps

Jaron: “So maybe to be able to be in contact with somebody, like a nurse hotline or something, somebody
who could respond to you directly viachat.”

Kevin: “You know, it should be a message board.

Dejuan: | would say direct too. You can meet friends on here but you only meet people that have this app,
so you know either this person is protected, they know what they're doing, they're taking care of themself
(sic) health wise”

Jeffrey: “ Yeah, like the tabs, like different tabs. Because my ideawas that it would give updates so that could
be one tab is the updates. And then the second tab could be, like, a proximity for where the closest clinics
are or something like that. And then another tab could be...whatever else we were coming up with. But dif-
ferent tabs so you can swipe through al your stuff.”

Nathan: “You can also do—just ask questions about—it can be arandom question about, “What isHIV?’
and then the first person to answer the question gets movie tickets.”

Ryan: “When you think about Grindr, Jack’d, and we talk about confidentiality and the good parts about that
is picking and choosing who you can deal with and who you want to and you can block people. | think it
would begreat if you treat the app just likean AA sponsor. If you'retargeting young black, African-American
males who are just finding out that they are HIV-positive or afraid to deal with the stigma of being HIV-
positive, al the above, | think it would be great if you were able to click on an app to find a sponsor or
someone that you can disclose confidentiality to that would help guide you through the motions”

Devon: “| think maybe having an app that is cater—we know that as, you know, young black men, everybody’s
out there having sex. Why not cater to an app that at the forefront is health, where you know that they're
having sex, you know what | mean? Instead of something like Jack’d where it's just a sex site. A4A isjust
asex site. That it has health advertisement. How about having something that is a health site that you can

find somebody that you can have sex with?’

Discussion

Principal Findings

This study was among the first to qualitatively explore
BYMSM'’spreferencesfor mobile phone-based HIV prevention
and treatment. BYMSM continue to be disproportionately
impacted by HIV despite existing prevention efforts [2,3,37].
While mobile technologies represent powerful tools to recruit,
engage, and deliver HIV prevention and treatment information
to young people [38], few studies have effectively harnessed
these technologiesto reach BY MSM [39]. Our study sought to
understand the waysin which BY MSM engage with technology
and offer suggestionsto researchers and practitioners who seek
to use mobile phone apps to engage this population.

BYMSM in our study were avid mobile phone userswho relied
heavily on apps in their daly lives for productivity,
entertainment, information seeking, and meeting sexua partners.
These data are consistent with national trends, which suggest
that people of color are thefastest growing user base for mobile
phones [40], and other research supporting widespread mobile
phone use among MSM [41]. The popularity of mobile phones
among BYMSM presents a unique opportunity for HIV
prevention and treatment intervention researchers and
practitioners. However, a recent study by Muessig and
colleagues [39] found 55 existing apps for Android or iPhone
as of 2012 aimed at HIV prevention and care. The majority of
these apps were infrequently downloaded and not highly rated
by consumers, raising questions about the relevance of these
kinds of apps. It is important to mention that health apps are
often available but that the use of these apps may not necessarily
be reported in peer-reviewed journals. That said, the data

http://mhealth.jmir.org/2017/4/e46/

available in the academic literature suggest a potential
disconnect between the needs of consumers and the design and
functionality of HIV prevention and treatment apps.

BYMSM in our study were interested in an app for health and
well-being, not necessarily one targeted exclusively at HIV
prevention and care. Privacy and confidentiality were paramount
for our participants, who expressed hesitancy about downloading
an app onto their mobile phone that might indicate to others
that they were HIV-positive or engaging in behavior that could
put them at risk for HIV. Other research has highlighted
attention to privacy and confidentiality with BY MSM who may
be especially vulnerable to stigma and discrimination for
engaging in same-sex sexual behaviors[32]. Participantsin our
study expressed clearly that in order for an app to be trusted
among BY M SM, it would need safeguardsin placefor personal
health information. Security breaches are a major barrier for
many technology users—this may be especialy true among
black MSM, where medical mistrust is well documented [42].

Although participants agreed HIV should not be the sole focus
of the app, they were strong advocates of being able to access
information about HIV prevention and treatment. Participants
liked the idea of using GPS to find nearby testing clinics.
Furthermore, participants wanted to read reviews of other users
experiencesat HIV testing and clinical sites, book appointments,
and speak to clinical providers on the Web. Thesefunctionsare
already being incorporated into some apps designed for sexual
health. Healthvana, for example, is an HIV and STD testing
app that allows users to find nearby clinics, read user reviews,
see hours of operation and, in some cases, schedule
appointments. Healthvana also enables users to request their
test results via the app in order to share those results with
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potential sexual partners. The ability of users to communicate
directly with HIV health care providers may present challenges
in terms of cost and scalability of health apps. The most
successful mobile phone interventionsto date use low-cost text
messaging for appoi ntment and medi cation adherence [43-45].
However, collaborations with county health departments that
enable a peer health educator or nurse practitioner to be “on
call” for messaging with app users could be highly effective at
engaging usersand directing them to appropriate HIV prevention
and treatment services.

Many participants liked the idea of incorporating social media
into an app and suggested this as away to build social support
networks with others. Some studies have used existing social
media platforms, like Facebook, to deliver HIV-prevention
interventions for youth [46,47] and for black MSM [48].
Harnessing Online Peer Education (HOPE) is a
Facebook-delivered intervention for black and Latino MSM
that assigns participants to private Facebook groups facilitated
by peer educators who disseminate information about HIV and
engage group members in conversations about safer sex
behaviors. In apilot randomized controlled trial in Los Angeles,
network ties among users increased over a 12-week period,
which was associated with greater requestsfor HIV hometesting
kits and lower self-reported HIV risk behaviors [49]. These
findings support the integration of social media functionality
in mobile phone appsto increase engagement in HIV prevention
and treatment.

While social media functionality that enables users to
communicate via message board postings as well as instant
message may increase interest in app use, it aso presents
potential challenges. First, acritical mass of usersis necessary
to entice potential users to join existing networks. Our
participants suggested offering incentives to join and engage
with the app in addition to partnerships with local businesses
to engage the community through advertising and events.
Second, some participants were concerned that social media
functionality would facilitate sexual partnership formation on
the app. Whereas sexual partner seeking via an app designed
with health in mind could lead to safer sexual behaviors among
users, participants highlighted that there were already many
apps designed for this purpose and expressed interest in
integration between these apps and a health app for BY MSM.
Finally, some participantsworried that by enabling usersto talk
to one another the risk of unwanted disclosures regarding
same-sex sexual behaviors or HIV serostatus would be more
likely.

Participants were supportive of an app tailored specifically for
BYMSM as it had the potential to offer a Web-based space
without the overt and covert racism they often experience on
other apps. Discrimination and stigma via social media have
been reported by BYMSM qualitatively [50], but have rarely
been explored in relation to sexual health for this population.
Our participants described strategies for mitigating racism,
which seemed to have important implications for the
construction of sexual networks established via socia media
For example, filtering by racein order to avoid overt race-based
hostility or sexual objectification may limit the sexual networks
of BYMSM. One hypothesis for increasing rates of HIV
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infection among BY MSM, despite lower reports of behavioral
risk factors (eg, unprotected anal intercourse, substance use),
focuses on same race sexua networks, where disease
transmission risk is higher dueto higher HIV prevalence among
BYMSM compared with other racial or ethnic groups [37,51].
Further attention to the ways technology influences sexual
network structure and composition, including research to
elucidate how technology-based sexual networks are formed
and maintained among BYMSM, is needed. While an app
exclusively for BY MSM has the potentia to reinforce sexual
partnering by race, a focus on coping with and responding to
racism, homophabia, and other forms of oppression on the Web
could be useful to BYMSM.

Technology-based HIV intervention research with MSM has
recently emerged with promising results [33,38,49]. To our
knowledge, only one published study has specifically targeted
BYMSM: Hightow-Weidman and colleagues [38] pilot tested
a mobile phone optimized intervention called
HealthMPowerment.org with 15 young black MSM and
transgender women who have sex with men in North Carolina.
Although the sample size was too small to detect statistically
significant effects, participants described satisfaction with the
intervention, which uses gaming theory as a way to engage
participants with the app. Upon conclusion of the 4-week trial,
participants described how HMP led to changes in sexual risk
behaviors, including increased condom use and HIV testing.
This early work demonstrates the feasibility and acceptability
of app-based HIV prevention interventions and the potential
utility of gaming theory asaframework for engaging BY MSM.
Participantsin our study also suggested the use of incentivesto
maintain participant engagement but suggested broadening the
app framework beyond HIV prevention to incorporate a more
holistic conception of health. Our previouswork with the House
and Ball communities in Los Angeles demonstrates the many
other psychosocia concernsfacing black MSM: low educational
attainment, unemployment, homelessness, stigma, and
discrimination [52]. Attention to these concerns within app
platforms may improve the engagement and utility of mobile
phone apps designed to improve HIV prevention and treatment.

Limitations

This qualitative study focused on the experiences of BY MSM
using mobile phonesin Los Angeles, California. Selection bias
introduced by convenience sampling isalimitation and findings
may not be representative of al BYMSM. BYMSM were not
asked to provide any identifying information during focus
groups,; however, participation in a group where others might
recoghize them or disclose their identity may have prevented
some potential participants from volunteering to participate. In
order to limit biases introduced during coding and thematic
analysis, research assistants wrote statements of reflexivity,
which increase objectivity in qualitative research.

In our analysesthere did not appear to be differencesin app use
and app preferences by HIV serostatus. This may be due to the
fact that we used the same semistructured interview guide for
both HIV-negative and HIV-positive participants. Future studies
may want to focus on mobile phone app design related to
prevention and treatment separately in order to clarify how to
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best leverage technology for HIV prevention versus treatment.
While focus group methodology enables interaction between
participants, it is difficult to know if the recommendations and
preferencesthat participants shared in agroup accurately reflect
their actual usage. Therapid pace of technological developments
in mobile phonesand social mediamakeit difficult for research
findingsto keep up with usagein the real world. Future studies
should pay particular attention to emerging technologies that
may be leveraged for HIV prevention and treatment.

Conclusions

Holloway et al

wise to consider how technology can support BY MSM along
the HIV prevention continuum and the HIV care continuum
depending on serostatus. Our findings highlight interest in HIV
prevention and treatment delivered via apps tailored for
BYMSM, but raise significant concernsthat must be addressed
in order for them to be successful—namely privacy and a
singular focus on HIV without attention to the other health and
psychosocial issues impacting this population. It is crucial that
public health practitioners partner with app devel opersto create
apps that are engaging and provide a range of functions that

meet the needs of BYMSM. Our research demonstrates the
importance of including BY MSM in the development of these
apps to ensure their effectiveness and uptake among this
population disproportionately impacted by HIV.

As mobile technologies increasingly become tools for the
prevention and treatment of HIV, these technologies should be
integrated into existing models of care. Researchers would be
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Abstract

Background: Many preventable behaviors contribute to adolescent mortality and morbidity. Non-adherence to preventive
measures represents a challenge and has been associated with worse health outcomes in this population. The widespread use of
€electronic communication technologies by adol escents, particularly the use of text messaging (short message service, SMS) and
mobile phones, presents new opportunities to intervene on risk and preventive risk behavior, but little is known about their
efficacy.

Objective: This study aimed to systematically evaluate evidence for the efficacy of text messaging and mobile phone app
interventions to improve adherence to preventive behavior among adolescents and describe intervention approaches to inform
intervention devel opment.

Methods: Thisreview covers literature published between 1995 and 2015. Searches included PubMed, Embase, CENTRAL,
PsycINFO, CINAHL, INSPEC, Web of Science, Google Scholar, and additional databases. The search strategy sought articles
on text messaging and mobile phone apps combined with adherence or compliance, and adolescents and youth. An additional
hand search of related themes in the Journal of Medical Internet Research was also conducted. Two reviewers independently
screened titles and abstracts, assessed full-text articles, and extracted datafrom articlesthat met inclusion criteria. Included studies
reflect original research—experimental or preexperimental designswith text messaging or mobile phone app interventions—targeting
adherence to preventive behavior among adolescents (12-24 years old). The preferred reporting items of systematic reviews and
meta-analyses (PRISMA) guidelineswere followed for reporting results, and findings were critically apprai sed against the Oxford
Centre for Evidence-based Medicine criteria

Results: Of 1454 records, 19 met inclusion criteria, including text messaging (n=15) and mobile phone apps (n=4). Studies
targeted clinic attendance, contraceptive use, oral health, physical activity and weight management, sun protection, human
papillomavirus (HPV) vaccination, smoking cessation, and sexual health. M ost studieswere performed in the United States (47%,
9/19), included younger adolescents (63%, 12/19), and had sample size <100 (63%, 12/19). Although most studieswere randomized
controlled trials (RCTs; 58%, 11/19), only 5 followed an intent-to-treat analysis. Only 6 of 19 studies (32%) incorporated a
theoretical framework in their design. Most studies reported good feasibility with high acceptability and satisfaction. About half
of the included studies (42%, 8/19) demonstrated significant improvement in preventive behavior with moderate standardized
mean differences. As early efforts in this field to establish feasibility and initial efficacy, most studies were low to moderate in
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quality. Studies varied in sample size and methods of preventive behavior adherence or outcome assessment, which prohibited
performing a meta-analysis.

Conclusions: Despite the promising feasibility and acceptability of text messaging and mobile phone apps in improving
preventive behavior among adolescents, overall findings were modest in terms of efficacy. Further research eval uating the efficacy,
effectiveness, and cost-effectiveness of these intervention approaches in promoting preventive behavior among adolescents is

needed.

(JMIR Mhealth Uhealth 2017;5(4):€50) doi:10.2196/mhealth.6837
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adol escent; text messaging; smartphone; mobile phone; maobile applications; medication adherence; behavior; prevention

Introduction

The burden of morbidity and mortality in adolescentsworldwide
is increasing [1-3], and the prevention of communicable and
noncommunicable diseases, particularly those related to
modifiable behavior, has been emphasized as a key component
of adolescent health [4]. Many problem behaviorsin adolescents,
such astobacco, acohol, and other drug use; risky driving; and
unsafe sex are preventable to a large extent [4], and their
associated negative outcomes could be mitigated with preventive
interventions. For adolescents, adherence to preventive measures
represents a challenge in that the immediate and short-term
benefitsare often hard to comprehend and the long-term benefits
may not be fully appreciated.

Several systematic reviews and meta-analyses have found
positive effects of interventions to reduce risk behavior among
adolescents and young adults, including tobacco use [5-7],
alcohol misuse [8-11], drug use [12,13], risky driving [8], and
unsafe sex [14]; as well as interventions to promote health
behaviors, such as use of contraception to prevent pregnancy
[15-17], human papilloma virus (HPV) vaccination [18], oral
hedlth and hygiene[19,20], and nutrition and exercise promotion
[21-23]. The widespread use of electronic communication
technologies by young people, particularly the use of mobile
phones and other mobile devices [24-26], presents new
opportunities to intervene on risk and preventive behavior. To
our knowledge, no recent systematic reviews have been
conducted on the effects of texting (short message service, SMS)
and mobile phone apps—the most widely used technologies by
young people—to improve prevent risk behavior and promote
adherence to preventive health behavior in adolescents. The
objective of this review was to systematically evaluate the
evidence for the efficacy of texting and mobile phone app
interventions in improving adherence to preventive behavior
among adol escents and describe intervention approaches used
in the included studies that would inform future intervention
development.

Methods

Study Design

The protocol for thisreview was registered with the international
prospective register of systematic reviews (PROSPERO;
CRD42015025907) [27] and covered literature published
between 1995 and 2015 with no language limits. The search
strategy looked for all articles on texting, phones, mobile phone

http://mhealth.jmir.org/2017/4/e50/

apps, and portable software combined with adherence or
compliance, and search terms related to child, pediatric,
adolescents, and youth. We intentionally used the Boolean
search term “OR” instead of “AND” to capture the most
comprehensive set of articles possible to which we applied our
eigibility criteria. Wefollowed the guidelinesfor the preferred
reporting items for systematic reviews and meta-analyses
(PRISMA) in the reporting of evidence across the studies
reviewed herein [28]. In brief, a medical librarian conducted
the literature search in the following sources:. MEDLINE,
Embase, CENTRAL, CINAHL, PsycINFO, Web of Science,
Center for Review and Dissemination, INSPEC, Proquest
Dissertations, Scopus, Clinical Trials.gov, WHO Clinical Trials,
Controlled-Trials.org, IEEE Explore, and Google Scholar
(Multimedia Appendix 1). An additional hand search of related
themes in the Journal of Medical Internet Research was also
conducted. Two independent reviewers (SB and LK) assessed
abstracts and articles against eligibility criteria and critically
appraised the methodological quality using established criteria
from the Oxford Centre for Evidence-based Medicine [29].
Disagreementswere resolved by discussion or consultation with
acolleague, if needed.

Eligibility Criteria

Eligible studies were original research articles that included
randomized controlled trials, quasi-experimental studies, or
pilot pre-post studies of texting or mobile phone-based apps
designed to improve adherence to preventive or prophylactic
behavior in adolescents aged 12-24 years [30]. Adherence was
defined as “the extent to which a person’s behavior coincides
with medical or health advice” [31,32]. Therefore, the term
“adherence” included both prescribed medications and scheduled
clinic appointments [31-33]. To be included in this review, the
studies had to report at least one primary or secondary outcome
related to adherence to preventive behavior. Studiesfocused on
parents rather than on adolescents, disease monitoring without
intervention, or use of other forms of technology (ie, other than
mobile phone apps or texting) were excluded.

Data Synthesis

We used a standardized form for data extraction. Dataitemsin
the extraction form included the following: first author’s name;
publication year; country; aim of the study; participants’ age
and sex; study design and setting; sample size; selection criteria;
duration of intervention and follow-up; retention rate;
components of study intervention (texting or mobile phone
apps) and comparator (if applicable); adherence measures and
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outcomes; other related outcome; and theoretical framework.
Data were analyzed and summarized qualitatively and
quantitatively. Standardized mean differences (SMD) with 95%
Clswere cal culated—using means and standard deviations, pre-
and postvalues, or frequencies of outcomes—to evaluate the
efficacy of texting or mobile phone-based apps in improving
adherence to preventive behavior and related outcomes [34].
Data were analyzed using StataCorp (2013, StataCorp LP).

Results

Literature Search

Theliterature search identified 1454 references (Figure 1), and
161 full articles were retrieved. Nineteen articles met all

Badawy & Kuhns

inclusion criteria [35-53]. Most (n=15) included texting
interventions[35-41,43-45,47-49,52,53], and only 4 studies had
mobile phone-based app interventions [42,46,50,51]. The
primary aim of the interventions was to improve adherence to
clinic attendance (primary care, gynecology, mental health)
[35,36], contraception use [37-39], oral health and hygiene in
orthodontic patients [46,47], physical activity and weight
management [48-51], sun-protective measures [52], and HPV
vaccination [53]; or to reduce risky behavior, including unsafe
sex [40-42], smoking [45], and a cohol misuse [43,44].

Figurel. Flow of studiesthrough the review according to the preferred reporting itemsfor systematic reviews and meta-analyses (PRISMA) guidelines.

Isve PRISMA 2009 Flow Diagram
o
5
= Records identified through Additional records identified
5.‘5' database searching (n=1137) through other sources (n=286)
=
)
: I I
— Records after duplicates removed
(n=1118)
= Articles identified by >
= hand search
N
g (n=31)
»n Records screened N Records excluded
(n=1149) d (n=988)
—/
A Full-text articles excluded (n=142), as
Full-text articles they did not meet inclusion criteria for
z assessed for eligibility the following:
13 (n=161) * Age <12 or>24 years (n=32)
w® * Other study design (n=27)
w * No adherence outcomes (n=25)
* Chronic health conditions (n=15)
* No intervention (n=16)
—
* Population not adolescents (n=13)
== \ * Other technology (n=14): web-based
interventions, personal digital
Studies included in assistants, email reminders, and
E qualitative and phone call reminders
3 quantitative synthesis
= (n=19)
—J

From: Moher D, Liberati A, Tetzlaff J, Altman DG, The PRISMA Group (2009). Preferred Reporting /tems for Systematic Reviews and Meta-
Analyses: The PRISMA Statement. PLoS Med 6(6): €1000097. doi:10.1371/journal.pmed 1000097

For more information, visit www.prisma-statement.org.

http://mhealth.jmir.org/2017/4/e50/

RenderX

IMIR Mhealth Uhealth 2017 | vol. 5| iss. 4 | €50 | p.66
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Description of Included Studies

Table 1 summarizes study characteristics (also see Multimedia
Appendix 2). Nine were conducted in the United States
[36-41,47,50,53], 3in Switzerland [35,44,45], 2 in Hong Kong
[48,49], and 1 each in Colombia [42], Wales [43], Italy[46],
New Zeadland [51], and Germany [52]. Most (n=9) were
conducted in aclinic setting [35-39,46,47,53], 3in auniversity
[41-43], 2 invocational schools[44,45], 1in secondary schools
[48], 1 in an emergency department [40], 1 in a clinic and
summer camp [52], 1 in both a clinic and Web-based
environment [50], and 1 at participants’ home[51]. Most (n=12)
enrolled younger adolescents (age =12 and < 18 years)
[35,36,41,45-53], 6 enrolled older adolescents (age =18 and
<24 years) [37,38,40,42-44], and 1 reported only an age range
of 13-21 years[39]. Fourteen studiesindicated regular or mobile
phone ownership or access as 1 of the eligibility criteria
[35-40,42,44-48,51,52], 2 included patients with mobile phones

http://mhealth.jmir.org/2017/4/e50/

RenderX
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[41,50], and 3 were not explicitly stated or reported [43,49,53].
Sample size ranged from 26 to 999, with a median of 78 and a
mean of 232 participants per study; 12 enrolled < 100
[36,38,40,41,43,46-52], and 7 had =100 participants
[35,37,39,42,44,52,53]. Participants race or ethnicity varied:
majority were white in 5 [38,44,45,50,51], black in 3 [39-41],
Asian in 2 [48,49], Latino in 1 [42], black and Latino in 2
[36,37], and not reported in 6 studies[35,43,46,47,52,53]. Only
6 studies incorporated or were informed by a clear theoretical
framework for their intervention effects, including
Transtheoretical Model [37], Geser's Sociological Framework
[39], Health Belief Model and | nformation Motivation Behavior
Model [40], Health Action Process Approach [45], Stages of
Motivational Readiness for Change Model [48], Addiction
Treatment Model [50], or utilized specific effective
self-regulatory behavior change techniqueswithout an identified
theoretical model [51].
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Table 1. Summary of included studies focused on improving adherence to preventive measures in adolescents.

Badawy & Kuhns

Source (coun- Aimof interven- Study design (set-  Ageinyears, (sex)  Group (n) Tech Follow- Retentionrate Grade
try) tion ting) up
Narringeta  Improveatten-  RCT (randomized  |ntervention® 17.7  Intervention  Textmes- 6 Intervention:  Moderate
[35] (Switzer- danceinclinic cont.rolled tri.al), in- (2.8) (75.9% Fe- (469) sages months 462 (98.5%)
land) vestigator-blinded /) Control (530) Control: 529
(multidisciplinary (99.8%)
youthdlinic: primary - Control® 17.7 (3)
care, gynecological  (75.4% Female)
and mental)
Branson et Improveatten-  Quasi-experimental | ytervention® 15.4  Intervention  Textmes- 3 Intervention:  Moderate
al[36] (United danceinmental  pilot study (large (1.3) (58% Femae) (24 sages months 24 (100%)
States) health clinic hospital mental a Control (24) Historical
health clinic) Control“: 14.8 (1.5) d
(42% Female) Control: N/A
Castanoeta  Improvecontinua RCT, investigator-  |ptervention® 20,8 |ntervention  Textmes- 6 Intervention:  Moderate
[37] (United  tion of OCPs blinded (urban fami- (2.5) (480) sages months 346 (72.1%)
States) (oral contracep- |y planning health .
tive pills) center) Control® 20.4 (2.7) Control (482) (%‘;”;22') 37
All females
Houet d[38] Increaseadher-  RCT, investigator-  |ptervention®: 22 Intervention  Textmes- 3 Intervention:  Moderate
(United enceto OCPs blinded (Planned (18-31) (41) sages months 36 (88%)
States) Parenthood League .
clinic) Control?; 22 (18-30) Control (41) E:g%r;;or)o - 37
All females
Trent et al Improving Depo- RCT, nonblinded Intervention?: 13-21 Intervention  Textmes- 12 Intervention:  High
[39] (United  Proveraappoint- (large urban academ- b (50) sages months 33 (66%)
States) ment attendance  ic General Pediatric  Control™ 13-21 Control (50) Control: 36
and Adolescent All females (72%)
Medicine Practice)
Suffolettoetal Reducesexrisk  RCT, nonblinded Intervention® 22 (2) Intervention  Textmes- 3 Intervention:  Low
[40] (United  behavior among  (urbantertiary hospi- (23) sages months 15 (65%)
States) ariskyoung  td emergency depart- Control® 21(2) oy (9) Control: 21
adult F9 dis- ment) All females (72%)
charged from
emergency depart-
ment
Corneliuseta Improve HIV Pre-post single-arm | ytervention® 15.4  Intervention  Textmes- 3 Intervention:  Low
[41] (United  knowledgeand  pilot study (universi- (1.7) (52.5% Fe- (40) sages months 36 (90%)
States) atitudestoward  ty) male)
condoms among
African Ameri-
can adolescents
Lopez et a Provide sexual Pre-post single-arm | ytervention® 21 Intervention ~ App 6 Intervention:  Very low
[42] (Colom-  education and pilot study (universi- (36 (53% Femae) (127) months 58 (45.7%)
bia) improve knowl-  ty)
edge about the
sexual risk fac-
tors
Moore et a Reducefuturea- RCT, nonblinded Student® 22 (3.7) Intervention  Textmes 2 Intervention:  Low
[43] (Wales)  cohol consump-  (university) (40): Student  sages months  Student 20
tion based on da- Nonstudent® 385 (21); nonstu- (95%); nonstu-
taof past acohol (14.3) dent (19) dent 18 (95%)
expenditure Overall (33% Fe- Control (38): Control: Stu-
male) Student (16); dent 14
nonstudent (88%); nonstu-
(22) dent 22
(100%0)
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Source (coun-  Aimof interven-  Study design (set-  Ageinyears, (sex)  Group (n) Tech Follow- Retentionrate Grade
try) tion ting) up
Haug et a Reduceacohol  Pre-post single-arm  Intervention“partici- Intervention  Textmes- 3 Intervention:  Moderate
[44] (Switzer- binge or problem pilot study (vocation- pants’® 18.0 (2.4) (364) sages months 280 (76.9%)
land) drinking a school) (24.5% Female) Control (113) Control: 87
Control “nonpartici- (77.0%)
pants’® 17.8 (1.7)
(19.5% Female)
Haug et al Increasesmoking  Two-arm cluster Intervention® 182  Intervention  Textmes- 6 Intervention: ~ High
[45] (Switzer- cessationandre- RCT, assessor- (2.4) (48.7% Fe- 372 sages months 287 (77.2%)
land) duceci garettes blinded (vocational 4 e) Control (383) Control: 272
consumption school) (71.0%)
Control% 18.3 (2.2) '
(55.1% Female)
Zotti etal [46] Improveoral hy- RCT, assessor- Intervention® 14.1  App (40) App 12 Intervention:  Low
(Italy) giene adherence  blinded (orthodontic (58% Female) Control (40) months 40 (100%)
and oral health  clinicin auniversity a Control: 40
hospital) Control®: 13.6 (58% (100%)
Female)
Bowenetad  Improveadher-  RCT, patient-blind- | ytervention® 155  INtervention  Textmes- 3 Intervention:  Low
[47] (United  encetoora hy-  ed(orthodontic clin- (60% Female) (25) sages months 19 (76%)
States) gieneand reduce icinauniversity Control (25 Control: 21
plague formation  hospital) Control® 14.6 (56% (29) (84%)
Female)
Laueta [48] Promotephysical Quasi-experimental |nytervention® 12,3 |ntervention  Textmes- 2 Intervention:  Low
(Hong Kong)  activity in school  (secondary schools) (0.9) (68% Female) (38) sages months 38 (100%)
age children .
Control® 13.3 (1.1) Control (40) 8%’3;2’)' 40
(63% Female)
Abrahameta Improveweight RCT,investigator-  Intervention “Inter- Intervention  Textmes- 6 Intervention  Low
[49] (Hong management blinded (pediatric net”®: 14.9, 13.7- “Internet” (16) sages months  “Internet”: 16
Kong) obesity clinicof a 162 (44% Female)  Intervention (100%)
:ert' ary care hospi- Intervention “sLMP’ (16) Intervention
) “SLMP"b: 14.1, Control (16) “]S-I(;O,\g/p: 16
13.5-15.3 (38% Fe- (100%)
male) Control: 16
b (100%0)
Cnotrol™: 14.3,13.5-
16 (38% Female)
Pretloweta  Improveweight Pre-postsingleam |ntervention® 16 Intervention ~ App 5 Intervention:  Moderate
[50] (United  management pilot study (universi- (0.43) (43) months 27 (63%)
States) ty hospital clinicand
on the Internet) (65% Femde)
Direito et a Improvefitness  Three-arm, parallel, Intervention“immer- Intervention  App 2 Intervention  Moderate
[51] (New ininsufficiently  RCT, nonblinded sive’® 15,78 (1.11) “immersive’ months  “immersive’:
Zedland) active healthy (participants home) (53% Female) a7 17 (100%)
young people Intervention“nonim- ! Ntervention Intervention
' N Control (18) (94%)
Control; 15.55 Control: 17/18
(1.32) (56% Female) (94%)
Sachse et a Improvesun-pro-  Pre-post single-arm | ytervention® 161 |Ntervention  Textmes- 2 Intervention:  Very low
[52] (Ger- tection knowl- pilot study (summer y, 13-22 (27% Fe- (26) sages months 19 (73%)
many) edge and behav-  cap/clinic) male)
ior
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Source (coun-  Aimof interven-  Study design (set-  Ageinyears, (sex)  Group (n) Tech Follow- Retentionrate Grade
try) tion ting) up
Mathesoneta Increase HPV Pilot Qudity Im- Intervention® 12 Intervention ~ Textmes- 8 Intervention:  Low
[53] (United  (human papillo-  provement project (629% Female) 37) sages months  datanot report-
States) mavirus) vaccina  (urban pediatric c ed

tion seriescom-  clinic) Interested®®: 14 Interested

pletion rate (64% Female) 3

Control®: 14 (429 Control® (232)

Female)

8Age reported as mean (SD, standard deviation).
bAge reported as median ( range, minimum-maximum).

CInterested group included patients or parents enrolled in the project during their clinic visit who did not complete their opt-in process to receive text
message reminders after leaving clinic; historical control included all patients who initiated HPV vaccination series during study period, but were either

not offered or declined to participate in the project.
IN/A: not applicable.

Studies M ethodological Quality

Most (n=11) were RCTs[35,37-40,43.45-47,49,51], 6 pre-post
pilot design [41,42,44,50,52,53], and 2 quasi-experimental
studies [36,48]. Of the RCTs, 7 were
single-blinded—investigator (n=4), assessor (n=2), and patient
(n=1) [35,37,38,45-47,49]; 4 nonblinded [39,40,43,51]; and
none double-blinded. Overall, the quality of theincluded studies
was low to moderate (Table 1). Details of alocation
conceal ment and study blinding were inadequately reported for
most studies. About haf of the RCTs (n=5) used
intention-to-treat analysis [35,37,38,45,51]. AlImost al (n=18)
reported retention rates, which differed across studies from
<80% in 8 [37,38,40,42,44,45,50,52], =80 to <100% in 6
[35,38,41,43,47,51], 100%in 4 [ 36,46,48,49], and not reported
in 1 study [53]. The duration of the interventions ranged from
2 to 12 months as follows. 2-3 months (n=11)
[36-38,40,41,43,44,47,4851,52], 58 months (n=6)
[35,42,45,49,50,53], and 12 months (n=2) [39,46]. Only 2
studies extended follow-up for 2 [37] and 3 months [45] after
the completion of active intervention.

Description of Texting Interventions

Most (n=10) included texting as the only intervention
[35-40,43,45,47,53], whereas 5 included additional components
[41,44,48,49,52]: in-person training sessions in 2 [41,52],
Web-based program in 2 [44,48], Internet-based curriculum in
1 [49], and a facilitator or a coach in 1 study [41]. Texting
interventions varied in frequency, message content, and
directionality of messages (also see Multimedia Appendix 3).
Text reminders for frequent behaviors were sent once daily in
7[37,38,41,43,45,48,52], and once or twiceweekly in 5 studies
[40,44,45,47,49]. Appointment reminderswere sent at differing
frequencies, including 1 day in 2 [35,36] or daily for 3 days
before in 1 [39], or 7 days before, after and on the scheduled
date in 1 study [53]. Text reminders were customized to the
patient’s personal preferences in terms of scheduling (ie, day
or time) in 5 studies [36-39.53], content in 8
[40,41,43-45,48,49,52], or both in 1 study [35]. Text-reminder
directionality was 1-way in 7 [36-38,47,48,52,53] and 2-way
in 8 [35,39-41,43-45,49], with emotion icon (emoji) response
in 1 [49] and according to a sophisticated tailored algorithmin
3 studies[40,44,45]. All text reminders were sent to adolescents
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or young adults, not their parents. Text messages were also a
tool for education in 7 [37,39,41,47,48,52], positive
reinforcement or personalized feedback in 5 [40,44,45,48,49],
goal setting in 3 [40,48,49], and addressing barriersin 1 study
[48]. Most (n=9) provided incentives or a reward system for
patient engagement [36,37,39-41,43-45,48]. One included a
virtual friend “Jackie” who was part of all messages to build
rapport with participants and provide more social support [48],
and noneincluded an explicit motivational approach or targeted
social support network.

Description of Mobile Phone App Interventions

In terms of the mobile phone platforms (also see Multimedia
Appendix 4), 2 used existing commonly used mobile phone app
platforms, “WhatsApp” [46] and “Zombies, Run! 5K Training
app” or “Get Running-Couch to 5k app” [51], whereas 2
included apps devel oped specifically for the study [42,50]. Zotti
et al [46] created an anonymous study group “Brush Game” on
the app where patients shared 2 photographs of themselves
weekly (“selfies’), participated in chat room conversations,
shared materials related to oral hygiene, and viewed a weekly
ranking of the top 5 participants based on chat room
participation and oral hygiene outcomes. In contrast, Direito et
al had participants randomized to either an immersive app
“Zombies, Run! 5K Training” with a game-themed design
embedded with astory where participantsweretrained to collect
supplies and protect atown from zombies, or a nonimmersive
app “Get Running-Couch to 5k” [51]. Both apps consisted of
afully automated 8-week training designed to improve fitness
and ability to run 5 km, provided information on running and
audio instructions on how to perform the training components,
and tracked and displayed participant’s progress throughout the
program; and included the ability to work out with music on
the device's library and links to associated websites to interact
with other users[51]. Participants were encouraged to use their
app 3 times per week and work their way through each of the
workouts, but no cointerventions (ie, emails, phone calls, text
message) or prompts to use the app were utilized [51]. On the
contrary, Lopez et a developed a native app “DoctorChat” as
anintervention that allowed participantsto submit questionson
different sexual and reproductive health issues through their
mobile phones, and to receive personalized, accurate, and
informative responses from health care professiona sand experts
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in the field [42]. Moreover, Pretlow et a [50] utilized a
multifunction app for weight management, in addition to group
meetings and personalized coaching. The app included different
capabilities such as progress reports, peer support, coping skills
and self-management toolbox, fun activity ideasfor distraction,
and mentor communication [50].

Intervention Effects on Adherenceto Preventive
Behavior and Other Outcomes

Most (n=12) reported clinical effects related to adherence to
preventive behavior [40-51], 9 measured actual adherence to
preventive behaviors [35-40.46,50,53], and 5 described other
outcomes as well, including knowledge gain in 3 [41,42,52],
motivational readinessin 1[48], and changein self-management
skillsin 1 study [50] (also see Multimedia Appendices 5 and
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6). Adherence to preventive behavior was evaluated by clinic
attendance in 4 [35,36,39,53], self-report of adherence in 3
[37,40,50], self-report and electronic device to monitor
adherence in 1 [38], and electronic direct observation of
adherence behavior (self-photographs or selfies) in 1 study [46].
All the included studies provided enough information to
calculate standardized outcomes (ie, effect sizes d or SMDs),
except 1[42]. At theend of the active intervention period, about
half (n=8) of the studies reported significant improvement in
adherence to preventive behavior and other related outcomes
with moderate SMDs|[36,37,44-47,52,53]. Table 2 summarizes
SMDsfor al included studies. Several studiesreported findings
for efficacy as well as usability and feasibility. Most (n=11)
reported high levels of satisfaction and acceptability of study
interventions [36-42,48-50,52].
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Table 2. Effect sizesfor the main outcomes of included studies.

Badawy & Kuhns

Source Study outcomes Effect size, d

(intervention) (95% CI)2

Narring et a [35] (Texting) Attendance to al clinics 0.15(-0.0310 0.33)
Attendance to primary care clinic 0.06 (-0.16t0 0.27)
Attendance to gynecological clinic 0.32 (-0.10t0 0.74)
Attendance to mental health clinic 0.32 (-0.21t0 0.85)
Attendance to mental health clinic 0.32 (-0.21t0 0.85)

Branson et al [36] (Texting)

Castano et al [37] (Texting)

Attendance to mental health clinic

Continued use of OCPS at follow-up: overal
Continued use of OCPs at <187 days

0.67 (0.09-1.25)"
0.23 (0.06-0.40)"

0.52 (0.19-0.86)"

Continued use of OCPs at 2188 days 0.13 (-0.07t0 0.33)
Hou et a [38] (Texting) Decreased OCP doses miss rate: al participants 0.09 (-0.34t0 0.53)
Decreased OCP doses missrate: 3 cycles complete 0.13 (-0.30t0 0.57)
Trent et al [39] (Texting) Depo-Provera on-time visit attendance: cycle 1 0.29 (-0.19t0 0.77)
Depo-Provera on-time visit attendance: cycle 2 0.77 (-0.35t0 0.69)
Depo-Provera on-time visit attendance: cycle 3 0.01 (-0.57 t0 0.60)
Suffoletto et al [40] (Texting) Condom use with last sexual intercourse 0.32 (-0.29t0 0.93)
Always condom use in last 28 days 0.29 (-0.38t0 0.95)
Drug or acohol use before last sex 0.23 (-0.53t0 0.99)
Any unprotected sex with concurrent alcohol usein last 28 days 0.58 (-0.41to0 1.57)
Cornelius et al [41] (Texting) HIV knowledge 0.42 (-0.03 t0 0.86)
Attitudes toward condoms 0.08 (-0.36t0 0.52)
Reduction in risky behavior: intercourse 0.17 (-0.27 to 0.60)
Reduction in risky behavior: illegal drugs 0.41 (-0.03t0 0.86)
Moore et al [43] (Texting) Decrease a cohold use in students 0.00 (-0.65 to 0.65)
Decrease a cohol use in nonstudents 0.13 (-0.48t0 0.75)

Haug et a [44] (Texting)

Reduction in RSODC in persons with =1 occasion in the last month

0.22 (0.01- 0.42)"

Reduction in RSOD in persons with >2 occasionsin the last month 0.16 (-0.02 t0 0.35)
Reduction in number of standard drinksin atypical week 0.14 (-0.02t0 0.31)
Reduction in the maximum number of drinks on an RSOD occasion 0.08 (-0.09t0 0.24)
Reduction in having one or more alcohol-related problems 0.24 (-0.01t0 0.48)
Haug et a [45] (Texting) 7-day smoking abstinence at 6 months: total sample 0.16 (-0.13t0 0.46)
7-day smoking abstinence at 6 months: occasional smokers 0.25(-0.21t00.71)
7-day smoking abstinence at 6 months: daily smokers 0.15 (-0.28t0 0.59)
4-week smoking abstinence at 6 months: total sample 0.08 (-0.31t00.47)
4-week smoking abstinence at 6 months: occasional smokers 0.38 (-0.27 t0 1.03)
4-week smoking abstinence at 6 months: daily smokers 0.39 (-0.21t0 0.98)

Reduction in cigarette consumption at 6 months: total sample
Reduction in cigarette consumption at 6 months: occasional smokers
Reduction in cigarette consumption at 6 months: daily smokers

Smoking quit attempts at 6 months: total sample

0.33(0.16-0.50)"
0.36 (0.02-0.71)"

0.20 (0.01-0.39)"
0.17 (-0.02-0.36)
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Source
(intervention)

Study outcomes

Effect size, d
(95% CI)?

Smoking quit attempts at 6 months: occasional smokers

Smoking quit attempts at 6 months: daily smokers

Zotti et d [46] (App)? Gingival index at 6 months
Gingival index at 9 months
Gingival index at 12 months
Plague index at 6 months
Plague index at 9 months
Plague index at 12 months
Visible white spots at 9 months
Visible white spots at 12 months

Bowen et al [47] (Texting)

Plague coverage reduction at 12 weeks

Lau et al [48] (Texting)
Abraham et a [49] (Texting)

Self-report of physical activity

Pretlow et al [50] (App)®

Reduction in percent over-BMI in females

Direito et a [51] (App)

Time to complete 1-mile walk or run using a nonimmersive app

Sachse et a [52] (Texting)

Naming =3 of ABCDE (ie, asymmetry, border, color, diameter, and evolution)

mnemonic for skin self-exam

Knowing that it takes hours to recognize sunburns

Matheson et a [53] (Texting) HPVY vaccine dose 2
HPV vaccine dose 2 on-time
HPV vaccine dose 3

HPV vaccine dose 3 on-time

Plague coverage reduction at 4 weeks

Reduction in BMI (body massindex )

Reduction in percent over-BMI in males

Time to complete 1-mile walk or run using an immersive app

Understanding of the meaning of UV-index

1.09 (0.65-1.52)"
0.06 (—0.16 t0 0.29)

0.56 (0.12-1.01)"
1.04 (0.57-1.51)
1.43 (0.94-1.92)"
0.73(0.28-1.18)"
1.50 (1.00-2.00)"
1.40 (0.91-1.89)"
0.67 (0.04-1.30)"
0.63 (0.06-1.20)"
1.62 (0.98-2.26)"

2.40 (1.67-3.12)"

0.31(-0.1410 0.76)
0.09 (-0.61t00.78)
0.17 (-0.55t0 0.88)

0.08 (0.4 t0 0.61)
~0.238 (-0.9t0 0.43)
~0.14 (-0.81 t0 0.54)

1.49 (0.61-2.37)"

1.40 (0.19-2.61)"

0.51 (-0.24t0 1.26)
1.10 (0.67-1.52)"
0.46 (0.06-0.86)"
0.70 (0.14-1.27)"

0.91 (0.24-1.58)"

3positive effect size value meansimprovement in a study outcome, while a negative one means worsening outcome.

bocPs: oral contraceptive pills.
®RSOD: risky single-occasion drinking.

i ngival index score (0-3): 0 being normal gingivaand 3 having severe inflammation and edema, with spontaneous bleeding; plague index score (0-3):
0 being best with no plaques and 3 having plaque covering more than half of the surface; white spots score: (0-3): 0 being no visible white spots and 3

having visible white spots requiring restoration.

€Percent over-BMI was calculated as [(BMI — BMI at 50th percentile for age and sex) / BMI at 50th percentile] x 100.

fuv: ultraviolet.
9HPV: human papillomavirus.
NStatistically significant P<.05.

Effects on Clinic Attendance

Narring et a found no significant differences in
multidisciplinary clinic attendance as a result of text message
remindersin comparison to control at 6-month follow-up across
all clinics (d=0.15; 95% CI —0.03 to 0.33) or by clinic type;
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primary care (d=0.06; 95% CI —-0.16 to 0.27), gynecology
(d=0.32; 95% CI —0.10t0 0.74), or mental health clinics (d=0.32;
95% CI —0.21 to 0.85) [35]. In contrast, Branson et al reported
a significant improvement in their menta health clinic
attendance ratein thetexting intervention group compared with
controlsat 3-month follow-up (d=0.67; 95% CI 0.09-1.25) [36].
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Effects on Contraception

Castano et a found significantly higher ora contraceptive pill
(OCP) continuation rates at 6 months (ie, having taken apill in
last 7 days) in texting intervention arm compared with controls
(d=0.23; 95% CI 0.06-0.40) [37]. The observed effect of the
intervention dissipated over time with the difference in OCP
continuation rates significant at 187 days or less (d=0.52; 95%
Cl 0.19-0.86), but not at 188 days or more (d=0.13; 95% CI
—0.07t00.33) [37]. Incontrast, Hou et a reported no significant
differencesin averagerates of missed OCPsintext intervention
group compared with controls, overall (d=0.09; 95% CI —0.34
to 0.53) and in those who completed 3 cycles or 3-month
follow-up (d=0.13; 95% Cl -0.30t0 0.57) [38]. Similarly, Trent
et al found that on-time Depo-Provera (injectable contraceptive)
completion rate was not significantly different between text
intervention and control groups over 12-month study period in
those who completed cycle 1 (d=0.29; 95% CI —0.19 t0 0.77),
cycle 2 (d=0.77; 95% CI —0.35 to 0.69), or cycle 3 (d=0.01;
95% Cl —0.57 to 0.60) [39].

Effects on Risky Behavior

Testing a texting intervention using a sequence of messages to
assess and then intervene on risk behavior, Suffoletto et a
reported no significant differences between intervention and
control groupsfor condom use at last sexual intercourse (d=0.32;
95% CI —0.29 to 0.93) or proportion of “aways condom use’
over the past 28 days (d=0.29; 95% CI —0.3810 0.95) at 3-month
follow-up [40]. Additionally, there was no significant difference
in observed drug or acohol use before last sex (d=0.23; 95%
Cl —-0.53 to 0.99) and any unprotected sex with concurrent
alcohol useinlast 28 days (d=0.58; 95% CI —0.41to 1.57) [4Q].
Corndliuset a, intheir evaluation of texting intervention among
African American adolescents at 3-month follow-up, failed to
show a significant improvement in human immunodeficiency
virus (HIV) knowledge (d=0.42; 95% CI —0.03 to 0.86), attitudes
toward condoms (d=0.08; 95% CI —0.36 to 0.52), and risky
behavior related to sexual intercourse (d=0.17; 95% Cl —-0.27
t00.60) or illegal drug use (d=0.41; 95% Cl —0.03t0 0.86) [41].
In contrast, Lopez at al developed and evaluated a dedicated
mobile phone app “DoctorChat” as a tool to provide sexual
education [42]. At 6-month follow-up, the authors reported
some improvement in participants’ knowledge about the sexual
risk factors among young adults, but no significant differences
in preventive behavior [42].

In an intervention using a single text message summarizing
alcohol-related expenses by the participants over the prior
month, Moore et a reported no significant reduction in average
units of alcohol consumed at follow-up between intervention
and control groups among students (d=0; 95% CI —0.65t0 0.65)
and nonstudents participants (d=0.13; 95% CI —0.48 to 0.75)
[43]. In contrast, Haug et al utilized a combined intervention
of automatically generated individually Web-based feedback
and text messagestailored for participants' age, sex, and alcohol
drinking behavior [44]. At 3-month follow-up, the authorswere
able to show a significant reduction in the number of risky
single-occasion drinking episodes in persons with at least one
occasion in the last month (d=0.22; 95% CI 0.01-0.42), but not
the number of drinks or alcohol-related problems [44].
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In another study, Haug et a evaluated the efficacy of a 2-way
text message—based intervention on smoking cessation tailored
based on individual smoking behavior and attitudes toward
smoking cessation [45]. The authors showed a significant
reduction in cigarette consumption (ie, the number of cigarettes
smoked) at 6-month follow-up in all participants (d=0.33; 95%
Cl 0.16-0.50), occasional smokers (d=0.36, 95% CI 0.02-0.71),
and daily smokers (d=0.20; 95% CI 0.01-0.39), as well as a
significant increase in the number of smoking quit attemptsin
occasional smokers only (d=1.09; 95% CI 0.65-1.52) [45].
However, there was no significant improvement in either 7-day
or 4-week smoking abstinence among study participants [45].

Effects on Oral Health

Zotti et al utilized an existing commonly used mobile phone
app platform (WhatsA pp) and showed asignificant improvement
in participants’ oral hygiene with lower average gingival index
scores in the intervention group compared with controls at 6
months (d=0.56; 95% CI 0.12-1.01), 9 months (d=1.04; 95%
Cl 0.57-1.51), and 12 months (d=1.43; 95% CI 0.94-1.92) [46].
Intervention participants also had significantly lower plague
index scores at 6 months (d=0.73; 95% CI 0.28-1.18), 9 months
(d=1.50; 95% CI 1.00-2.00), and 12 months (d=1.40; 95% ClI
0.91-1.89) compared with controls[46]. | n addition, the number
of visible white spots was |ower in the intervention group at 9
months (d=0.67; 95% CI 0.04-1.30) and 12 months (d=0.63;
95% CI 0.06-1.20) compared with controls [46]. However, the
frequency of new carieswas not significantly different between
study groups [46]. Testing aless intensive texting intervention,
Bowen et a reported significantly lower average plague
coverage score in the text intervention group compared with
controls at 4-week (d=1.62; 95% CI 0.98-2.26); and 12-week
follow-up (d=2.40; 95% Cl 1.67-3.12) [47].

Effects on Weight Management and Physical Activity

Using a texting reminder approach, Lau et a reported a
nonsignificant increase in the average self-report of physical
activity scoresin theintervention group compared with controls
at 2-month follow-up (d=0.31; 95% CI -0.14 to 0.76) [49].
Abraham et al also failed to show any significant changes in
body mass index (BMI) at 6-month follow-up in the 3 study
groups exposed to a combination of Internet-based educational
program and texting intervention versus control s (d=0.09; 95%
Cl -0.61t00.78) [49]. Similarly, testing a multifunction mobile
phone app, Pretlow et al reported anonsignificant improvement
in self-management skills and weight loss (% over-BMI) at
5-month follow-up in the intervention group compared with
controls, in neither males (d=0.17; 95% CI —0.55 to 0.88) nor
females (d=0.08; 95% CI —0.44t0 0.61) [50]. In contrast, Direito
et a, intheir evaluation of the effect of 2 commercially available
fitness apps—immersive app “Zombies, Run!” and
nonimmersive app “ Get Running-Coach” —on cardiopulmonary
fitness among physically inactive adolescents [51] at 2 month
follow up, failed to show a significant difference in the time
needed to complete 1-mile run or walk using an immersive app
(d=0.24; 95% CI —0.43 to 0.9) or nonimmersive app (d=0.14,
95% CI 0.5 to 0.81) compared with the control group.
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Effects on Sun-Protective Measures

Sachse et a used a combined approach of a single educational
session and texting intervention and reported, at 2-month
follow-up, asignificant increase in participants’ understanding
of the meaning of UV-index (d=1.49; 95% Cl 0.61-2.37), and
their ability to name at least three of the ABCDE mnemonic
(ie, asymmetry, border, color, diameter, evolution) for skin
self-exam (d=1.40; 95% Cl 0.19-2.61), but not in knowing that
it takes hours to recognize sunburns (d=0.51; 95% CI —0.24 to
1.26) compared with their baseline [52].

Effects on Vaccination

Using atexting approach, Matheson et a reported significantly
higher HPV vaccination series completion rate in intervention
group compared with controls for HPV second dose (d=1.10;
95% Cl 0.67-1.52), HPV second dose on time (d=0.46; 95% CI
0.06 to 0.86), HPV third dose (d=0.70; 95% CI 0.14-1.27), and
HPV third dose on time (d=0.91; 95% CI 0.24-1.58) [53].
Similar significant beneficial effects were seen in the
intervention group compared with those who were interested
but not enrolled, regarding their completion rates of HPV second
dose (d=0.93; 95% CI 0.40-1.46) and HPV third dose (d=1.24;
95% Cl 0.05-2.42), but not HPV second dose on time (d=0.46;
95% CI -0.09to0 1.01) or HPV third dose ontime (d=1.17; 95%
Cl -0.03 t0 2.36) [53].

Discussion

Principal Findings

Prevention has been emphasized as a key component of
adolescent health with evidence that many problem behaviors
are amendable to intervention [4] Given the increasing use of
communi cation technol ogies and mobile devices among young
people [24], these media present opportunities for behavioral
intervention. However, few studies have attempted to assess
the efficacy of these approaches over different preventive
behaviors. In this systematic review, we assessed the weight of
evidenceto datefor 2 of the most common maobiletechnologies
used by youth, texting and mobile phone apps, to promote
preventive behaviors.

Overdll, the evidence was modest, but limited with a small
number of studies, relatively small sample sizes, and other
methodological considerations, particularly for statistical
analysis. We identified only 19 studies that met our pre-set
criteria, the vast mgjority of which were texting interventions.
These approaches were used to impact 7 types of behavior
(clinic attendance, contraceptive use, risky behavior, oral health,
physical activity and weight management, sun protection, HPV
vaccination). Most interventions were carried out among
younger adolescents and in clinic settings, which indicates the
potential of clinical settings to adopt innovative
technology-based prevention approaches to address different
types of preventive behaviors.

Although texting was used more frequently than mobile phone
apps to promote preventive behavior, there were many
differencesin the timing and content of texting approach. The
majority of interventions used customized messages aimed at
specific behavioral targets (depending on the preventive
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behavior of interest) and schedules. More than a simple
reminder, texting was used to communicate educational
messages, behavioral goals, and reinforce positive behavior.
Many studies demonstrated both feasibility and satisfaction
with these approaches, which suggests potential for further
development.

Overall results for behavior change are modest, with half of
interventions reviewed herein demonstrating evidence of
efficacy. There was some evidence of efficacy for texting to
promote oral contraceptive adherence, speciaty clinic
attendance, and HPV vaccination. Effects were strongest for
oral health and hygiene with both a multifunction app and a
texting approach, resulting in significant effects. There was
limited evidence of efficacy of either a multifunction app or
texting approach on weight management and physical activity;
or for texting approach to change sexual risk behavior in the
context of substance use. The variability in the observed effects
across different behaviors could be dueto the level of difficulty
and effort required. The challenges and the characteristics
associated with certain behaviors would make them easier or
harder to influence or change over time. Moreresearch isneeded
to measure the level of difficulty of behavior change in a
standardized way and to compare effect sizes across behaviors
and intervention approaches.

A recent review of electronic mediato promote health or safety
behavior change in children (aged <18 years) concluded that
there is good evidence of efficacy for these approaches [54].
Most studiesfocused on pre-teen children and utilized computer
games and videos. The differencein findingsin comparison to
our review may be duein part to our focus on adolescents, for
whom behaviors may be more difficult to change; our focus on
newer technologies, which are still relatively nascent mediafor
health behavior change; and on a wide variety of preventive
behaviors, for which thereisheterogeneity in approach. Mobile
phone approaches, including texting in particular, have been
found to be a feasible and potentia efficacious medium for
increasing levels of health education in adolescents [55];
behavioral targets may be more resistant to change.

Strengths

Our systematic review had a number of strengths. First, in our
review, we followed the recommendations for rigorous
systematic reviews methodology [28,29,56-58]. Second, we
conducted a review with a highly sensitive search strategy
guided by a librarian information specialist with no language
restrictionsto minimize publication bias and identify the largest
possible number of relevant studies. Our search also included
published systematic reviews, clinical tria registries, and various
electronic databases. Third, although our search was limited to
studies published since 1995, we identified no eligible studies
before 2005, and therefore we believe that the possibility of
missing earlier studies is very small. Finaly, 2 authors
completed the review process independently at al stages of the
systematic review.

Limitations

Some potential methodological limitations of our systematic
review warrant discussion. First, similar to any other systematic
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literature review, although our search criteria were planned to
be as comprehensive as possible, the possibility of missing few
relevant articles cannot be excluded. Second, to identify the
strongest available evidence, weincluded only articlesthat were
published in peer-reviewed journals, and therefore there could
be a publication bias with the tendency to report positive study
results [59]. Third, the study sample size and ages, and the
definition of adherenceto preventive behaviorsand other related
outcomes varied. These limitations prohibited a meta-analysis
from being performed [60]. Fourth, a number of the included
studies had relatively small sample sizes and short follow-up
period. Finally, the number of the studiesthat met our predefined
criteria was relatively small; however, this is likely the result
of the available evidence and published studies in the field.

Conclusions

In conclusion, despite the promising feasibility and acceptability
data of texting and mobile phone apps in improving preventive

Badawy & Kuhns

behavior among adol escents, the evidence for actual behavior
change is modest, with most studies of relatively low to
moderate quality. However, the field of mobile health research
isan evolving onewith promising resultsthat suggest apotential
impact on improving health outcomes, given the growing
evidence and the ubiquitous access to mobile technology. The
variability in the observed effects across studies could be rel ated
to the nature of different behaviors and the heterogeneity of
intervention approaches. Further research of these intervention
approaches with rigorous research designsis needed to evaluate
their efficacy, effectiveness, and cost-effectivenessin promoting
preventive behavior among adolescents. These research efforts
would be crucia to inform the evidence base on the use of
texting and mobile phone apps as tools for behavior change
among adolescents.
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Abstract

Background: Although the benefits for health of physical activity (PA) are well documented, the majority of the populationis
unable to implement present recommendationsinto daily routine. Mobile health (mHealth) apps could help increase the level of
PA. However, thisis contingent on the interest of potential users.

Objective: The aim of this study was the explorative, nuanced determination of the interest in mHealth apps with respect to PA
among students and staff of a university.

Methods: We conducted a Web-based survey from June to July 2015 in which students and employees from the University of
Potsdam were asked about their activity level, interest in mHealth fitness apps, chronic diseases, and sociodemographic parameters.

Results: A total of 1217 students (67.30%, 819/1217; female; 26.0 years[SD 4.9]) and 485 employees (67.5%, 327/485; female;
42.7 years[SD 11.7]) participated in the survey. The recommendation for PA (3 times per week) was not met by 70.1% (340/485)
of employees and 52.67% (641/1217) of students. Within these groups, 53.2% (341/641 students) and 44.2% (150/340
employees)—independent of age, sex, body mass index (BMI), and level of education or professional qualification—indicated
an interest in mHealth fitness apps.

Conclusions: Even in ayounger, highly educated population, the majority of respondents reported an insufficient level of PA.
About half of them indicated their interest in training support. This suggests that the use of personalized mobile fitness apps may
become increasingly significant for a positive change of lifestyle.

(JMIR Mhealth Uhealth 2017;5(4):€51) doi:10.2196/mhealth.7192

KEYWORDS
physical activity; telemedicine; primary prevention; healthy lifestyle

: other hand, increases the risk of developing cardiovascular,
Introduction metabolic, or malignant diseases and leadsto areductioninlife
There is considerable evidence that physical activity (PA) has ~ &XPectancy [3,4]. According to the World Health Organization
a positive effect on health [1,2]. A sedentary lifestyle, on the (WHO), 150 min per week of moderately intensive endurance

http://mhealth.jmir.org/2017/4/e51/ JMIR Mhedlth Uhealth 2017 | vol. 5| iss. 4| €51 | p.81
(page number not for citation purposes)

RenderX


mailto:heinz.voeller@uni-potsdam.de
http://dx.doi.org/10.2196/mhealth.7192
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

activity is currently recommended as the minimum level for
promoting health in adults, both in primary and in secondary
and tertiary prevention [5]. Although many individuals are
already well aware of the positive effects of PA, alarge part of
the popul ation does not succeed in continuously implementing
the recommendations for increasing PA in their everyday lives

[5-7].

The increasingly available mobile health (mHealth) trackers
such as wearables or mobile phone apps are usually devel oped
with the motivational aspect in mind and offered to awiderange
of potential users. They are an opportunity for improving
self-activation and can help overcome implicit barriers for
engaging in PA. Over 100,000 of these apps are already
available [8]. Many of these apps aim to increase physical
capacity and include features such as heart rate monitor,
pedometer, activity instructions, and activity monitor [9]. In
addition, they often implement behavioral components such as
self-check, feedback mechanisms, or social support features,
which can help optimize starting and continuing PA [10].
Depending on their content, mHealth apps can support the
intention to become physically active or to increase the PA
level. Moreover, the transfer into everyday life as well as the
long-term maintenance of PA may be ensured. Those phases
meet the stages of the transtheoretical model (preparation,
action, maintenance) [11]. Concerning the development of
model-based, effective apps, the needs of potential users must
be considered. However, the basic condition in such apps
remains the interest of the target group.

Meta-analyses and systematic reviewsthat have been conducted
were able to prove the effect of mHealth monitors with respect
to increasing PA, but according to the authors, long-term
randomized controlled trials, especially of larger samples, are
lacking thus far [12-14]. Furthermore, the training
recommendations that are implemented in most of the apps
developed until now are not sufficiently evidence-based
[9,10,13,15,16]. Additionally, the majority of mHealth systems
arenot medical productsthat areclinically evaluated. Therefore,
validity and reliability of these systems cannot be assumed
[17-20].

But, due to the potential benefit of mHealth monitors for
increasing PA, they are particularly significant for stakeholders
in the health care system, especially insurance companies.
However, before noncommercial apps are developed by health
insurers, the acceptance and general interest of potential users
and the special interest inindividual features of the systems (eg,
providing information, documenting measured values,
reminders, and instructions) should be determined.

The am of this study was the explorative, nuanced
determination of the interest in mHealth apps with respect to
PA among students and staff of a university.

Methods

Survey Design and | mplementation

In the period from June to July 2015, an Web-based survey was
conducted among students and staff of the University of
Potsdam. The survey mailing list referred to the students and

http://mhealth.jmir.org/2017/4/e51/
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employee database of the University of Potsdam. Mail addresses
of al students, scientific and administration employees were
included. The cover letter of the survey mail informed potential
participants about the content and aim of the survey, their
voluntary participation, the required time, and contained a
hyperlink that guided participants to the survey. The survey
mail was sent once from the administration department of the
University of Potsdam. The survey instrument was created in
“UP survey,” which is a platform of the University of Potsdam
offering a toolset based on the software Solutions QUAMP
(QUAMP gEducation Software, Sociolutions GmbH Potsdam).

The standardized questionnaireincluded 35 questions (90 items)
about PA, the use of or interest in digita fitness apps,
sociodemographic parameters such as age, gender, body mass
index (BM1), and level of education, and presence of achronic
disease. PA was assessed by questioning patients about their
PA during the last 3 months. The question was specified with
the terms PA, sports, or fitness during leisure time that led at
least to a low increase of respiratory and heart rate. Nordic
walking, ball games, jogging, bicycling, swimming, aerobic,
and badminton were cited as examples. All questions about PA
in the survey were related to this definition.

Chronic disease was assessed by asking participants if they
suffer from a chronic disease or alonger lasting health concern
persisting for more than six months.

The arrangement of the questions was the result of an
optimization process that took the perspective of the surveyed
persons into account along with validity aspects and technical
requirements (filter questions). By using filter questions,
individual questions could be varied depending on the situation
and—for certain subgroups of participants—redundant topics
were avoided. Groups that were more and lessinterested in PA
or digital media were thus addressed specifically. Accordingly,
the questionnairesincluded sections of questionsfor participants
who were more and less interested in PA and who were
additionally differentiated according to the use of or interest in
digital fitness apps.

The study used established terminology that was adapted to the
target groupsin the study or to the topics of this study. Questions
about PA and sociodemographic datawere based largely on the
health survey of the Robert Koch Institute [6]. Questions about
digital activity trackers and health or fitness apps were based
on a study of mobile software apps[15].

Survey Functionality and Analysis

The programmed survey was tested several times to ensure its
functionality and usability. Using IP-Check, duplicates could
be excluded in the analysis. No persona data were collected.
Datawere anonymously transmitted and descriptively analyzed.
The results of the descriptive statistics were presented as
percentages for categorical variables and as mean values
(standard deviation) for metric variables. Group differences
regarding the level of PA (active: =3 days/week, less active:
1-2 days/week, inactive: <1 day/week) and the interest in
mHealth apps were determined using the chi-square test for
categorical variables, the Mann-Whitney U test for ordinal
variables, and the t test for metric variables. The level of
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significance was determined as P<.05. The statistical analyses
were calculated using SPSS (IBM SPSS Statisticsfor Windows,
version 22.0; IBM Corporation).

Results

Study Participants

A total of 18,961 studentsand 2621 employees of the University
of Potsdam were invited to take part in the Web-based survey.
After data processing and correction, atotal of 1217 data sets

Table 1. Basic characteristics of study participants.

Salzwedel et &

for students (6.42%) and 485 data sets for staff (18.50%) were
evaluated.

Around one-fifth of the students and one-third of employees
reported suffering from achronic disease; those affected within
each group were significantly older than healthy members of
the group (students: 26.8 vs 25.7 years, P=.01; staff: 46.1 vs
41.0 years, P=.001). In addition, 26.05% (317/1217) of
participating students and over 43.1% (209/485) of staff were

overweight to obese (BM| =25 kg/m?; Table 1).

Characteristics Students (n=1217) Staff (n=485)
Agein years, mean (SD) 26.0 (4.9) 42.7 (11.7)
Gender (male, n %) 398 (32.70) 158 (32.5)
High school graduate, n (%) N/A2 416 (85.8)
University degree, n (%) N/A2 357 (73.6)
Chronic disease®, n (%) 251 (20.62) 145 (29.9)
BMI® (kg/m?), mean (SD) 22.7(9.5) 24.1(3.6)
Normal weight, n (%) 900 (74.00) 276 (56.9)
Overweight, n (%) 262 (21.53) 165 (34.0)
Obese, n (%) 55 (4.52) 44 (9.1)
Extent of PAY | n (%)
>1 day/week 1095 (90.00) 397 (81.9)
>3 days/week 576 (47.33) 145 (29.9)

3N/A: not applicable.
BChronic diseases or long-term health problems lasting at least six months.

®Body mass index (BM1) classes: normal weight <25 kg/m?, overweight 25 to <30 kg/m?, obese =30 kg/m?.

dpa: physical activity.

Some 90.00% (1095/1217) of students and 82% (398/485) of
staff engaged in PA at least one day a week; nearly half of the
students and onethird of the staff met the WHO's
recommendations for PA (=3 days or 150 min per week). The
level of PA was dependent on gender, that is, among the
physically active (eg, =3 days/week) participants, the percentage
of males was higher both for students and for staff than in the
respective group of lessactive (eg, 1-2 days/week) or not active
(eg, <1 day/week) participants (students: 38.8 [224/576] vs
27.2% [174/641], P<.001; staff: 39.3 [57/145] vs 29.5%
[100/340], P=.04). Overdl, 56.5% (225/398) of the male and
43.3% (355/819) of the female students reported that they
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engaged in PA at least 3 times aweek. Among staff members,
36.7% (58/158) of the men and 27.2% (89/327) of the women
met these recommendations for PA. Students who were active
in PA were also less often chronically ill than inactive students
(17.99[104/576] vs 23.0% [147/641]; P=.04) and an anal ogous
trend was observed among staff members (26.7 [39/145] vs
31.3% [106/340]; P=.36). Group differences regarding active
or inactive participants in BMI class were identified only for
staff members. The physicaly active staff members had a
normal weight more often and were less often obese than
inactive employees (P=.02; Figure 1, top). Age had no influence
on PA in either group of participants.
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Figure 1. Physical activity and interest in mobile fitness apps with regard to the body mass index (BMI) class of the university staff surveyed. (Top)
BMI and physical activity (=3 days/week). (Bottom) BMI and the interest in mobile fitness apps to increase physical activity in less active individuals
(<3 days/week). BMI is usually expressed in kilogram per square meter (kg/m2).

Interest in Digital Health Technologies

Data on interest in mobile fitness apps to increase PA were
collected only for those participants of the study who were not
sufficiently active according to the WHO recommendations. It
was found that 53.2% (341/641) of the respective students and
44.2% (150/340) of staff indicated interest in the offers
independently of age, gender, or BMI class (Figure 1, bottom).
However, theinterest of staff members appeared to be dependent
on the extent of previous PA. Of those interested in mobile
fitness apps, 30.0% (45/150) were previously inactive, whereas
the percentage of previously inactive individuals in the group

http://mhealth.jmir.org/2017/4/e51/
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of those who were not interested was only 15.3% (29/190;
P=.003).

A total of 89.7% (575/641) and 85.6% (291/340), respectively,
of previously inactive students and staff expressed willingness
to pay at least some of the costs of such afitness app. In fact,
37.8% (242/641) of these less-active or inactive students and
35.8% (122/340) of staff already use fitness apps.

With respect to individual program functions, the greatest
interest of those surveyed was in documenting or managing the
measured values, instructions, and feedback (Figure 2). With
respect to trust in potential providers of health or fitness apps,
the majority of the students and staff surveyed were neutral.
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They were most likely to trust their physician (33%, 212/641,
and 27%, 92/340, respectively) and the sports club or trainer
(38%, 244/641, and 27%, 92/340, respectively).

Questions as to the potential access to data stored by the health
or fitness apps were also answered by most participants with

Figure 2. Desired features of mobile fitness apps.

Discussion

Principal Findings

In this survey, the percentage of physically active university
members was high, with 90% of students and over 80% of
employees. Of these, 57% of the male and 43% of femae
students and 37% of male and 27% of female staff members
met the level of PA of 150 min (or 3 times) a week as
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“undecided” or “opposed.” Here aswell, the participantswould
prefer to allow giving access to their physician (53%, 340/641,
of students and 45%, 153/340, of staff) or the sports club or
trainer (25%, 160/640, and 12%, 41/340, respectively).

recommend by the WHO. Lampert et a [21] confirmed, based
on survey data from the Robert Koch Institute from 2009 for
the general population, lower percentages of physically active
persons, but simultaneously emphasized the key correlation
between PA and socia status determined by the level of
education and income. With thisin mind and taking into account
the fact that 10% of the students were mgjoring in a subject
related to sports, the high level of PA among the population in
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the study is not particularly surprising and is comparable with
the results of other internal surveys at universities [22,23].

Around half of the students, who were previousy not
sufficiently physically active, and one-third of the staff indicated
an interest in mHealth apps. Although there was no age
dependence within the groups of participants, an age-related
dependence of interest in digital solutions may be postulated
for theintergroup comparison between students and staff. Recent
literature provides extensive evidence that younger individuals
in various target groups are more interested in mHealth apps
and are more often willing to use such devices [24-26]. There
has now been a broad discussion of the problems regarding the
acceptance of digital devices among older groups, which
focused, for example, on thefailureto addressthe needs of these
groups and called for the development of apps specifically for
these target and age groupsin order to increase user acceptance
[27,28].

On the other hand, this study identified only negligible
differences between students and staff with respect to potentially
interesting functions of mHealth apps. Only “documenting and
managing measured values’ was named by students
(approximately 10%) more often than by staff. Overall, these
program functions were among the most important features of
a mHealth app for both groups aside from “instructions’ and
“feedback.” This result can most likely be interpreted in view
of the current state of technological development and the
demand induced by the providers of mHealth apps. Cultural
values, such as the current “quantified self” movement, at the
center of which is collecting data on various aspects of one's
own life to improve self-understanding, may also play arole
[29-31].

When differentiating between the previously inactive students
and staff members compared with those who got PA once to
twice aweek, in this survey, the “reminder” function that was
of considerably greater interest for theinactiveindividual s, was
especialy significant. The reminder feature can be considered
a sef-check technique and supports adherence. It can be
assumed that the inactive individuals are well-aware of their
need for PA and thus seek suitable support options to adjust
their behavior. Similar behavioral patterns are already known
from obesity research [32].

Regarding trust in the providers of health or fitness apps and
with respect to access to the values measured by such apps, it
was found that the great majority of those surveyed were
undecided or opposed. They were most likely to trust their own
physician and the sports club or trainer in this respect. The
indecision and opposition expressed are plausible in view of
the requirements of trustworthy apps expressed in literature.
Dennison et al [33], for example, emphasize that potential users
desire confidentiality, expertise of the app providers, and the
required transparency regarding the functions of the app and
with respect to records of the values measured. Recent studies
have shown extensive evidence of general concerns regarding
data privacy; here again, some correlation with age and level
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of education has been postulated in addition to media- and
experience-based mistrust [26,34,35].

Willingness to assume the partial or full costs for a mHealth
app was generally high among the individuals surveyed who
wereinterested in electronic media, corresponding with arecent
study [36]. However, the general willingness expressed in an
abstract context does not allow avalid conclusion to be drawn
about a concrete decision, which may be more complex and
take contextual factors such as the financial burden associated
with this purchase into consideration. For example, Dennison
et al [33] showed that students expect a health or fitness app to
be reasonably priced. Ultimately, the actual willingness to
assume the costs of amHealth app is likely to depend not only
on the cost, but also on the anticipated benefit of the concrete

app.
Limitations

The response rate for the study was within the usual range for
surveys of thiskind. Return rates of less than 10% for students
and less than 20% for staff were aso reported in other studies
of PA at universities[22,23]. Nevertheless, it must be assumed
that this level of response rates may be associated with a
sampling bias. Furthermore, a sampling bias regarding the
gender distribution of the investigated population can be
assumed. The male proportion among the respondents was
approximately 33% both in students and staff members, whereas
the proportion of male is higher in the whole population, that
is, 42% of al students and 44% of the entire staff of the
university in 2015 were male.

The percentage of physically active students is relatively high
in this study at 90% and thus comparable with the results of
PreuR et al [22], who found around 80% of physically active
students at the University of Bonn. It is assumed that the
percentage of physically active students at the University of
Potsdam was overestimated due to the high percentage of sport
science programs. It is assumed that questions about PA are
more likely to be answered by individuals interested in sports.
This applies analogousdly to the group of staff members with
82% of physically activeindividuals, although comparable data
are availablein literature here aswell [23].

Thisstudy has an explorative nature; the results presented should
therefore not be simply transferred to all students and staff at
the University of Potsdam or to other populations (such as to
population-based cohorts).

Conclusions

Even in younger groups with a high level of education, the
majority of individuals do not meet the level of PA
recommended by the WHO. However, around half of the
individualsin thisgroup of inactive individual s showed interest
in mobile apps to encourage activity, indicating that the
personalized and age-group-specific use of mHealth apps for
optimizing lifestyle through more PA could becomeincreasingly
more important.
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Abstract

Background: Efforts to improve snacking and drinking habits are needed to promote a healthy body mass index (BMI) in
adolescents. Although commercia fitness and nutrition mobile phone apps are widely used, littleisknown regarding their potential
to improve health behaviors, especially in adolescents. In addition, evidence on the mechanisms through which such fitness and
nutrition apps influence behavior islacking.

Objectives: This study assessed whether the use of commercial fitness or nutrition apps was associated with alower BMI and
healthier snacking and drinking habits in adolescents. Additionally, it explored if perceived behavioral control to eat healthy;
attitudesto eat healthy for the good taste of healthy foods, for overall health or for appearance; social norm on healthy eating and
social support to eat healthy mediated the associations between the frequency of use of fitness or nutrition apps and BMI, the
healthy snack, and beverage ratio.

Methods: Cross-sectional self-reported data on snack and beverage consumption, healthy eating determinants, and fitness and
nutrition app use of adolescents (N=889; mean age 14.7 years, SD 0.8; 54.8% [481/878] boys; 18.1% [145/803] overweight)
were collected in arepresentative sample of 20 schoolsin Flanders, Belgium. Height and weight were measured by the researchers.
The healthy snack ratio and the healthy beverage ratio were calculated asfollows: gram healthy snacks or beverages/(gram healthy
snacks or beverages+gram unhealthy snacks or beverages)x100. Multilevel regression and structural equation modeling were
used to analyze the proposed associations and to explore multiple mediation.

Results: A total of 27.6% (245/889) of the adolescents used fitness, nutrition apps or both. Frequency of using nutrition apps
was positively associated with a higher healthy beverage ratio (b=2.96 [1.11], P=.008) and a higher body mass index z-scores
(zBMI; b=0.13 [0.05], P=.008. A significant interaction was found between the frequency of using nutrition and for the zZBMI
(b=—-0.03 [0.02], P=.04) and the healthy snack ratio (b=—0.84 [0.37], P=.03). Attitude to eat healthy for appearance mediated
both the fitness app use frequency-zBMI (a x b=0.02[0.01], P=.02) and the nutrition app use frequency-zBMI (a x b=0.04[0.01],
P=.001) associations. No mediation was observed for the associations between the frequency of use of fitness or nutrition apps
and the healthy snack or beverage ratio.
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Conclusions:

De Cock et al

Commercial fitness and nutrition apps show some association with healthier eating behaviors and BMI in

adolescents. However, effective behavior change techniques should be included to affect key determinants of healthy eating.

(JMIR Mhealth Uhealth 2017;5(4):€58) doi:10.2196/mheslth.6005

KEYWORDS
mhealth; adolescents; snacks; beverages; body mass index

Introduction

In Flanders, Belgium, 18% of the adolescents between 14 and
16 yearsareoverweight [1]. An unhedlthy lifestyle characterized
by physical inactivity [2], sedentary behavior [3], and unhealthy
eating habits[4], plays an important role in the devel opment of
obesity. Typical unhealthy eating habits during adolescence are
alow consumption of fruit, vegetables, and dairy products and
an overconsumption of energy-dense snacks and sugar- and
fat-rich beverages[5-9]. Health promotion programsto improve
snack and beverage intakes are needed to promote a healthy
body massindex (BMI) in adolescents.

Mobile phone use has significantly increased over the last
decades, especially among adolescents and children [10-12].
With this increase, health-related apps have become widely
spread [10,13-15]. Currently, 79,298 apps are available in the
health and fitness category of iTunesand 75,058 in Google Play
[16,17], the two leading app storesin Europe [14]. These apps
are usualy available in English or Dutch [14]. Among these
apps, fitness and nutrition apps are the most popular and are
typically used to improvefitness or eating habits[10,13]. Fitness
and nutrition apps allow usersto monitor their physical activity
or food intake, provide information on the nutritional content
of specific food items, and give instructions or demo videos for
physical exercises[13,18,19]. Adolescentsare highly skilledin
using mobile phones and apps [20,21]. In 2014, 86% of the
adolescents in Flanders owned a mobile phone and on average
had 10-20 appsinstalled on the device[22]. Fitnessand nutrition
apps may thus be a promising, engaging, and affordable way
to promote healthy lifestyle behaviorsin adolescents[11,12,23].

Despite their potential for health promotion, little information
exists about the use and effectiveness of commercially available
fitness and nutrition apps [12,24]. Only a handful of studies,
mostly in adults, have investigated the use of such apps and/or
their relation with health [10,13,18,25,26]. The use of
commercialy availablefitness apps was found to be associated
with higher exercise levels, lower BMI, weight loss, and
healthier eating [18,25], whereas the use of nutrition apps has
been associated with better diet monitoring and weight loss
[27,28]. Among adolescents, no differences in physical fithess
were observed between fitness app users and nonusers during
arandomized controlled tria [20]. To the best of our knowledge,
no studies have investigated the use of existing fitness and
nutrition appsand their relation with healthy eating habits and/or
alower BMI in adolescents.

Most existing fitness and nutrition appsfor children, adol escents,
and adults only contain a few effective behavior change
techniques and might therefore have a limited capacity to
facilitate behavior change [12,23,24,29]. Nevertheless, these
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apps are popular and perceived as useful and effective by the
users[26]. Better evidence gathered via popul ation-based studies
on the usage patterns of such apps, their perceived utilities and
benefits, and associations with health behaviors and BMI is
needed [10,13,26,30].

To more fully comprehend the possible effects of nutrition and
fitness apps on health behaviors, the mechanismsthrough which
such appsinfluence behavior should also be explored [12,18,29].
Fitnessand nutrition appsusually do not alter behavior directly,
but they contain specific features that focus on key behavioral
determinants[18,19,25,31]. Important i ntermediate determinants
of healthy eating habitsin adolescents are attitude to eat healthy,
behavioral control, social norm, and social support [9,32-34].
Adolescents’ attitude to eat healthy is mainly determined by
taste, appearance, and health concerns [35-37]. An assessment
of intermediate determinants in adults found that the use of
fitness apps was associated with alower BMI through a higher
self-efficacy to exercise and higher levels of exercise [18]. To
the best of our knowledge, no study has investigated if
commercialy available fitness and nutrition apps target and/or
positively influence key intermediate determinants of
adolescents' eating behaviors and anthropometrics.

This study first aimed to examine the use of fithess and/or
nutrition apps and the associations between fitness and/or
nutrition app use frequency and BMI, healthy snacking, and
drinking habits (healthy snack or beverageratio) in adolescents.
It was expected that app use frequency would be related to a
lower BMI and a higher healthy snack and/or beverage ratio.
The combined influence of fitness and nutrition apps was also
considered, as adolescents might use both fitness and nutrition
albeit not alwaysto the same extend [10,13]. Second, this study
aimed to explore if the key behavioral determinants to eat
healthy mediated the associations between fitness and/or
nutrition app use and BMI, the healthy snack or beverage ratio.
Perceived behavioral control to eat healthy; attitudes to eat
healthy for the good taste of healthy foods, for overall health
and for appearance; social horm on healthy eating or social
support to eat healthy were examined in this regard. It was
hypothesized that more frequent use of these apps would be
associated with higher scores for the mentioned determinants,
whichinturnwould be associated with lower BMI and healthier
snacking and drinking habits.

Methods

Project

This research was conducted within the context of the
Rewarding Heathy Food Choices Project [38], a
multidisciplinary project that aims to investigate and improve
the nutritiona status of children and adolescents. The project
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combines rewarding paradigmswith learning theory and typical
behavior change techniques such as monitoring and goal setting,
through novel methods such as serious games and mobile phone

apps.

Study Procedure and Participants

Data were collected using a pencil-and-paper survey from
September 2013 to December 2013 in 14- to 16-year-old
adolescents from 20 schools in Flanders, Belgium. A total of
1210 adolescents were sampled; the detailed sample size
calculation and sampling procedure was aready described
elsewhere [1]. The adolescents completed the survey in the
classroom in the presence of two researchers who provided
clarification where necessary. Confidentiality and anonymity
were assured by the researchers before, during, and after the
completion of the survey. Passive consent was obtained from
the parents or legal guardians of the sampled adolescents and
the adolescents were informed that they could withdraw from
the study at any time without explanation. The study protocol
was approved by the Ethics Committee of the Ghent University
Hospital.

M easures

Demographics

Both sex and date of birth of the participants were recorded.
Age was derived by subtracting the date of birth from the date
the survey took place. The education type of each adolescent
(general or technical or vocational) was obtained from the
schools.

Snack and Beverage | ntake

Snack and beverage intake were assessed using afood frequency
guestionnaire (FFQ), which is designed to measure snack and
beverage intake of adolescents [39]. The FFQ probes for usual
food intake with a reference period of 1 month and comprises
two sections: beverages and snacks. The intake of beverages
was evaluated over the whole day, as beverages such as soft
drinks and fruit juice provide additiona calories not only at
snack times but also throughout the whole day [40]. Theintake
of snacks was evaluated in terms of all food items consumed
outside (>30 min) of breakfast, lunch, and dinner [41].

Snacks and beverages were classified as either unhealthy or
healthy using the UK Ofcom Nutrient Profiling model [42].
Thismodel providesascorethat representsthe “unhealthiness’
of a beverage or food product [42]. Following this scoring
system, the snack and beverage items are sport drinks, energy
drinks, soft drinks, sweetened milk drinks, crisps, other salty
snacks, savory rolls (cheese or sausage) or pizza, other fried
snacks, fries, hamburgers, cheese or meat cubes, sandwiches
with sweet or savory spread, ice cream, popsicles, breakfast
ceredls, pudding, mousses, chocolate, candy bars, candy, dry
cookies, other cookies, breakfast rolls, and pastries, which were
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all considered to be unhealthy. Items such as water, fruit or
vegetable juice, coffee or tea, milk, milk substitutes,
unsweetened yoghurt, sweetened yoghurt, dried fruit, fruit, raw
vegetables, nuts and seeds, kebab and pasta cups were
considered to be healthy.

For each FFQ category, the daily intake was calculated by
multiplying the frequency of consumption with the quantity of
consumption per week (g) divided by 7. These daily intakes
were then summed to obtain the daily intake of healthy snacks
(9), unhealthy snacks (g), unhealthy drinks (mL), and healthy
drinks (mL). Subsequently, a healthy snack and a healthy
beverageratio werethen calculated. Theseratioswere calculated
as follows: gram healthy snacks or beverages/(gram healthy
snacks or beverages + gram unhealthy snacks or
beverages)x100. The higher this ratio, the more healthy the
snack and beverage intake of the adolescents was.

Fitness and Nutrition App Use

Frequencies of fithess and nutrition app use were assessed with
the questions: “How often do you use fitness apps on your
mobile phone or tablet?” with examples Nike+Running and
Fitness Pall and “How often do you use nutrition apps on your
mobile phone or tablet?’ with examples Weight Watchers and
Calorie Counter. Response categories were (almost) never, a
few times a year, once a month, a few times per month, once
every week, a few times per week, and (almost) daily. The
answer format was adapted from a previous study on the change
in the frequency of media use among adolescents over time
[43]. Response categorieswere rescal ed to represent how many
times such an app was used in 1 week. Never and a few times
ayear were set to 0, whereas other answer categorieswere given
the following values: once a month=0.25 (reflected using the
appsonceevery 4 weeks), afew times per month=0.5 (midpoint
of the interval), once every week=1 (reflected using the apps
one day a week), a few times per week=3.5 (midpoint of the
interval), and daily=7 (reflected using the apps every day of the
week).

Perceived Behavioral Control, Social I nfluence, and
Attitudes

Perceived behavioral control to eat healthy, social horm of
healthy eating, social support to eat healthy, and attitudes to eat
healthy for the good taste of healthy foods, for overall health
and for appearance were measured via 13 items taken from an
existing valid and reliable hedthy diet determinants
guestionnaire (Table 1) [35]. All items were evaluated using a
5-point Likert scale. For the constructs perceived behavioral
control to eat healthy and attitude to eat healthy for overall
health and for appearance, mean scores ranging from 1 to 5
were computed by averaging the scores of the items used to
measure these constructs.
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Table 1. Overview used constructs, items, and anchors of the healthy diet determinants questionnaire.

Constructs Questions

Cronbach al-
pha

Anchors

Perceived behaviora control (1-5)
eat healthy each day?

Suppose you want to eat healthy...How hard isit for you to

1=very hard and 5=not hard at .71
al

How hard isit for you to eat a healthy diet at your home?

How hard isit for you to eat a healthy diet at your school?

Peer socia norm (1-5)

Peer social support (1-5)
healthy diet?

Attitude toward healthy eating for the

good taste of healthy foods (1-5) taste of healthy foods

Attitude toward healthy eating for
overal health (1-5)

A reason or benefit for me to eat healthy isthat | feel better

eating healthy

How healthy does your best friend eat?

How often does your best friend encourage you to eat a

A reason or benefit for me to eat healthy isthat | like the

I think healthy eating isimportant for my overall health

1=very unhealthy and 5=very /a2
unhealthy

1=not at all and 5=very often  N/A
1=completely disagree and N/A

5=completely agree

1=completely disagree and .79
5=completely agree

1=completely disagree and
5=completely agree

A reason or benefit for meto eat healthy isthat | stay in good

health

Attitude toward healthy eating for ap-
pearance (1-5)

A reason or benefit for me to eat healthy is...that | can keep
my weight asit is now and do not become overweight

A reason or benefit for meto eat healthy is...that | loseweight

1=completely disagree and .79
5=completely agree

1=completely disagree and
5=completely agree

A reason or benefit for meto eat healthy is...that other people

admire me

A reason or benefit for me to eat healthy is...to have an at-

tractive body

3NI/A: not applicable.

Height and Weight

Two trained research assistants measured body height and
weight using a standardized protocol [44]. Adolescents were
measured without shoes and were allowed to wear light clothing.
Body height was measured with a SECA Leicester Portable
Stadiometer with an accuracy of 1 mm. Weight was measured
with a calibrated electronic scale SECA 861 with an accuracy
of 100 g. Age and sex-specific body massindex z-scores (zBMI)
were cal culated using Flemish 2004 growth reference data[45].
According to the International Obesity Task Force cut-off points,
adolescents were classified as either normal weight or
overweight [46].

Statistical Analyses

Firgt, descriptive statistics of the samplewere computed. Second,
associations between the independent variabl es (fitness and/or
nutrition app use frequency) and the dependent variables (zBMI,
the healthy snack ratio, and the healthy beverage ratio) were
assessed using multilevel linear regression analyses with a
three-level structure (adolescents within classes within school s)
to account for clustering of the data. Five consecutive models
were tested. Model 0 was an intercept-only model without any
level 1, level 2, or level 3 predictors; Model 1 was a
covariates-only model (gender and education type). Models 2
and 3 evaluated the singular associations of fitness or nutrition
app use frequency with the dependent variables by adding the
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fitness app use frequency or nutrition app use frequency to
Model 1. Mode 4 examined the independent influence of fitness
and nutrition app use frequency by simultaneously adding both
fitness app use frequency and nutrition app use frequency to
Model 1. Model 5 explored the interplay between fitness and
nutrition app use frequency by adding the fitness app use
frequency x nutrition app use frequency interaction term to
Model 4. When evidence of interaction was found in Model 5,
a margins plot was computed to allow easier interpretation.
Gender and education type (two dummies) were operationalized
as categorical variables with O=boys or general education.
Frequencies of fitness and nutrition app use were treated as
continuous predictors. Astheintercept- and the covariates-only
models (Models 0 and 1) werelessrelevant to test the postul ated
hypotheses, only Models 2-5 were presented.

Finally, to assess the mechanisms through which fitness and
nutrition apps influence behavior, mediation analyses were
executed for each app separately. Mediation of the associations
between theindependent (zBMI, healthy snack ratio, or healthy
beverage ratio) and the dependent variables (fithess app use
frequency or nutrition app use frequency) by the healthy diet
determinants was explored with multiple mediation models.
These models were fitted using multilevel structural equation
modeling (M SEM; path analyses) with three levels for each of
the app-outcome combinations, resulting in 6 models. Mediation
was assessed following Preacher, Zyphur and Zhang [47,48]
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for the multilevel 1-1-1 model, using bootstrapped standard
errors for the indirect effects (1000 replications). The
coefficients shown in “Results” section, however, are the result
of singlelevel generalized structural equation modeling (GSEM)
as the multilevel models did not provide substantial higher
efficiency, based on Akaike information criterion (AIC), and
computationally simpler models were thus preferred.

For both the multilevel regression models, as the multiple
mediation model s associations were controlled for gender and
education type, continuous parameters were mean centered,
outliers were removed, unstandardized coefficients and their
standard errors were displayed, and associations with P value
<.05 were considered statistically significant. For all models
also the log-likelihoods and the log-likelihood tests compared
with the null model (intercept only), together with the explained
variances compared with the null model were computed. All
analyses were conducted using Stata version 13 SE (StataCorp
LP).

De Cock et al

Results

Descriptives

Of the 1210 selected adolescents, 6% were absent or did not
receive parental consent and 2.8% returned a questionnaire of
unsatisfactory quality (more than 33% of the questions not
completed or straight-lining responses). Only 73% (889/1104)
of the adolescents who filled out the survey completed the
guestions on app use and were considered for the analyses. The
mean age of these adolescents was 14.7 years 54.8% (481/878)
were male, 18.1% (145/803) overweight or obese, 46.1%
(410/889) enrolled in general, 34.7% (308/889) in technical,
and 19.2% (171/889) in vocational education (see Table 2).
Table 2 also shows the mean and standard deviations (SDs) for
the dependent and independent variables. The mean zBMI was
0.28 (SD 1.02), the mean healthy snack ratio 37.16 (SD 25.39),
and the mean healthy beverageratio 72.76 (SD 24.79). Hedlthy
snacks and beverages thus accounted for 37.2% and 72.8%,
respectively, of thetotal snack or beverageintakein adolescents.

Table 2. Characteristics of the participants (n=889), zBMI, snack and beverage intake, perceived behaviora control, social influences, and attitudes.

Characteristics % or mean (SD?)
Demographics
Overweight 18.1
Boys 48
General education 46.1
Technical education 34.7
Vocational education 19.2
Age 14.69 (0.81)
App use
Use fitness apps 17.6%
Use nutrition apps 7.6%
Use both fitness and nutrition apps 1.7%
Frequency of use of fitness apps (0-7) 0.54 (1.47)
Frequency of use of nutrition apps (0-7) 0.16 (0.80)
ZBM|P , healthy snack, and beverageratio
ZBMI 0.28 (1.02)
Healthy snack ratio 37.16 (25.39)
Healthy beverage ratio 72.67 (24.79)
Healthy eating deter minants
Perceived behavioral control to eat healthy (1-5) 3.36(0.82)
Attitude to eat healthy eating for the good taste of healthy foods 3.70 (0.78)
(1-5
Attitude to eat healthy for overall health (1-5) 3.70 (0.78)
Attitude to eat healthy for appearance (1-5) 3.03 (0.90)
Social norm to eat healthy (1-5) 3.12 (0.84)
Social support to eat healthy (1-5) 2.11 (0.95)

83D: standard deviation.
b2BMI: body massindex z-scores.
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A total of 27.6% (245/889) of the adolescents used fitness and
nutrition apps, most of them used fitness apps (17.6%, 167/889).
A smaller group used both fitness and nutrition apps (7.6%,
63/889) and merely 3% (15/889) used only nutrition apps. The
mean frequency of use is less than once a month for nutrition
apps and between a few times per month and every week for
fitness apps.

Multilevel Associations

ZBMI

Both fitness and nutrition app use frequency were singularly
associated with zBMI (see Models 2 and 3 in Multimedia
Appendix 1). The more frequent adolescents used fitness apps
(b=0.07 (0.02), P=.001) or nutrition apps (b=0.18 (0.03),

De Cock et al

P<.001), the higher the zBM1 of the adol escents was. However,
when both fitness and nutrition app use frequency were
considered simultaneously (Model 4 in Multimedia Appendix
1), only nutrition app use frequency was independently and
directly associated with zBMI (b=0.16 (0.04), P<.001). In
addition, a significant interaction between fitness app use
frequency and nutrition app use frequency (b=-0.03 (0.02),
P=.04) in relation to zBMI was found (Model 5 Multimedia
Appendix 1) in a way that when fithess apps were more
frequently used, the association between nutrition app use
frequency and zBMI decreased (see margins plot in Figure 1).
Model 5 had the lowest log-likelihood and was thus the best
fitting model. Together with the covariates, fitness and nutrition
app use frequencies explained 7% of the variation in zBMI.

Figurel. Marginsplot zBMI and healthy snack ratio. Analyses controlled for sex and education type.
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Healthy Snack Ratio

No significant singular or independent associations between
thefrequencies of use of fitness or nutrition apps and the healthy
snack ratio could be observed (see Models 2-4 in Multimedia
Appendix 1). However, there was an interaction of fitness and
nutrition app use frequency (b=-0.84 (0.37), P=.03) with the
healthy snack ratio (Model 5in Multimedia Appendix 1). More
specifically, the association between the nutrition app use
frequency and the healthy snack ratio was positive at low
frequencies of use of fithess apps. At higher frequencies, the
association between nutrition app use frequency and the healthy
snack ratio was negative (Figure 1). Here also, Model 5 wasthe

http://mhealth.jmir.org/2017/4/e58/
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best fitting model. The covariatestogether with the frequencies
of use of both fitness and nutrition apps explained 9% of the
variation in the healthy snack ratio.

Healthy Beverage Ratio

In contrast to fitness app use freguency, nutrition app use
frequency was significantly associated with the healthy beverage
ratio (see Models 2-4 in Multimedia Appendix 1). Adolescents
who used nutrition apps more often had a higher healthy
beverage ratio (b=2.96 (1.11), P=.008). Also, no significant
interaction of fitness app use frequency and nutrition app use
frequency was observed (see Model 5in Multimedia A ppendix
1). Model 5 again had the lowest log-likelihood and thus
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provided the best fit. Together with the covariates, fitness and
nutrition app use frequencies explained 5% of the variation in
the healthy beverage ratio.

Multiple M ediation

The multiple mediation analyses indicated that both the fitness
and nutrition app use frequencies were positively associated
with social support to eat healthy (fitness apps b=0.05 [0.02],
P=.03; nutrition apps b=0.10[0.04], P=.01) and attitude to eat
healthy for appearance (fitness apps b=0.05 [0.02], P=.008;
nutrition apps b=0.14 [0.04], P<.001) (see Figures 2-4, top).
The higher the app use frequency, the more positive the attitude
to eat hedthy for appearance and the felt social support.
However, only attitude to eat healthy for appearance was found

Table 3. Indirect effects multiple mediation with fitness app use frequency.

De Cock et al

to be a mediator. The attitude to eat healthy for appearance
mediated both the fitness app use frequency-zBM| relation (a
x b=0.02 [0.01], P=.02) and the nutrition app use
frequency-zBM I relation (a x b=0.04[0.01], P=.001) (seeFigure
3 and Tables 3 and 4). The higher the frequencies of use of
fitness or nutrition apps, the more positive the attitude to eat
healthy for appearance and the higher the zBMI. The
associ ations between the frequencies of use of nutrition or fitness
apps and the healthy snack ratio or the healthy beverage ratio
were not mediated by any of the proposed mediators. The
multiple mediation models explained, respectively, 9%, 11%,
and 16% of the variance in zBMI, the healthy snack ratio, and
the healthy beverage ratio (see Figures 2-4).

Mediator Indirect effect (2 x b)  Bootstrapped SE? z P Normal-based 95% ClI
zBM|P

Perceived behaviora control to eat healthy -0.00 0.00 -0.89 .37 -0.01t00.00
Attitude to eat healthy for the good taste of healthy foods  0.00 0.00 0.03 .98 -0.00t00.00
Attitude to eat healthy for overall health 0.00 0.00 0.28 .78 -0.00t00.00
Attitude to eat healthy for appearance 0.02 0.01 2.28 .02 0.00-0.03
Socia norm to eat healthy 0.00 0.00 0.28 .78 -0.01t00.01
Social support to eat healthy 0.00 0.00 0.99 .32 -0.00t00.01
Total indirect effect 0.02 0.01 2.00 046 0.00t00.03
Healthy snack ratio

Perceived behaviora control to eat healthy 011 0.11 1.01 31 -0.10t00.32
Attitude to eat healthy for the good taste of healthy foods  -0.01 0.05 -0.19 .85 -0.11t00.09
Attitude to eat healthy for overall health 0.01 0.04 0.32 .75 -0.07t00.10
Attitude to eat healthy for appearance 0.08 0.07 1.07 .29 -0.061t00.22
Social norm to eat healthy -0.00 0.03 -0.06 .96 -0.05t00.05
Social support to eat healthy 0.05 0.06 0.81 42 -0.07t00.17
Total indirect effect 0.24 0.18 1.30 .20 -0.12t00.60
Healthy beverageratio

Perceived behaviora control to eat healthy 0.10 0.10 1.04 .30 -0.09t00.30
Attitude to eat healthy for the good taste of healthy foods  0.01 0.04 0.15 .88 -0.071t00.08
Attitude to eat healthy for overall health 0.04 0.06 0.62 .54 -0.08t00.15
Attitude to eat healthy for appearance 0.09 0.08 111 .26 -0.07t00.27
Social norm to eat healthy 0.01 0.05 0.24 .81 -0.09t00.12
Social support to eat healthy 0.08 0.07 124 22 -0.05t00.21
Total indirect effect 0.33 0.17 197 049 0.00to0 0.66

8SE: standard error.
b2BMI: body massindex z-scores.
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Table4. Indirect effects multiple mediation with nutrition app use frequency.

Mediator Indirect effect (a x b)  Bootstrapped SE? z P Normal-based 95% ClI
zBM1P

Perceived behavioral control to eat healthy 0.00 0.01 0.87 .39 -0.01t0 0.02
Attitude to eat healthy for the good taste of healthy foods  -0.00 0.00 0.05 .69 -0.00to 0.00
Attitude to eat healthy for overall health 0.00 0.00 0.29 a7 -0.01t0 0.01
Attitude to eat healthy for appearance 0.04 0.01 3.23 .001 0.02t00.07

Social norm to eat healthy 0.00 0.00 0.99 32 -0.00t0 0.01

Socia support to eat healthy 0.01 0.01 0.97 33 -0.01t00.02

Total indirect effect 0.06 0.02 3.75 <001 0.03t00.09

Healthy snack ratio

Perceived behavioral control to eat healthy -0.26 0.22 =117 24 -0.70t0 0.17
Attitude to eat healthy for the good taste of healthy foods  -0.05 0.12 -042 .68 -0.29t00.19
Attitude to eat healthy for overall health 0.03 0.10 0.29 a7 -0.16t00.22
Attitude to eat healthy for appearance 0.19 0.17 112 .26 -0.14t0 0.52
Social norm to eat healthy -0.01 0.05 -0.18 .85 -0.10t0 0.08
Social support to eat healthy 0.10 0.13 0.73 46 -0.16 t0 0.36
Total indirect effect -0.01 0.38 0.02 .99 -0.30t0 0.87

Healthy beverageratio

Perceived behavioral control to eat healthy -0.24 0.20 -123 .22 -0.63t00.15
Attitude to eat healthy for the good taste of healthy foods  0.02 0.08 0.32 75 -0.14t00.19
Attitude to eat healthy for overall health 0.08 0.14 0.56 .58 -0.19t00.34
Attitude to eat healthy for appearance 0.20 0.20 1.01 31 -0.19t0 0.58
Social norm to eat healthy 0.06 0.07 0.91 37 -0.08t00.21
Social support to eat healthy 0.15 0.14 112 .26 -0.12t0 0.43
Total indirect effect 0.28 0.35 0.79 43 -0.41t0 0.96

8gE: standard error.
bzBMI: body mass index z-scores.
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Figure 2. Multiple mediation zZBMI. Analyses controlled for sex and education type; * P<.05, ** P <.01, *** P <,001.
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Figure 3. Multiple mediation healthy snack ratio. Analyses controlled for sex and education type; * P <.05, ** P <.01, *** P <.001.
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Figure 4. Multiple mediation healthy beverage ratio. Analyses controlled for sex and education type; * P <.05, ** P <.01, *** P <.001.
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Discussion

Principal Findings

This study is one of the first to investigate associations, both
independent and interactive, between commercial fithess and
nutrition app use frequencies and adolescents' snacking and
drinking behaviors and BMI. A more frequent use of fitness
and nutrition apps was associ ated with heal thier drinking habits
and alower BMI. This study also assessed which determinants
mediated the relations between the use of fitness or nutrition

http://mhealth.jmir.org/2017/4/e58/

RenderX

apps and BMI, healthy snacking, or healthy drinking habits.
Only attitude to eat healthy for appearance was found to be a
mediator of the relations between the frequency of use of fithess
or nutrition apps and zBMI.

First, atotal of 28% of the Flemish adolescents in our sample
reported to use fitness or nutrition apps in 2013. The mean
frequency of using fitness apps was between a few times per
month and every week and less than once amonth for nutrition
apps. A study conducted in the United Statesin 2015 found that
around 58% of the US adults had downloaded a health app and
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that 65% of these also used this app daily [13]. Apart from the
country and the timing of the survey, the discrepancy between
our results and the 2015 US survey could also be attributed to
the surveyed population group. Possibly, adol escents use health
appslessfrequently when compared with adults. Morein-depth
research on the motives of adolescents to use health apps will
be needed in the future to understand why adolescents might
be less inclined to use such app when compared with adults.

Second, a higher use of nutrition apps was independently
associated with a higher zBMI. This was unexpected, possibly
adolescents using nutrition appsin thisstudy weretryingto lose
weight. Results confirmed that nutrition app users were indeed
more likely to be overweight (36% overweight) in comparison
to adolescents who do not use these apps (16% overweight).
Using nutrition apps could thus be part of interventionsto lose
weight. A desire to lose weight was one of the most frequent
reasons to download a nutrition app in the United States [13].
Also, the more adol escents used nutrition apps, the more healthy
their beverage intake was. No other studies are available to
compare these findings with. No significant independent
association between fitness apps use frequency and the healthy
beverage ratio wasfound, nor were there significant independent
associations observed between fitness or nutrition apps use
frequency and the healthy snack ratio. The use of commercial
fitness and nutrition apps was thus only weakly associated with
healthier snacking and drinking habits in adolescents. This
limited influence might be a consequence of their often limited
theoretical ground. Our results support the conclusions from
reviews and content analyses, which indicated that commercial
fitness and nutrition apps tend to lack a thorough theoretical
base and therefore might not be effective in promoting good
health [14,15,24,29,31].

Third, evidence of an interaction between the frequencies of
use of fitness and nutrition apps was found for zBMI and the
healthy snack ratio, but not for the heathy beverage ratio.
Frequently using both fitness and nutrition apps was associated
not only with alower BMI, but also with alower healthy snack
ratio. The latter finding was unexpected; this could however be
a consequence of the perceived higher energy-needs of those
adolescents who frequently use fitness apps. These fithess app
users might consume more energy-bars that contain large
amounts of sugar and/or fat. More research will be needed to
further confirm our findings and to explore the existence of such
interactive influences for other health behaviors as well.
Research on adolescents' motives for using and downloading
fitness and/or nutrition apps would also be helpful for a better
understanding and explanation of these interactions. Fourth,
higher frequencies of fitness and nutrition apps use were
associated with a more positive attitude to eat healthy for
appearance, which was in turn associated with a higher zZBMI.
Adolescents with a higher BMI might thus use fitness or
nutrition apps to look good or to lose weight. Future research
could investigate whether these adolescents show dieting or
restrained eating practices and if these practices can (partialy)
explain the association between nutrition or fitness app use and
a higher zBMI. No evidence of mediation was found for the
associations between the fitness or nutrition apps use frequency
and the healthy snack or beverage ratio. In genera, little

http://mhealth.jmir.org/2017/4/e58/
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evidence of mediation was found; current commercialy
available fitness and nutrition apps seem to influence only a
few key determinants of eating behaviors. The apps might hence
not incorporate the corresponding behavior change techniques
or use these techniquesin an effective way. Our findingsthereby
confirm those from several reviews and content analyses
[14,15,24,29,31] that report beneficial influence of commercial
fitness and nutrition apps on health is limited by their lack of
(effective) behavior change techniques. Apps aimed to change
behavior should thus focus more on targeting the key
determinants identified in the literature and incorporate the
corresponding behavior change techniquesin an effective way
[12,29].

Strengthsand Limitations

The strengths of this study were the use of a representative
sample, the objective measurements of height and weight, the
use of multilevel regression models and structural equation
modeling (SEM) to research the associations and mediations.
Thisstudy also has somelimitations. Firgt, this study considered
the use of general fitness and nutrition apps with a 12+ rating.
To date, only a few available hedth apps are specificaly
devel oped for adol escents, and adolescentswill thus use general
health apps. No assessment of the developmental
appropriateness of such apps was made. However, such an
analysis is warranted given that adolescents have other needs
than adults, for example, simpler interfaces and different app
features based on differentially identified behavior change
techniques compared with adults [12,49,50]. Unfortunately, at
present, no coding system and legdlities related to age
appropriateness of appsfor children and adolescents exist within
the regulatory framework of the EU [51]. Second, given the
cross-sectional nature of this study design, no statements about
the causality of the associations found could be made.
Experimental research is therefore needed to further examine
how nutrition and/or fitness app use influences BMI and eating
behaviors or vice versa.. Third, all collected data except the
anthropometrics were self-reported and therefore subject to
socia-desirability bias. Fourth, physical activity and total energy
intake were not assessed as this would have increased the
participant burden considerably. The survey was aready quite
lengthy (75 min), which could have increased the chance of
poor quality answers at the end of the survey [52]. Three
versions of the questionnaire, in which the question were placed
in another order, were prepared and administered randomly
(except for the demographics, these were always presented first).

Conclusions

A more frequent use of a commercia nutrition app was
independently associated with healthier drinking habits in
adolescents, but with a higher zBMI. The interactive influence
of frequently using both fitness and nutrition apps, on the other
hand, was associated with a lower zZBMI and less hedthy
snacking habits. In addition, no evidence of mediation by key
determinants was found. Fitness and nutrition apps show some
association with healthier eating behaviors in adolescents, but
their potential for health promation could probably be enhanced
by incorporating more (effective) behavior change techniques.
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Implications and Future Research

The present study was a first attempt to map adolescents’ use
of commercia health apps and to investigate the relation of
using these apps with adolescents’ health status in terms of
snacking and drinking habits and BMI. Further research is
needed to more fully comprehend adolescents’ motivesfor using
and downloading such apps. Future research should also
continue to explore adolescents' use of commercial nutrition
and fitness to determine the possible usefulness of the current
fitness and nutrition apps for heath promotion among
adolescents.

Better understanding of commercial fitness and nutrition app
use in adolescents can also guide efforts to develop effective
smartphone interventions for healthy lifestyles. In addition to
further researching the mechanisms of actions, future studies
could also explore what features of commercial appsare deemed

De Cock et al

effective and liked by adolescents. Evidence from adults
[10,13,26,53] in this regard cannot be extended to adol escents,
as adolescents have different preferences and need different
behavior change techniques than adults[12].

The demand for apps that promote healthy habits is high and
these apps are assumed to have asubstantial potential for health
promotion initiatives. At this point, however, few effective
theory-based apps are available on the app market, especially
for adolescents. Public health professional s and app devel opers
should collaborate to design more theory-based appsto be used
in health promotion and fulfill the needs of the population [29].
Future research should thus focus on devel oping such apps, by
tranglating and incorporating the already identified effective
behavior change techniques into mobile apps and conducting
experimental trials to investigate their effectiveness on the
behavior of interest and its related determinants [29,31].

Acknowledgments

This study was supported by the Agency for Innovation by Science and Technology (IWT) of Flanders (Belgium). The sponsors
were not involved in the study design, collection, analysis, or interpretation of the data. The first and corresponding author had
accessto all dataat all timesand had thefinal responsibility to submit the manuscript for publication. Data collection was assisted
by several students: Tom Van Ransbeek, Kelly Marsoul, Marlies Claeys, Shana Fontaine, and Sarina Horemans.

Authors Contributions

NDC conducted research, conducted the analyses, and wrote the paper. JV conducted research and hel ped write the paper. WVL
conducted research and helped revise the manuscript. LG, LV, CL, KB, SE, SD, LM, JVC, CB, and PK designed research and
helped revise the manuscript. All authors read and approved the final manuscript.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Associations between zBMI, healthy snack ratio, healthy beverage ratio, and fitness and nutrition app use frequency.

[PDF File (Adobe PDF File), 49KB - mhealth_v5i4e58 appl.pdf |

References

1. DeCock N, Van Lippevelde W, Vervoort L, Vangedl J, MaesL, Eggermont S, et al. Sensitivity to reward is associated
with snack and sugar-sweetened beverage consumption in adolescents. Eur J Nutr 2016 Jun;55(4):1623-1632. [doi:
10.1007/s00394-015-0981-3] [Medline: 26163856]

2. Kushner RF, Choi SW. Prevalence of unhealthy lifestyle patterns among overweight and obese adults. Obesity (Silver
Spring) 2010 Jun;18(6):1160-1167 [FREE Full text] [doi: 10.1038/0by.2009.376] [Medline: 19875995]

3. ErvinCSs, Little RE, Streissguth AP, Beck DE. Alcoholic fathering and itsrelation to child's intellectual development: a
pilot investigation. Alcohol Clin Exp Res 1984;8(4):362-365. [Medline: 6385758]

4. Berkey CS, Rockett HR, Field AE, Gillman MW, Frazier AL, Camargo CA, et a. Activity, dietary intake, and weight
changesin alongitudinal study of preadolescent and adolescent boys and girls. Pediatrics 2000 Apr;105(4):E56. [Medline:
10742377]

5. PhillipsSM, Bandini LG, NaumovaEN, Cyr H, Colclough S, Dietz WH, et al. Energy-dense snack food intake in adolescence:
longitudinal relationship to weight and fatness. Obes Res 2004 Mar;12(3):461-472 [FREE Full text] [doi:
10.1038/0by.2004.52] [Medline: 15044663]

6. Niesen SJ, Popkin BM. Changes in beverage intake between 1977 and 2001. Am J Prev Med 2004 Oct;27(3):205-210.
[doi: 10.1016/j.amepre.2004.05.005] [Medline: 15450632]

7. Lasater G, Piernas C, Popkin BM. Beverage patterns and trends among school-aged children in the US, 1989-2008. Nutr
J2011;10:103 [FREE Full text] [doi: 10.1186/1475-2891-10-103] [Medline: 21962086]

8. DavisMM, Gance-Cleveland B, Hassink S, Johnson R, Paradis G, Resnicow K. Recommendations for prevention of
childhood obesity. Pediatrics 2007 Dec;120 Suppl 4:S229-S253. [doi: 10.1542/peds.2007-2329E] [Medline: 18055653]

http://mhealth.jmir.org/2017/4/e58/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €58 | p.102

(page number not for citation purposes)


mhealth_v5i4e58_app1.pdf
mhealth_v5i4e58_app1.pdf
http://dx.doi.org/10.1007/s00394-015-0981-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26163856&dopt=Abstract
http://dx.doi.org/10.1038/oby.2009.376
http://dx.doi.org/10.1038/oby.2009.376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19875995&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6385758&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10742377&dopt=Abstract
http://dx.doi.org/10.1038/oby.2004.52
http://dx.doi.org/10.1038/oby.2004.52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15044663&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2004.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15450632&dopt=Abstract
http://nutritionj.biomedcentral.com/articles/10.1186/1475-2891-10-103
http://dx.doi.org/10.1186/1475-2891-10-103
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21962086&dopt=Abstract
http://dx.doi.org/10.1542/peds.2007-2329E
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18055653&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH De Cock et d

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Martens MK, van AP, Brug J. Why do adol escents eat what they eat? personal and social environmental predictors of fruit,
snack and breakfast consumption among 12-14-year-old Dutch students. Public Health Nutr 2005 Dec;8(8):1258-1265.
[Medline: 16372921]

Gowin M, Cheney M, Gwin S, Franklin Wann T. Health and fitness app use in college students: a qualitative study. Am J
Health Stud 2015 Jul 06;46(4):223-230. [doi: 10.1080/19325037.2015.1044140]

Burrows TL, Khambalia AZ, Perry R, Carty D, Hendrie GA, Allman-Farinelli MA, et a. Great ‘app-eal’ but not there yet:
areview of iPhone nutrition applications relevant to child weight management. Nutr Diet 2015 Apr 16;72(4):363-367. [doi:
10.1111/1747-0080.12184]

Brannon EE, Cushing CC. A systematic review: isthere an app for that? Trand ational science of pediatric behavior change
for physical activity and dietary interventions. J Pediatr Psychol 2015 May;40(4):373-384. [doi: 10.1093/jpepsy/jsul08]
[Medline: 25502745]

Krebs P, Duncan DT. Health app use among us mobile phone owners: a national survey. IMIR Mhealth Uhealth
2015;3(4):e101 [FREE Full text] [doi: 10.2196/mhealth.4924] [Medline: 26537656]

Middelweerd A, Mollee JS, van der Wal CN, Brug J, Te Velde SJ. Apps to promote physical activity among adults: a
review and content analysis. Int J Behav Nutr Phys Act 2014;11:97 [FREE Full text] [doi: 10.1186/s12966-014-0097-9]
[Medline: 25059981]

Azar KM, Lesser LI, Laing BY, Stephens J, AuroraMS, Burke LE, et a. Mobile applications for weight management:
theory-based content analysis. Am J Prev Med 2013 Nov;45(5):583-589. [doi: 10.1016/j.amepre.2013.07.005] [Medline:
24139771]

AppBrain. Most popular Google Play categories URL: http://www.appbrain.com/stats/androi d-market-app-categories
[accessed 2016-10-05] [WebCite Cache ID 6l1ugqCtgZ]

Pocketgamer. Categories URL : http://www.pocketgamer.biz/metrics/app-store/categories [accessed 2016-10-05] [WebCite
Cache ID 6l1usAyXE]

LitmanL, RosenZ, Spierer D, Weinberger-Litman S, Goldschein A, Robinson J. Mobile exercise apps and increased leisure
time exercise activity: a moderated mediation analysis of the role of self-efficacy and barriers. JMed Internet Res
2015;17(8):e195 [FREE Full text] [doi: 10.2196/jmir.4142] [Medline: 26276227]

Bert F, Giacometti M, Gualano MR, Siliquini R. Smartphones and health promotion: areview of the evidence. JMed Syst
2014 Jan;38(1):9995. [doi: 10.1007/s10916-013-9995-7] [Medline: 24346929]

Direito A, Jiang Y, Whittaker R, Maddison R. Apps for improving fithess and increasing physical activity among young
people: the AIMFIT pragmatic randomized controlled trial. JMed Internet Res 2015;17(8):€210 [FREE Full text] [doi:
10.2196/jmir.4568] [Medline: 26316499]

Kontos E, Blake KD, Chou WS, Prestin A. Predictors of eHealth usage: insights on the digital divide from the health
information national trends survey 2012. J Med Internet Res 2014;16(7):e172 [FREE Full text] [doi: 10.2196/jmir.3117]
[Medline: 25048379]

Apestaartjaren. Onderzoeksrapport apestaartjaren 6 URL : https://www.apestaartjaren.be/onderzoek/apestaartjaren-6 [accessed
2016-10-05] [WebCite Cache ID 611vDt16U]

Schoffman DE, Turner-McGrievy G, Jones SJ, Wilcox S. Mobile apps for pediatric obesity prevention and treatment,
healthy eating, and physical activity promotion: just fun and games? Transl Behav Med 2013 Sep;3(3):320-325 [FREE
Full text] [doi: 10.1007/s13142-013-0206-3] [Medline: 24073184]

Direito A, Dale LP, ShieldsE, Dobson R, Whittaker R, Maddison R. Do physical activity and dietary smartphone applications
incorporate evidence-based behaviour change techniques? BMC Public Health 2014;14:646 [FREE Full text] [doi:
10.1186/1471-2458-14-646] [Medline: 24965805]

DalingaJM, MennesM, Alpay L, Bijwaard H, delaFaille-Deutekom MB. App use, physical activity and healthy lifestyle:
across sectiona study. BMC Public Health 2015 Aug;15:833 [FREE Full text] [doi: 10.1186/s12889-015-2165-8] [Medline:
26316060]

Wang Q, Egelandsdal B, Amdam GV, Almli VL, Oostindjer M. Diet and physical activity apps: perceived effectiveness
by app users. IMIR Mhealth Uhealth 2016;4(2):€33 [FREE Full text] [doi: 10.2196/mhealth.5114] [Medline: 27056639]
DiFilippo KN, Huang W, Andrade JE, Chapman-Novakofski KM. The use of mobile apps to improve nutrition outcomes:
asystematic literature review. J Telemed Telecare 2015 Jul;21(5):243-253. [doi: 10.1177/1357633X 15572203] [Medline:
25680388]

Johnston C, Thompson-Felty C. Adherence to daily diet monitoring using one of three commercial diet apps via smart
phones was associated with significant weight loss in healthy overweight adults irrespective of the diet app. The FASEB
Journal 215;29:597-598 [FREE Full text]

Pagoto S, Schneider K, Jojic M, DeBiasse M, Mann D. Evidence-based strategies in weight-loss mobile apps. Am J Prev
Med 2013 Nov;45(5):576-582. [doi: 10.1016/j.amepre.2013.04.025] [Medline: 24139770]

Wiederhold BK. Behaviora health apps abundant, but evidence-based research nearly nonexistent. Cyberpsychol Behav
Soc Netw 2015 Jun;18(6):309-310. [doi: 10.1089/cyber.2015.29001.bkw] [Medline: 26075916]

http://mhealth.jmir.org/2017/4/e58/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €58 | p.103

(page number not for citation purposes)


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16372921&dopt=Abstract
http://dx.doi.org/10.1080/19325037.2015.1044140
http://dx.doi.org/10.1111/1747-0080.12184
http://dx.doi.org/10.1093/jpepsy/jsu108
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25502745&dopt=Abstract
http://mhealth.jmir.org/2015/4/e101/
http://dx.doi.org/10.2196/mhealth.4924
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26537656&dopt=Abstract
http://www.ijbnpa.org/content/11//97
http://dx.doi.org/10.1186/s12966-014-0097-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25059981&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2013.07.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139771&dopt=Abstract
http://www.appbrain.com/stats/android-market-app-categories
http://www.webcitation.org/6l1uqCtgZ
http://www.pocketgamer.biz/metrics/app-store/categories
http://www.webcitation.org/6l1us4yXE
http://www.webcitation.org/6l1us4yXE
http://www.jmir.org/2015/8/e195/
http://dx.doi.org/10.2196/jmir.4142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26276227&dopt=Abstract
http://dx.doi.org/10.1007/s10916-013-9995-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24346929&dopt=Abstract
http://www.jmir.org/2015/8/e210/
http://dx.doi.org/10.2196/jmir.4568
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316499&dopt=Abstract
http://www.jmir.org/2014/7/e172/
http://dx.doi.org/10.2196/jmir.3117
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25048379&dopt=Abstract
https://www.apestaartjaren.be/onderzoek/apestaartjaren-6
http://www.webcitation.org/6l1vDt16U
http://europepmc.org/abstract/MED/24073184
http://europepmc.org/abstract/MED/24073184
http://dx.doi.org/10.1007/s13142-013-0206-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073184&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/646
http://dx.doi.org/10.1186/1471-2458-14-646
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24965805&dopt=Abstract
http://bmcpublichealth.biomedcentral.com/articles/10.1186/s12889-015-2165-8
http://dx.doi.org/10.1186/s12889-015-2165-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26316060&dopt=Abstract
http://mhealth.jmir.org/2016/2/e33/
http://dx.doi.org/10.2196/mhealth.5114
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27056639&dopt=Abstract
http://dx.doi.org/10.1177/1357633X15572203
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25680388&dopt=Abstract
http://www.fasebj.org/content/29/1_Supplement/597.8.short
http://dx.doi.org/10.1016/j.amepre.2013.04.025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24139770&dopt=Abstract
http://dx.doi.org/10.1089/cyber.2015.29001.bkw
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26075916&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH De Cock et d

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

West JH, Hall PC, Hanson CL, Barnes MD, Giraud-Carrier C, Barrett J. There's an app for that: content analysis of paid
health and fitness apps. J Med Internet Res 2012 May 14;14(3):e72 [FREE Full text] [doi: 10.2196/jmir.1977] [Medline:
22584372]

McClain AD, Chappuis C, Nguyen-Rodriguez ST, Yaroch AL, Spruijt-Metz D. Psychosocial correlates of eating behavior
in children and adolescents: areview. Int JBehav Nutr Phys Act 2009;6:54 [FREE Full text] [doi: 10.1186/1479-5868-6-54]
[Medline: 19674467)

Scaglioni S, Arrizza C, Vecchi F, Tedeschi S. Determinants of children's eating behavior. Am J Clin Nutr 2011 Dec;94(6
Suppl):2006S-2011S [FREE Full text] [doi: 10.3945/ajcn.110.001685] [Medline: 22089441]

Pearson N, Ball K, Crawford D. Predictors of changes in adolescents' consumption of fruits, vegetables and energy-dense
snacks. Br J Nutr 2011 Mar;105(5):795-803. [doi: 10.1017/S0007114510004290] [Medline: 20969810]

Vereecken C, DeHS, MaesL, Moreno L, ManiosY, Phillipp K, et al. Reliability and validity of ahealthy diet determinants
guestionnairefor adolescents. Public Health Nutr 2009 Oct;12(10):1830-1838. [doi: 10.1017/S1368980008004655] [Medline:
19195423]

Story M, Neumark-Sztainer D, French S. Individual and environmental influences on adolescent eating behaviors. JAm
Diet Assoc 2002 Mar;102(3 Suppl):S40-S51. [Medline: 11902388]

O'deaJA. Why do kids eat healthful food? perceived benefits of and barriersto healthful eating and physical activity among
children and adolescents. JAm Diet Assoc 2003 Apr;103(4):497-501. [doi: 10.1053/jada.2003.50064] [Medline: 12669014]
Rewardstudy. URL: http://www.rewardstudy.be/ [accessed 2016-10-05] [WebCite Cache ID 611wDxEzul]

De Cock N, Van Camp J, Kolsteren P, Lachat C, HuybregtsL, MaesL, et al. Development and validation of a quantitative
snack and beverage food frequency questionnaire for adolescents. JHum Nutr Diet 2017;30(2):141-150. [doi:
10.1111/jhn.12411]

Malik VS, Schulze MB, Hu FB. Intake of sugar-sweetened beverages and weight gain: a systematic review. Am JClin
Nutr 2006 Aug;84(2):274-288 [FREE Full text] [Medline: 16895873]

Rodriguez G, Moreno LA. Isdietary intake able to explain differences in body fatness in children and adolescents? Nutr
Metab Cardiovasc Dis 2006 May;16(4):294-301. [doi: 10.1016/j.numecd.2005.08.005] [Medline: 16679222]
Departement of public health. 2011. Nutrient Profiling Technical Guidance URL : https.//www.gov.uk/government/upl oads/
system/upl oads/attachment_data/file/216094/dh_123492.pdf [WebCite Cache ID 6hNrjd7x0Q]

Eggermont S. Developmental changes in adolescents' television viewing habits: longitudinal tragjectories in a three-wave
panel study. J Broadcast Electron 2006 Dec;50(4):742-761. [doi: 10.1207/s15506878jobem5004_10]

van Stralen M, te Velde SJ, Singh AS, De Bourdeaudhuij |, Martens MK, van der Sluis M, et al. European energy balance
research to prevent excessive weight gain among youth (energy) project: design and methodol ogy of the energy cross-sectional
survey. BMC Public Health 2011;11:65 [FREE Full text] [doi: 10.1186/1471-2458-11-65] [Medline: 21281466]

Roelants M, Hauspie R, Hoppenbrouwers K. References for growth and pubertal development from birth to 21 yearsin
Flanders, Belgium. Ann Hum Biol 2009;36(6):680-694. [doi: 10.3109/03014460903049074] [Medline: 19919503]
ColeTJ, Lobstein T. Extended international (IOTF) body mass index cut-offs for thinness, overweight and obesity. Pediatr
Obes 2012 Aug;7(4):284-294. [doi: 10.1111/j.2047-6310.2012.00064.x] [Medline: 22715120]

Preacher KJ. Multilevel SEM strategies for evaluating mediation in three-level data. Multivariate Behav Res 2011 Jul
29;46(4):691-731. [doi: 10.1080/00273171.2011.589280] [Medline: 26741527]

Preacher KJ, Zyphur MJ, Zhang Z. A general multilevel SEM framework for assessing multilevel mediation. Psychol
Methods 2010 Sep;15(3):209-233. [doi: 10.1037/a0020141] [Medline: 20822249)]

Kenny R, Dooley B, Fitzgerald A. Developing mental health mobile apps: Exploring adolescents' perspectives. Health
Informatics J 2016 Jun;22(2):265-275. [doi: 10.1177/1460458214555041] [Medline: 25385165]

Schnall R, Okoniewski A, TiaseV, Low A, Rodriguez M, Kaplan S. Using text messaging to assess adolescents' health
information needs: an ecological momentary assessment. JMed Internet Res 2013 Mar 06;15(3):e54 [ FREE Full text] [doi:
10.2196/jmir.2395] [Medline: 23467200]

Europa. mhealth URL : https://ec.europa.eu/digital-single-market/en/mhealth [accessed 2016-10-19] [WebCite Cache ID
6INANIWZ3]

Galesic M, Bosnjak M. Effects of questionnaire length on participation and indicators of response quality in aweb survey.
Public Opin Q 2009 May 28;73(2):349-360. [doi: 10.1093/pog/nfp031]

Serrano KJ, Yu M, CoaKl, Collins LM, Atienza AA. Mining health app datato find more and less successful weight loss
subgroups. JMed Internet Res 2016 Jun 14;18(6):e154 [FREE Full text] [doi: 10.2196/jmir.5473] [Medline: 27301853]

Abbreviations

AIC: Akaike information criterion

BM1: body mass index

FFQ: food frequency questionnaire

GSEM: generalized structural equation modeling
MSEM: multilevel structural equation modeling

http://mhealth.jmir.org/2017/4/e58/ JMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €58 | p.104

(page number not for citation purposes)


http://www.jmir.org/2012/3/e72/
http://dx.doi.org/10.2196/jmir.1977
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22584372&dopt=Abstract
http://ijbnpa.biomedcentral.com/articles/10.1186/1479-5868-6-54
http://dx.doi.org/10.1186/1479-5868-6-54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19674467&dopt=Abstract
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=22089441
http://dx.doi.org/10.3945/ajcn.110.001685
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22089441&dopt=Abstract
http://dx.doi.org/10.1017/S0007114510004290
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20969810&dopt=Abstract
http://dx.doi.org/10.1017/S1368980008004655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19195423&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11902388&dopt=Abstract
http://dx.doi.org/10.1053/jada.2003.50064
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12669014&dopt=Abstract
http://www.rewardstudy.be/
http://www.webcitation.org/6l1wDxEzu
http://dx.doi.org/10.1111/jhn.12411
http://www.ajcn.org/cgi/pmidlookup?view=long&pmid=16895873
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16895873&dopt=Abstract
http://dx.doi.org/10.1016/j.numecd.2005.08.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16679222&dopt=Abstract
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/216094/dh_123492.pdf
https://www.gov.uk/government/uploads/system/uploads/attachment_data/file/216094/dh_123492.pdf
http://www.webcitation.org/6hNrjd7x0
http://dx.doi.org/10.1207/s15506878jobem5004_10
http://bmcpublichealth.biomedcentral.com/articles/10.1186/1471-2458-11-65
http://dx.doi.org/10.1186/1471-2458-11-65
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21281466&dopt=Abstract
http://dx.doi.org/10.3109/03014460903049074
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19919503&dopt=Abstract
http://dx.doi.org/10.1111/j.2047-6310.2012.00064.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22715120&dopt=Abstract
http://dx.doi.org/10.1080/00273171.2011.589280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26741527&dopt=Abstract
http://dx.doi.org/10.1037/a0020141
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20822249&dopt=Abstract
http://dx.doi.org/10.1177/1460458214555041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25385165&dopt=Abstract
http://www.jmir.org/2013/3/e54/
http://dx.doi.org/10.2196/jmir.2395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23467200&dopt=Abstract
https://ec.europa.eu/digital-single-market/en/mhealth
http://www.webcitation.org/6lN4NIWz3
http://www.webcitation.org/6lN4NIWz3
http://dx.doi.org/10.1093/poq/nfp031
http://www.jmir.org/2016/6/e154/
http://dx.doi.org/10.2196/jmir.5473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27301853&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH De Cock et d

zBMI: body massindex z-score

Edited by G Eysenbach; submitted 27.05.16; peer-reviewed by D Jake-Schoffman, M Dinleyici; comments to author 25.08.16; revised
version received 19.10.16; accepted 29.01.17; published 25.04.17.

Please cite as:

De Cock N, Vangedl J, Lachat C, Beullens K, Vervoort L, Goossens L, Maes L, Deforche B, De Henauw S, Braet C, Eggermont S,
Kolsteren P, Van Camp J, Van Lippevelde W

Use of Fitness and Nutrition Apps. Associations Wth Body Mass Index, Shacking, and Drinking Habits in Adolescents

JMIR Mhealth Uhealth 2017;5(4): €58

URL: http://mhealth.jmir.org/2017/4/€58/

doi: 10.2196/mhealth.6005

PMID: 28442455

©Nathalie De Cock, Jolien Vanged!, Carl Lachat, Kathleen Beullens, Leentje Vervoort, Lien Goossens, Lea Maes, Benedicte
Deforche, Stefaan De Henauw, Caroline Braet, Steven Eggermont, Patrick Kolsteren, John Van Camp, Wendy Van Lippevelde.
Originaly published in IMIR Mhealth and Uhealth (http://mhealth.jmir.org), 25.04.2017. Thisis an open-access article distributed
under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0/), 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, alink to the original publication on http://mhealth.jmir.org/,
aswell asthis copyright and license information must be included.

http://mhealth.jmir.org/2017/4/e58/ JMIR Mhealth Uhealth 2017 | vol. 5| iss. 4 | €58 | p.105
(page number not for citation purposes)

RenderX


http://mhealth.jmir.org/2017/4/e58/
http://dx.doi.org/10.2196/mhealth.6005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28442455&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH lacoviello et &

Original Paper

Clickotine, A Personalized Smartphone App for Smoking
Cessation: Initial Evaluation

Brian M lacoviello"?, PhD; Joshua R Steinerman’, MD; David B Klein', BA; Theodore L Silver', MBA; Adam G
Berger’, BS; Sean X Luo', MD, PhD; Nicholas J Schork™*, PhD

IClick Therapeutics, Inc., New York, NY, United States
2Department of Psychiatry, Icahn School of Medicine at Mount Sinai, New York, NY, United States
3The Trandational Genomics Research Institute, Phoenix, AZ, United States

Corresponding Author:

Brian M lacoviello, PhD

Click Therapeutics, Inc.

101 Avenue of the Americas

8th Floor

New York, NY, 10013

United States

Phone: 1 646 844 2158

Fax: 1 646 844 2158

Email: brian@clicktherapeutics.com

Abstract

Background: Tobacco smoking isthe leading cause of preventable death in the United States, and the annual economic burden
attributable to smoking exceeds US $300 billion. Obstacl esto smoking cessation include limited access and adherenceto effective
cessation interventions. Technology can help overcome these obstacles; many smartphone apps have been developed to aid
smoking cessation, but few that conform to the US clinical practice guideline (USCPG) have been rigorously tested and reported
in the literature. Clickotine is a novel smartphone app for smoking cessation, designed to deliver the essential features of the
USCPG and engineered to engage smokers by personalizing intervention components.

Objective:  Our objective was to assess the engagement, efficacy, and safety of Clickotine in an initia, single-arm study.
Outcomes measured were indicators of engagement with the smartphone app (number of app opens, number of interactions with
the Clickotine program, and weeks active with Clickotine), cessation outcomes of 7- and 30-day self-reported abstinence from
smoking, and negative health events.

Methods: We recruited US residents between 18 and 65 years of age who owned an iPhone and smoked 5 or more cigarettes
daily for the study via online advertising. Respondents were prescreened for eligibility by telephone and, if appropriate, directed
to aWeb portal to provide informed consent, confirm eligibility, and download the Clickotine app. Participants completed study
assessments via the online portal at baseline and after 8 weeks. Data were collected in Amazon S3 with no manual data entry,
and accessto all data was maximally restrictive, logged, and auditable.

Results: A total of 416 participants downloaded the app and constituted the intention-to-treat (ITT) sample. On average,
participants opened the Clickotine app 100.6 times during the 8-week study (median 69), logged 214.4 interactions with the
Clickotine program (median 178), and remained engaged with Clickotine for 5.3 weeks (median 5). Among the ITT sample,
45.2% (188/416) reported 7-day abstinence and 26.2% (109/416) reported 30-day abstinence from smoking after 8 weeks.
Completer analysis focused on 365 (87.7%) of the 416 enrolled participants who completed the 8-week questionnaire revealed
that 51.5% (188/365) of completers reported 7-day abstinence and 29.9% (109/365) reported 30-day abstinence. Few adverse
events, mostly consistent with nicotine withdrawal symptoms, were reported and overall no safety signal was detected.

Conclusions: Inthisinitia single-arm trial, Clickotine users appeared to demonstrate encouraging indicators of engagement in
terms of the number of app opens, number of program interactions, and continued engagement over time. Clickotine usersreported
encouraging quit rates while reporting few adverse events. Future research is warranted to assess Clickaotine's efficacy in a
randomized controlled trial.

Trial Registration: Clinicaltrials.gov NCT02656745; https://clinicaltrial s.gov/ct2/show/NCT02656745 (Archived by WebCite
at http://www.webcitation.org/6peT T4x60)
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Introduction

The burden of mortality and disease from tobacco use in the
United States is extensive. According to the latest report of the
Surgeon General regarding the consequences of 50 years of
tobacco usein the United States, tobacco smoking istheleading
cause of preventable death [1]. Each year the numbers surpass
480,000 deaths; 16 million people live with diseases brought
on by smoking; secondhand smoke contributes to the death of
morethan 41,000 othersannually; and approximately 5.6 million
children alive today who are younger than 18 years will die
prematurely asaresult of smoking [2]. Itisestimated that 15%
of all Americans aged 18 or older smoke tobacco in someform
[3], with 9 out of 10 adult cigarette smokers developing a
tobacco use disorder before their 18th birthday [4]. Annually,
the total economic cost attributable to smoking is now over US
$300 billion, with US $170 billion in direct medical costs [5]
and US $156 billion in productivity losses[2].

In 2010, approximately 7 out of 10 adult cigarette smokers
expressed adesireto quit [6]. However, most quit attemptsfail:
only 3% to 5% of smokers maintain abstinence up to 1 year
after quitting [7]. On the other hand, dissemination and
accessibility of proven interventions continueto be limited. For
instance, cessation therapies are not always widely accessible
and, if they are, they tend to serve only a small population of
heavy smokers [7,8]. Furthermore, about 25% of patients
looking to stop smoking do not take prescribed medicine as
directed [9].

A solution to overcome these obstaclesis to develop cessation
programs that include effective quit plans with substantial
population-level impact and that better ensure long-term
adherence. New technol ogies constitute a promising opportunity
to do this at the lowest cost due to high population reach and
immediate accessibility [10,11]. A large assessment study in a
US cohort found that 76% of smokers own smartphones,
meaning smoking cessation apps could be accessible for most
smokers and are a worthwhile option to consider [12].
Consequently, in recent years, there has been a proliferation of
apps designed to help users quit smoking. In 2013, there were
400 smoking cessation smartphone apps availablein the United
States, with over 3.2 million downloads in the United States
alone [13], but only a small number of these apps [14] appear
tofollow the USclinical practice guideline (USCPG) on treating
tobacco use and dependence [15]. Although the effectiveness
of many available smartphone apps for smoking cessation does
not appear to have been rigorously tested or reported, efficacy
studies of several recently devel oped apps have been published
(for example, apps that deliver Acceptance and Commitment
Therapy components [16], or text message-based apps that
provide support and interaction [17]). However, arecent review
of the content included in smartphone apps for smoking
cessation revealed that most of those evaluated did not include
behavior change techniquesthat have been shown to be effective

http://mhealth.jmir.org/2017/4/e56/

in smoking cessation interventions [18], and most available
apps are not customized to userS needs or persona
characteristics[19]. Thus, the devel opment of smartphone apps
to deliver smoking cessation interventions appears to be
warranted, given the demonstrated need for such toolsand early
evidence that these apps can be efficaciousif they are designed
to include empirically supported behavior change techniques.

Clickotineisanovel smartphone app, designed and engineered
to deliver essential features of the USCPG that are amenableto
delivery via an app (advise and encourage to quit; assess
willingness to quit and enhance motivation; assist with quit
planning and connect with intervention, including advice on
pharmacotherapy, connection with counseling and medication
treatments, provision of social support, and connection with a
quitline; and arrange or provide follow-up) [15]. Through a
series of missions and interactions with the app, Clickotine
deliversthesefeatures, aswell asempirically supported smoking
cessation intervention components (see App Description section
below for adescription of the Clickotine program and empirical
support). The USCPG also recommends personalizing these
features as much as possible to maximize their efficacy. An
adaptive proprietary technology platform, Clickometrics, was
engineered to enhance engagement by personalizing the smoking
cessation intervention components that are delivered. This
innovative program is hypothesized to help individuals quit
smoking safely and effectively.

In this paper, we report initial results of an 8-week single-arm
clinical trial, in which we enrolled 416 participants to assess
the engagement and efficacy of Clickotine. Engagement with
an app isimportant to evaluate in preliminary studies, as these
interventions will only exert an effect if the users actually use
them. High attrition rates are often observed for mobile health
apps, potentially limiting their effectiveness [20,21], and
discontinuation of smartphone app use is a problem:
approximately 26% of app users discontinue after one use, and
74% discontinue by the 10th use[22]. Adherence to smartphone
interventions has been shown to predict smoking cessation [23].
It istherefore important to eval uate the engagement with novel
smartphone cessation apps in preliminary studies along with
efficacy. Indicators of engagement measured in this study were
the number of app opens, the number of interactions with the
Clickotine program components, and the number of weeks that
users remained active with the Clickotine program. In addition
to engagement, we also measured preliminary indicators of
efficacy, namely 7- and 30-day self-reported point prevalence
of abstinence from smoking, after 8 weeks.

Methods

We conducted an 8-week, single-arm clinical trial of Clickotine
(Click Therapeutics, Inc, New York, NY, USA). All study
procedureswerereviewed and approved by Western Ingtitutional
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Review Board (IRB) (Puyallup, WA, USA). The trial was
registered with clinicaltrials.gov (NCT02656745).

Participants

Tobeeligible, participantshad to be aged 18 to 65 years, smoke
at least five cigarettes daily, want to quit smoking in the next
30 days, own an iPhone with iOS 8 or higher capabilities, be
willing and ableto receive text messages, be ableto comprehend
the English language, live in the United States, and provide
informed consent. The study aimed to include participants who
were current daily smokers. We chose the daily cigarette cutoff
of 5to be consistent with other studies of comparable apps (eg,
Bricker et a [16]). We also included desire to quit smoking as
an inclusion criterion based on other cessation app studies
inclusion criteria(eg, Bricker et al [16]). However, we assumed
desire to quit based on participants responding to the digital
advertisement, and we asked them about it during the phone
screening call although we did not formally measureit.

Recruitment

We recruited potential participants from May to July 2016.
Digital advertisements were posted to social media outlets
(Facebook, Craigdlist, Twitter, Instagram, and Reddit), targeting
users who searched for “ quit smoking” where possible. Digital
advertisements contained |RB-approved copy: “Ready to quit?
We'reready to help. If you have an iPhone and want to become
smokefree while earning up to $100, we may have a great
solution for you.” The study director or a study team member
under his supervision contacted respondents by telephone to
prescreen for eligibility and, if appropriate, directed them to a
Web portal for the study. After providing online informed
consent and confirming eligibility, participants were sent an
email with a secure link to download the app. Providing
informed consent and downloading the app constituted
enrollment in the study; these respondents constituted the
intention-to-treat (ITT) sample for the study.

App Description

Clickotine adheresto the USCPG essentia content featuresfor
smoking cessation. The USCPG was developed for in-person
clinical settings and, as such, not al parts of the guideline will
apply for mobile phone apps [14]. In designing the Clickotine
program, we followed the parts of the guideline that are
appropriate and amenable for inclusion in adigital therapeutic
application: advise and encourage to quit; assesswillingnessto
quit and enhance motivation; assist with quit planning and
connect with intervention, including counsdling and medications,
advice on pharmacotherapy, provision of social support, and
connection with a quitline; and arrange or provide follow-up.
These USCPG features were developed in consideration of
empirical support for their efficacy. For advising and
encouraging to quit, evidence exists that even brief advice to
quit from a counselor or health care provider significantly
increases long-term smoking abstinence rates [24]. Support for
assessing willingness to quit and enhancing motivation exists,
asevidence suggeststhat avariety of motivational interventions
can increase motivation for behavior change, including smoking
cessation [25-27]. The effectiveness of encouragement and
support as part of smoking cessation treatment (assisting with
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quit planning and connecting with appropriate interventions) is
consistent with the literature regarding the importance of
providing a caring, empathic, and understanding context in
making health behavior changes [28-30]. Evidence for the
effectiveness of arranging and providing follow-up in smoking
cessation treatment also exists—the USCPG recommends that
assessments within the first week after quitting should be
encouraged, as these can minimize relapse in quitters or
encourage abstinence in prequitters [31,32].

Clickotine follows these important USCPG guidelines and
personalizes these as much as possible via the Clickometrics
platform, which is engineered to enhance engagement. Upon
downloading the Clickotine app to their iPhone, users are
prompted to create a user profile and answer a brief
guestionnaire on smoking behavior. The users then self-select
a quit date between 7 and 21 days after creating their user
profile. Based on the chosen quit date, personal characteristics,
and smoking characteristics (eg, name, age, sex, location, quit
motives, smoking history, and even the desired number of
messages per day as indicated by the user), users receive a
tailored plan of missions and messages. Within the context of
the USCPG features identified above, Clickotine delivers
intervention components that have demonstrated efficacy in
promoting smoking cessation: controlled breathing [33],
personalized messaging [34,35], social engagement [36],
encouragement of pharmacotherapy for cessation and of
medication adherence[37,38], and digital diversions, including
targeted strategiesto cope with cravings, withdrawal symptoms,
and lapses (such as reviewing positive moments or previous
successes in weathering cravings) [39]. Delivery of these
components in adherence to the USCPG results in a set of
interactions for the user: controlling breathing, using digital
diversions, logging cravings, receiving personalized messages,
responding to messages, participating with “quit teams,’
completing missions, logging sentiments and feelings, logging
cigarettes smoked, journaling, learning about and using quit
aids, and interacting with supporters linked through the app.
Table 1 demonstrates the relationship between the USCPG
features and the set of interactions experienced by the Clickotine
user, and Figure 1 provides representative screenshots of
Clickotine interactions. The Clickotine interaction categories
do not map 1-to-1 onto the USCPG features, and some
interaction categories apply to multiple USCPG features or
stages of the Clickotine program. For example, some Clickotine
missions are designed to advise and encourage quitting (eg,
learn about the hedlth effects of smoking), while others are
relevant for assessing willingness and enhancing motivation to
quit (eg, exploring the user’'s quit motives); interacting with
supporters is relevant for enhancing motivation to quit in the
early stages (eg, connecting with supporters in-app, sharing
your desire to quit, and asking for support), as well as being
part of cessation intervention in the later stage of the program
(eg, updating supporters on progress); and logging cravings or
cigarettes smoked can be amechanism for enhancing motivation
to quit and could also be acomponent of effectiveintervention.
Over the course of auser’s quit journey, in-app interactions are
emphasi zed until the quit date, whereas personalized messaging
is designed to become the primary engagement modality
following the quit date. In genera, in this study, we sent a
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minimum of 1 personalized message per day to participants as
long as they had not deleted the app. If participants responded
to a personalized message or completed a mission in response,
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they were more likely to receive another; thus, participants
received different numbers of personalized messages.

Table 1. USclinical practice guideline (USCPG) features and associated Clickotine interaction categories.

Guideline

Clickotine interaction category

Advise and encourage to quit

Assess willingness to quit and enhance motivation

Assist with quit planning and connect with intervention

Arrange or provide follow-up

Complete missions

Complete missions

Log sentiments and feelings
Participate with “quit teams”
Interact with supporters

Log cravings

Log smokes

Complete missions

Control breathing
Usedigital diversions
Participate with “ quit teams”
Interact with supporters
Writein ajournal

Learn about and use quit aid
Receive personalized messages
Respond to messages

Log cravings

Log smokes

Receive personalized messages
Respond to messages

Log cravings

Log smokes

Log sentiments and feelings

Data Collection

We collected baseline demographic and smoking characteristic
dataviaan online survey for participantswho met the eligibility
criteria and gave informed consent. We also collected data on
smoking behavior, aswell as engagement metricsincluding the
number of app opens and interactions with the Clickotine
program componentsin-app after downl oading. We administered
a Web-based outcome survey 8 weeks after enrollment and, in
return for compl eting the 8-week survey, provided participants
withaUS $25 Amazon gift certificate. Participantswere notified
to take the online survey via text message with a link to the
survey on day 53 (3 days before reaching 8 weeks after initial
consent). Each day thereafter until participants completed the
survey, up to 7 days after the target date, they were contacted
viatext message, email, or phone call. A sample text message
is: “Good Morning [name]! Your 8-week survey is ready! Fill
it out online to get your first Amazon gift card: http://xxxx.”
These in-app and online survey datawere collected in Amazon
Simple Storage Service (Amazon S3; Amazon Web Services,
Seattle, WA, USA) with no manual data entry, and access to
all datawas maximally restrictive, logged, and auditable.

A priori, the study data management plan defined 3 categories
of study team members. (1) participant-facing (having some
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interaction with participants; eg, recruitment or in-app), (2) data
team (maintai ning the study database), and (3) study |eadership
(not interacting directly with participants, and not having access
to the study database; only conducting analyses on relevant
variables provided by the data team after the database lock).
This means that access to data was restricted only to the
minimum set of actors in the minimal set of use cases needed
to complete the study. As per the approved study protocol, no
one outside of the designated data team had access to the data
and even the data team could not modify it. This procedure
follows the principle of least privilege [40]. This was just one
of the steps taken to ensure maxima objectivity and
transparency in this study conducted by the sponsor. Moreover,
the process that wrote the data from users to the database was
restricted to write only those files that were relevant to it and
had no ability to read data. All app and survey datawere stored
in an isolated network. All survey data were collected via
preprogrammed, automated processes, and all collected data
were immediately made immutable and could not be changed
by the sponsor. These procedures were approved by an
independent IRB and were designed and implemented to
minimize potential biases unconsciously introduced by the
sponsor, which might have influenced the study data.
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Figure 1. Examples of interactions with the Clickotine program (l€eft to right, beginning at top): choose a quit date; log cravings; mission: share quit
date with supporters; learn about quit aids; control breathing; receive a personalized message.

asses T 11:27AM 100% -

Choosing a Quit Date

Now that we know who you are, it's time o
gel to the fun stuff: making your personalized
quit plan! We'd like you to commiit to a date in

the near future by which you will be
completely smoke-frea. Don't worry, we'll help
prap you for your quit data,

e erizon T 224 PM son .

ge

What is a Quit Aid?

Nicotine Replacement Therapy

Prescription Medications (talk 1o your doctar)

ve with Clickotine

weeco T 11:27TAM 100%

Share your quit date

Choose peaple you care about and let them
know you are quitting

Invite any or all of these people as
supporters through Clickotine

strateq
the baby on the
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John, you've identified stress at work as one of

feel stress lay your decision to
smoke and tap here to complete a breathing
exercise: ¢1101.///breathing 10 help de-stress.

slide to unloc
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\x J
M easurements Engagement
) o We measured engagement with the smartphone app in three
Baseline Characteristics

We ascertained baseline demographic characteristics (age, sex,
race/ethnicity) and smoking characteristics (years smoking,
number of cigarettes smoked per day) viaquestionsinthe online
survey. Baseline nicotine dependence level was measured using
the Fagerstr m Test for Nicotine Dependence [41], administered
in the online survey upon study enrollment.
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ways: the number of app opens; the number of interactionswith
program components beyond app opens (see App Description
above); and the number of weeks in which the user remained
actively engaged with Clickotine (defined ashaving at least one
interaction with the program in the week, other than passive
receipt of a message). App opens is a standard and important
metric for measuring engagement with adigital therapeutic, for
smoking cessation [42] or other indications. App opens could
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betallied over the course of the entire 8-week study. Clickotine
interactions could also be tallied over the entire course of the
study, acrossthe categoriesin total and by category (controlling
breathing, using digital diversions, logging cravings, receiving
personalized messages, responding to messages, participating
with “ quit teams,” compl eting missions, logging sentiments and
feelings, logging cigarettes smoked, journaling, learning about
and using quit aids, and interacting with supporters linked
through the app). It was not possible to confirm that a user read
apersonalized message, so the count for “receiving personaized
messages’ isthe number of personalized messagesthe user was
sent.

Smoking Cessation

To detect asignal for smoking cessation in this short-term trial,
the 8-week questionnaire assessed self-reported 7-day and
30-day point prevalence abstinence [43-45]. Self-reported
smoking is a standard method for assessing the efficacy of
low-intensity interventions [46,47], which we used in this study.
Users answered the following question for 7- and 30-day time
frames: “Have you smoked (even a puff) in the last [7 or 30]
days?”’

Medical Monitoring

Negative health events were ascertained via spontaneous report
by users in-app and via proactive ascertainment by a focused
guestion in the week-8 questionnaire: “At any point during the
study did you experience anegative health event?’ All negative
health events reported were sent to the medical monitor for
evaluation. Themedical monitor assessed each event and, when
needed in order to comprehensively assess and document
reported events, requested additional information from study
team membersin contact with the participant. All eventsjudged
to be clinically significant by the medica monitor were
considered to be adverse events. The medical monitor also
determined relatedness to Clickotine (possibly related, not
related) based on all availableinformation and clinical judgment.
The intervention confers minimal risk and, other than referral
when appropriate, we delivered no medical intervention.

Data Analysis

We cal cul ated descriptive stati stics to estimate engagement with
the app and smoking cessation rates. Engagement was quantified
inthree ways: the number of app opens during the 8-week study,
the number of Clickotine program interactions experienced by
the user (in total, and for each interaction category), and the
number of weeks the user remained actively engaged with
Clickotine. We estimated population-level engagement as the
mean (SD) values across participants or median (interquartile
range) valuesfor instances of nonnormally distributed variables.
Smoking abstinence rates were calculated as the proportion of
the ITT sample that self-reported not smoking, not even a puff,
for at least 7 days and at least 30 days at the 8-week study end
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point. InthisITT analysis, nonresponders to the 8-week survey
wereimputed as smokers. Thismethod has been showntoyield
potentially biased results, by potentially inflating the proportion
of smokers compared with a completer analysis [48]. Despite
the potential for bias in smoking cessation trials, this method
for ITT analysis is expected for traditional clinical trials and
was conducted in this study. However, we also conducted
completer analyses on the sample that completed the 8-week
outcome survey for comparison with the ITT results.

We conducted post hoc analyses using logistic regression, due
to the nonnormal distributions of most of the predictor variables
and the dichotomous outcome variables, to explore associations
between baseline characteristics and engagement indicators,
between baseline characteristics and cessation outcomes, and
between engagement indicators and cessation outcomesin this
sample. As these were exploratory, hypothesis-generating
analyses, we evaluated each independent variable (baseline sex,
age, race/ethnicity, nicotine dependence level, years smoked,
cigarettes per day, and number of previous quit attempts) as a
predictor in a separate model, with app opens, Clickotine
interactions, and number of weeks active dichotomized into
high/low groups according to median split. We corrected critical
P values for multiple comparisons familywise (eg, .05/7=.007
for the analyses of 7 baseline predictors of each engagement
indicator). Similar models were run with 7-day and 30-day
cessation asthe binary outcome to explore associ ations between
baseline characteristics and outcomes, with the same P value
correction (.05/7). Logistic regression analyses were aso
conducted with app opens, Clickotine interaction counts, and
active week countsin separate model s as engagement predictors
of cessation outcomes, with P values corrected for 3
comparisons for each outcome (.05/3=.02). Visua inspection
and analyses were conducted using IBM SPSS Statistics for
Mac version 24.0 software (IBM Corporation).

Results

Recruitment and Study Enrollment

After 63 days of social media advertising and recruitment, we
received 2050 contacts and conducted 617 tel ephone prescreens
of potentially eligible participants. Many of the 2050
respondents did not schedule or respond to the prescreening
call. Screening calls were conducted with participants until
approximately 600 were completed, which was the target to
yield a targeted ITT sample of >400. This resulted in 452
participantsinvited to provide onlineinformed consent and who
were emailed a secure link to download the app. Of these, 416
participants ultimately downloaded the app and constituted the
ITT population. Of the 416 participantsinthe ITT sample, 365
completed the 8-week outcome questionnaire, yielding an 87.7%
retention rate. Figure 2 depicts the study flow diagram for this
trial.
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Figure 2. Study flow diagram. ITT: intention-to-treat.
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Responded to digital
advertisement (N=2050)

Did not schedule follow-up
call or did not complete
scheduled call (n=1433)

Screened (n=617)

Not appropriate for study (eg,
did not own iPhone) (n=165)

Consented (n=452)

Did not download app (n=36)

Enrolled (ITT sample; n=416)

Lost to follow-up (n=49)
Withdrew consent (n=2)

8-week follow-up (study
completers; n=365)

Table 2 provides the demographic and smoking characteristics
of the study sample. At baseline, this sample reported a high
degree of nicotine dependence: the mean score on the Fagerstr m
Test for Nicotine Dependence was 6.1 (SD 2.2), which fallsin
the high range for nicotine dependence (scores between 6 and
7) [49]. On average, participants had been smoking for 18.1
(SD 10.6) years, and were smoking 16.7 (SD 7.8) cigarettes per
day. At baseline, 29 participants (7.0% of the | TT sample) were
using a pharmacotherapy smoking cessation aid (nicotine
replacement therapy or medication). At study outcome, 66
participants (15.9% of the ITT sample) were using a
pharmacotherapy smoking cessation aid (nicotine replacement
therapy or medication).

http://mhealth.jmir.org/2017/4/e56/
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Engagement Indicators

The distributions were significantly nonnormal for app opens
(Wy6=.773, P<.001), Clickotine program interactions
(Wy16=.809, P<.001), and the number of active weeks with
Clickotine (Wy;6=.892, P<.001) according to Shapiro-Wilk tests
of departure from normality. Table 3 provides the measures of
central tendency of these data: mean (SD), range, median, and
interquartile range. Table 4 describes the frequency with which
users encountered each interaction category, as well as the
proportion of program interactions each category represented.
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Table 2. Demographic and smoking characteristics of the study sample.
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Characteristics

Mean (SD) or n (%)

Demographics
Agein years, mean (SD) 36 (10.8)
Female, n (%) 247 (59.4)
Race/ethnicity, n (%)
White 315 (75.7)
Hispanic 37(8.9)
African American 22 (5.3)
Asian or Pacific Islander 11 (2.6)
Native American 5(1.2)
Other/no response 26 (6.3)
Smoking characteristics
Fagerstr m score, mean (SD) 6.1(2.2)
No. years smoking, mean (SD) 18.1 (10.6)
No. cigarettes per day, mean (SD) 16.7 (7.8)
No. of previous quit attemptsin past year, n (%)
0 88 (21.2)
1 119 (28.6)
>1 166 (39.9)
Did not respond 43 (10.3)
Table 3. Engagement indicators over the 8-week study period.
Indicator Mean (SD) Median Range Interquartile range
App opens 100.6 (98.2) 69.0 3-780 36.0-134.75
Clickotine program interactions 214.4 (158.4) 178.0 20-1213 110.25-273.0
Weeks active with Clickotine 5.3(24) 5.0 0-8 3.0-8.0
Table 4. Clickotine interactions by category over the 8-week study period.
Interaction category Mean (SD) % of total interactions Median Range Interquartile range
Receiving personalized messages 84.06 (44.87) 39.2 79.0 1-372 59-94.75
Logging cigarettes smoked 53.61 (73.78) 25.0 33.0 0-964 12-73
Completing missions 27.83 (22.48) 13.0 235 0-114 9-39
Logging cravings 15.09 (26.89) 7.0 5.0 0-224 2-15
Responding to messages 10.16 (24.12) 4.7 30 0-337 1-11
Controlling breathing 6.94 (10.49) 32 4.0 0-105 2-8
Journaling 4.42(7.78) 21 2.0 0-87 0-5
Participating with quit teams 3.52 (15.21) 16 0.0 0-171 0-0
Logging sentiments and feelings 2.66 (6.69) 12 0.0 0-76 0-2
Using digital diversions 2.54 (11.90) 12 0.0 0-211 0-1
Learning about and using quit aid 1.82(10.16) 0.9 0.0 0-165 0-1
Interacting with supporters 1.74 (4.04) 0.8 0.0 0-53 0-2
Total 214.4 (158.4)
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Cessation Outcomes

Table 5 summarizes the results of the ITT and completer
analyses of cessation outcomes. In the ITT sample (n=416), at
the end of the 8week study period, 45.2% (n=188) of
participants reported achieving 7-day abstinence and 26.2%
(n=109) of participants achieved 30-day abstinence. Among the
365 study completers, 51.5% (n=188) of participants reported
achieving 7-day abstinence and 29.9% (n=109) of participants
achieved 30-day abstinence. In this study, participants did not
appear to reliably providethein-app weekly smoking data. Only
47 of the 416 participants (11.3%) provided complete data in
the weekly cigarette counts; across all users, only 822 of the
3328 (24.7%) weekly cigarette counts were completed. Thus,
we derived smoking status from self-report in the baseline and
outcome surveys, and we did not use the in-app smoking data
in the analyses of cessation outcomes.

Safety Outcomes

Participants reported 4 negative health events spontaneously,
and reported an additional 32 in response to the focused safety
guestion in the 8-week questionnaire. Of these 36 negative
health events, 19 were considered clinically significant and
documented as adverse events. Of the 19 adverse events, 2 were
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considered possibly related to Clickotine use in the judgment
of the medical monitor (nightmare, depressed mood). The most
common adverse eventswerefatigue (reported by 3 participants)
and mood change (reported by 2 participants); no additional
adverse events occurred in more than 1 participant.

Associations Between Baseline Char acteristics,
Engagement Indicators, and Cessation Outcomes

Table 6 provides the results of the logistic regression analyses
of baseline characteristics predicting engagement indicators.
The only association surviving correction for multiple
comparisons was femal e sex predicting an increased likelihood
of being in the high app opens group.

Table 7 provides the results of the logistic regression analyses
of baseline characteristics predicting cessation outcomes. Older
age and greater number of years smoking appeared to predict
adecreased likelihood of reporting 7-day abstinence and 30-day
abstinence. Greater number of cigarettes smoked per day
predicted adecreased likelihood of reporting 30-day abstinence.

Table 8 provides the results of the logistic regression analyses
of engagement indicators predicting cessation outcomes. Greater
number of weeks active with Clickotine was associated with an
increased likelihood of reporting 7-day and 30-day abstinence.

Table5. Intention-to-treat (ITT) and completer analysis results for smoking cessation.

Duration of abstinence

ITT analysis (n=416), n (%)

Completer analysis (n=365), n (%)

7 days
30 days

188 (45.2)
109 (26.2)

188 (51.5)
109 (29.9)

Table 6. Logistic regression analyses of baseline predictors of engagement indicators.

Engagement indicators Age Sex Race/ethnicity Fagerstr m score Years smoking Cigarettes Prior quit
per day attempts

Clickotine app opens (high/low accor ding to median split)
OR? 1.018 0.563 1.044 1.071 1.019 1.025 0.990
95% CI 1.00-1.04 0.38-0.84 0.95-1.15 0.98-1.17 1.00-1.04 0.999-1.05 0.90-1.00
P vaue .048 .005P .36 A2 .047 .06 4

Clickotine program interactions (high/low accor ding to median split)
OR 1.018 0.668 0.990 1.070 1.023 1.026 0.981
95% Cl 1.00-1.04 0.45-0.99 0.90-1.09 0.98-1.17 1.00-1.04 1.00-1.05 0.89-1.01
P value .045 .04 .83 A3 .02 .047 .76

No. weeks active (>0 inter actions/week)
OR 0.997 0.690 1.096 0.932 1.001 0.969 1.004
95% ClI 0.98-1.01 0.47-1.02 1.00-1.21 0.86-1.02 0.98-1.02 0.94-1.00 1.00-1.01
P value 75 .07 .06 A1 .92 .02 24

80R: odds ratio.

bp<corrected a (.05/7=.007).
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Table 7. Logistic regression analyses of baseline predictors of smoking cessation outcomes.
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Cessation outcomes Age Sex Race/ ethnicity ~ Fagerstr m score Yearssmoking ~ Cigarettes  Prior quit
per day attempts
7-day cessation
OR? 0.969 1.415 1.094 0.948 0.965 0.976 0.987
95% CI 0.95-0.99 0.95-2.10 1.00-1.20 0.87-1.03 0.95-0.98 0.95-1.00 0.91-1.10
P value 001° .08 .06 .23 <.001P .06 74
30-day cessation
OR 0.964 1.092 1.020 0.945 0.954 0.954 1.034
95% CI 0.95-0.98 0.70-1.70 0.92-1.13 0.86-1.04 0.93-0.98 0.92-0.99 0.94-1.14
P value 0o1P 7 .70 .25 <.001P 0osP 37
80R: odds ratio.
bp<corrected a (.05/7=.007).
Table 8. Logistic regression analyses of engagement indicators predicting smoking cessation outcomes.
Cessation outcomes App opens Interaction count Active weeks
7-day cessation
OR? 1.001 1.001 1.218
95% CI 0.999-1.003 0.999-1.002 1.12-1.33
P value 27 25 <.001P
30-day cessation
OR 1.001 1.001 1.283
95% ClI 0.998-1.003 0.999-1.002 1.16-1.42
P value .57 31 <.001P
80R: odds ratio.

bp<corrected a (05/3=.017).

Discussion

In this initial digital study of Clickotine conducted with no
in-person visits, we assessed preliminary indicators of the
engagement with and efficacy of Clickotine. We measured
engagement using three indicators: number of app opens
(median 69), number of Clickotine program interactions
experienced by the user (median 178), and the duration of active
Clickotine use (number of weeks active; median 5). These
engagement indicators suggest that participants were actively
using Clickotine during the 8-week study period. Clickotine
also appeared to be effective for smoking cessation: 26.2% of
participants reported achieving 30-day abstinence after 8 weeks.
Themost commonly reported adverse events, fatigue and mood
change, are expected nicotine withdrawal symptoms [50].
Overall, we detected no safety signal in this study, and we expect
no adverse reactions with Clickotine use.

The user experience with Clickotine can be described based on
the frequency of the various program interactions a user
encountered. In this study, the most frequently encountered
feature was receiving personalized messages, which accounted
for 39.2% of Clickotine interactions on average. Logging
cigarettes smoked was the second most frequent category,
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accounting for 25% of interactions. Completing missions was
thethird most frequently encountered category, which accounted
for 13% of interactions. For 5 of 12 interaction categories, the
median frequency was O, indicating that roughly half of
participants did not encounter this type of interaction during
their use of Clickotine. This variability in the interaction
categories that participants encountered reinforces the
personalized and unique journey on which Clickotine takeseach
individual user.

We conducted post hoc analysesto explore associations between
baseline characteristics, engagement indicators, and cessation
outcomes, as some associations have been suggested by previous
studies. For example, older age and female sex have been
associated with increased engagement with Web-based cessation
interventions [51] but have not been found to be associated with
use of asmartphone-based smoking cessation app [52]. Heavier
smoking has been observed to be associated with use of
Web-based interventions and smartphone apps [52,53].
Engagement with smartphone cessation apps, also referred to
as adherence, has been shown to predict cessation outcomes
[23]. Due to the exploratory, post hoc nature of the logistic
regression analyses we conducted in this study, we have
interpreted the results with caution to identify associations of
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interest for future study without drawing much of a conclusion
about these associations in the context of this study. In these
analyses, female sex appeared to be associated with increased
in-app opens. Older age, greater number of years smoking, and
greater number of cigarettes smoked per day appeared to be
associated with a decreased likelihood of smoking cessation.
Results suggested a possible association between an increase
in the number of weeks active with Clickotine and an increased
likelihood of smoking cessation. Not enough research has been
published on predictors of smartphone app use to make
comparisonswith our study results but, in comparison with one
recent study [52], some of our results are contradictory: female
sex appeared to be associated with increased app opens, whereas
in the previous study femal e sex was associated with lower use
of certain app features. However, our study also appeared to
show a trend toward heavier smoking being associated with
increased app use, which would be consistent with the previous
study [52]. Nonethel ess, these associations will beinvestigated
further in the next randomized controlled trials of Clickotine
that are conducted, in which statistical and clinical inference
will be possible.

Thisstudy was efficiently designed and conducted. No in-person
visits occurred, and al but one study interaction (the
prescreening phone call) was conducted electronically or in-app.
This study design enabled the study sponsor to handle alarge
number of respondersto the digital advertising (2050 responses)
and enroll the target sample size (400) in arelatively short time
(63 days). The study retention rates were encouraging: 365 of
the 416 participants completed the 8-week outcome
guestionnaire, yielding an 87.7% retention ratein thistrial. This
rate was higher than the retention rates observed in other
cessation trials. In one review of 28 Web-based studies, only 8
demonstrated retention rates greater than 80%, 8 demonstrated
50% to 80%, and 12 demonstrated retention rates lower than
50% [54]. In another review of 11 studies [55], the average
attrition rate at last follow-up was 38.2%. Comparisons with
these studies must be made with caution, however, as these
were Web based, whereas our study was smartphone based; the
follow-up periods were variable across studies, and some were
longer than the 8-week period of our study; and we compensated
participantsfor their timein our study, whereas participants did
not receive compensation in some of the other studies. These
factors could yield an inflated retention rate in our sample
compared with other studies. In comparison, a recent
smartphone-based app study, which included similar
compensation for participation and was also asingle-arm study,
reported a retention rate of 84.8% [42]; another similar study
comparing 2 different apps reported a retention rate of 82.8%
[16]. These rates are similar to the rate of 87.7% observed in
our study and bolster confidence in this value as representative
of adigital trial of a smartphone-based smoking cessation app.

We studied Clickotine in isolation in this trial and did not
directly compareit with other app-based interventions. Although
therearefactorsthat limit the ability to compare across unrelated
trials, such as differences in sample characteristics and tria
methodologies, descriptive rates of engagement and smoking
cessation can provide preliminary indications of comparability.

http://mhealth.jmir.org/2017/4/e56/
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In this study, the outcomes observed for Clickotine numerically
exceed those of the most comparable mobile apps that have
been clinically tested, such as SmartQuit 2.0 (16.6 app opens
in an 8-week study and 11% 30-day abstinence in a completer
analysis) [42] and the National Cancer Institute’'s QuitGuide
(15.2 app opensin an 8-week study and 8% 30-day abstinence
in ITT analysis) [16]. We propose that components unique to
Clickotine may contribute to enhanced engagement and efficacy,
including Clickotine's highly personalized features.

Certain limitations of thisstudy warrant further discussion. First,
the follow-up period was relatively short; substantial relapse
naturally occurs after a 2-month follow-up [56] and only about
3% to 5% of smokers maintain abstinence up to 1 year after
quitting [7]. We will continue to observe participants in this
study and will report longer-term outcomes separately when
available. Nonetheless, this study was consistent with previous
smoking cessation studiesin reporting 30-day point prevalence
abstinence rates. Second, we tested only the iPhone version of
the app in this study, as the Android version was not yet fully
developed by the time of study launch. Also, the average age
of participantsin thisstudy (36 years) isyounger thanistypical
for smoking cessation trials. Inclusion of younger, iPhone-only
users may limit the generalizability of findings. For example,
one cessation app study noted that iOS users demonstrated
indicators of greater motivation to quit compared with Android
users [57]. Third, this trial relied on self-reported smoking
cessation to estimate 30-day point preval ence abstinence. While
expert consensus suggests that biochemical verification of
abstinence isimpractical and unnecessary in studies similar to
this one [58], future research will need to address this by
implementing biochemical verification of smoking cessation
(eg, exhaled carbon monoxide). Fourth, in a study of an
intervention conducted by the devel oper of theintervention, the
potential for biases (eg, rater biases, response biases) are noted.
Degspite efforts to eliminate the opportunity for such biases
through the design and implementation of rigorous study
procedures, the potential for bias will limit the extent to which
our results can be interpreted beyond being preliminary
indicators. Fifth, some users (29 at baseline and 66 by study
outcome) were using a pharmacotherapy cessation aid during
the trial, which could have contributed to the cessation rates
observed and limits the ability to attribute cessation solely to
Clickotine. To overcome such limitations, a pivotal study of
Clickotine should evaluate efficacy and test superiority in a
blinded, randomized controlled trial conducted by an
independent party; include iPhone and Android versions of the
app; include an active comparator arm with an aternative mobile
app; feature longer-term follow-up; and ascertain abstinence
viabiochemical verification.

In summary, the results of this initial evaluation suggest that
Clickotine participants engaged with the app and appeared to
remain engaged with the app for amajority of the study duration
on average, and that Clickotine use may be associated with
cessation outcomes. Future research is warranted to evaluate
the engagement with and efficacy of Clickotinein more robust
clinical trials, and to assess Clickotine’s long-term efficacy and
safety.
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Abstract

Background: Mobile phones are increasingly being used to deliver health information and health services globally. Mobile
health (mHealth) interventions may be well-suited for minority groupswith greater barriersto accessing traditional health services.
However, little has been written about the process of culturally adapting interventions for multiple ethnic and cultural minorities
within a population.

Objective: This study describes the process of developing a culturally tailored text message-based maternal health program
(TextMATCH: Text for MATernal and Child Health) for Maori, Pacific, Asian, and South Asian familiesliving in New Zealand.
We report on engagement and acceptability of the TextM ATCH program.

Methods: Program data was examined to describe engagement with the program 18 months after implementation. Telephone
interviews were conducted with a sample of participants who consented to provide feedback on acceptability and relevance of
the program.

Results: A total of 1404 participants enrolled in TextMATCH over 18 months, with 18.52% (260) actively opting out at some
point (after O to 17 months of messages). It was found that 356 (70.9%) of the 502 eligible participants actively switched from
theinitia pregnancy program to the baby program after delivery. Phoneinterviewswere conducted with 29 participantsincluding
6 who had withdrawn (duration of program from 3 to 16 months). Only 2 participants reported that the program was not useful,
with the remainder rating the usefulness of messages positively (average 4.24 out of 5). All participants stated that the messages
were relevant, culturally appropriate, and easy to understand. M ost were happy with the specific advice and the language options
provided.

Conclusions: We have demonstrated the importance of an intensive approach to the development of a culturally adapted and
tailored mHealth program for multiple different cultural minority groups within our population.

(JMIR Mhealth Uhealth 2017;5(4):e49) doi:10.2196/mhealth.7205
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Introduction

Background

Mobile health (mHealth) isthe use of mobile devices, including
mobile phones, to deliver health services and information [1].
Due to the high use of mobile phones and the low cost of
delivery, this mode of communication appears as an ideal
platform for the delivery of health interventions. mHealth
interventions are often designed asameansto reach underserved
groups like ethnic or cultural minorities. This is justified due
to the following reasons: (1) traditional health promotion
methods often fail to serve the group in question; (2) the low
cost of mHealth interventions make mHealth interventions
feasible in low-resource environments; (3) mobile phone use
or use of specific capabilitieslike text messaging or voicecalling
are common within the group targeted; and (4) mHealth has
proven acceptable or effective in other, similar areas, or in
feasibility studies[2-8].

Adapting effective mHealth programs for multiple minority
populations requires attention to relevant cultural characteristics
[2-4,6,9,10]. Cultura adaptation may reflect the nuances of
language and cultural practices, so that health messages and
services reflect their history, health beliefs and norms, social
practices, and political and economic characteristics [10-14].

Some aspects of cultural adaptation that may improve the
sustainability and effectiveness of mHealth include the
consideration of users' health beliefs and health literacy levels
in message development [2,5], and the accommodeation of local
language and preferences in message content [3]. Cultura
adaptation of message content in mHealth interventions has
been executed in varying degrees from basic language
trandation to a sophisticated process of consultation with
prospective users and data collection on barriersto servicesand
health.

The process of the cultural adaption of mHealth interventions
can be broadly categorized into three categories:

1 Trandation only: mHealth intervention where content has
been translated into the local language or a language
nominated by users.

2. Trandation and addressing group-specific barriers: the use
of alocal or nominated language, al ongside content tailored
to barriersin accessing servicesor health information which
were faced by the cultural group concerned.

3. Tranglation and sophisticated adaptation: the use of alocal
or nominated language, alongside more complex adaptation
and devel opment processes, involving members of thetarget
group.

However, there is a paucity of evidence to support the
effectiveness and desirability of cultural adaptation practicesin
mHealth. In instances where perceptions of culturally adapted
mHealth interventions have been described, these perceptions
are positive [3,4,6,15-18]. A common factor is the lack of
investigation of the cultural appropriateness of messages
specifically.

http://mhealth.jmir.org/2017/4/e49/
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One area of mHealth with some published descriptions of
cultural adaptation processesisin the field of maternal health.
Thereisgrowing support for the use of mHealth, including text
messaging, in the field of maternal health [19], particularly for
the advancement of the millennium devel opment goal sto reduce
child mortality and improve maternal heath in certain
populations.

Textdbaby in the United States is a free maternal health text
message program, which is delivered in English and Spanish,
for pregnant women and mothers of babies aged under 1 year.
A survey assessed the linguistic appropriateness of the Spanish
messages finding that 98.3% of respondents receiving the
Spanish messages found the content to be clear and
understandable [18]. In addition, Parker et al [20] detailed the
trandation, back trandation, and intelligibility testing of English
text messages from the US-based Text4baby intervention,
translated into Russian. Expert checks of the messages were
used to test the intelligibility of the messages, which informed
pregnant women and mothers on how to keep themselves and
their baby healthy, according to gestational age [20].

Mobile Alliance for Maternal Action (MAMA) has conducted
cultural adaptation of ageneric set of MAMA text messagesto
create new versions including ChatSalud and Mom Connect
[21,22]. In Nicaragua, ChatSalud delivered sexual and
reproductive health-oriented information to reduce teen
pregnancy and theinfant and maternal mortality associated with
it [21]. In-depth interviews with adolescents who had
participated in a pilot study of ChatSalud contributed relevant
information about their particular barriers to sexual and
reproductive health. Local health experts were also consulted
about development of message content, given their experience
of the population health threatsin thearea[21]. In South Africa,
Mom Connect text messages collected data from the mother
during pregnancy and the first year of the child’s life, and
ddlivered age- and stage-specific messagesto inform and support
pregnant women and mothers [22]. Focus groups with
prospective users and consultation with local health experts
sought to ensure that the barriers addressed were relevant to the
target group. These included intimate partner violence,
depression, and persuading partners to use condoms during
pregnancy to prevent human immunodeficiency virus (HIV)
transmission. These processesresultedin MAMA South Africa
message content being provided in six different languages and
incorporating user comments and stories [22].

Although these studies have shown the feasibility of cultural
adaptation of text messaging programsin maternal health, more
evaluation of such interventions is needed to determine their
effectiveness [20].

In New Zealand, we have developed TextMATCH (Text for
MATernal and Child Health), an educational and supportive
text message program for pregnant, new mothers (of infants
aged until 2 years), and other family members. This program
was funded by the New Zealand Ministry of Health as part of
a broader initiative (Healthy Babies Healthy Futures, HBHF)
targeting the increasing rates of childhood obesity (11% of
children aged 2-14 years in New Zealand are reported to be
obese) [23]. Targeting interventions to families is seen as vital
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in addressing increasing obesity rates. Commencing in
pregnancy, maternal and child nutrition and physical activity
influence physiology in waysthat contribute to diseaserisk and
lay the path for lifelong health.

TextMATCH was designed to cover three specific areas:

improve women'’s health during pregnancy and the postnatal
period, through promotion of healthy eating and physical
activity;

promote healthy feeding of babies including encouraging
and supporting breastfeeding; and

promote healthy feeding (including the introduction of
healthy first foods) and physical activity of children at
preschool age.

TextMATCH, and the broader HBHF initiative it is embedded
in, have been developed specifically for Maori (the indigenous
population of New Zealand), Pecific, Asian, and South Asian
families. These are minority groupswith particularly high rates
of childhood obesity (Maori 19% and Pacific 27%) [ 23] or with
particular needs arising from being new migrants who may not
be well-connected to, or have experience with, the New Zealand
health system. Thispaper describesthe development and cultural
adaptation of TextMATCH specifically for these groups and
the feedback on its acceptability to date.

I ntervention Development

The devel opment of TextM ATCH was guided by our previously
developed mHealth Development and Evaluation framework
[24], which provides a process to direct the development and
testing of mHealth interventions, with afocus on implementation
from the beginning, use of behavioral change theory, and
involvement of the target population. A summary of the
development process can be seenin Figure 1.

A governance group for the broader HBHF initiative, the Roopu
Kaitiaki, provided guidance on the primary focus and scope of
the program. This group represented a consortium of
community-based providers working with the target audience
of the program. The target population was defined as pregnant
women and mothers of babies aged under 2 years of Maori,
Pecific, Asian, and South Asian ethnic communitieswithin two
health districtsin Auckland, New Zealand. Thetarget population
also included their extended families (whanau in Maori) and
anyone else who had influence on the health and wellbeing of
the pregnant women, babies, mothers, and their preschool
children.

The overarching principles agreed were

« education for those with low health literacy;

« targeting those who have relatively low involvement with
conventional support networks;

« providing practical tips and suggestions that are relevant
to their specific contexts;
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supporting improvementsin health nutrition and uptake of
appropriate physical activity;

linking pregnant women or mothers of young children and
their familiesto health and community services asearly as
possible; and

using proven behavior change techniques and theories.

Formative Work

Formative work was conducted to inform development of the
program including the design, content, and implementation.
Thisincluded focus groupswith thetarget audience and areview
of the literature, guidelines, and publicly available resources.

Thefocus groups aimed to determine how theintended audience
engaged with technology, how a technology-based health
program could benefit them during pregnancy and the first 2
years of their child’s life, and to understand cultural norms,
traditions, and beliefs around technology and maternal health.
A total of 4 culture-specific focus groups were conducted with
pregnant women, mothers of children aged under 2 years, and
their support people. Participants were identified by the
community organizationsinvolved inthewider HBHF initiative.
All groups were positive about using technology to support
people to eat well and exercise during pregnancy and the first
2 years of ababy’s life. Technology preferences differed, with
some groups reporting apreference for mobile phone messaging
apps (such as WeChat, WhatsApp), whereas others reported
nonconsi stent mobile phone ownership and apreferencefor text
messaging (short message service, SMS) due to limited data
access. Other factors of importance for amHealth program were
being free, accessible on al types of mobile phones, and taking
into consideration that phones are sometimes shared among
family members. Therefore, in order to ensure greatest reach
of theintervention, SM Swas agreed on asthe mode of delivery.
Participantsfelt strongly that there was benefit to the messages
being offered to partners or fathers and other family members,
in addition to a pregnant woman or mother.

Consistent across the groups was a preference for New
Zealand-based guidance and references, as there was concern
that advice in internationally available apps may differ from
that in New Zealand. Differencesin terminology wereidentified,
as well as culture-specific foods, practices, traditions, and
activities, providing rationalefor culturally adapted versions of
the program. Preferences for languages varied, with al groups
recommending an English option and some Asian participants
requesting Simplified Chinese and Korean. In addition,
consulted health care providers recommended adding Japanese
and Te Reo Maori languages. Women in the Pacific Island and
Indian focus groups predominately felt that an SM Sintervention
would be best in English. This was due to wanting the
intervention to be in the language they were likely to be
communicating with their lead maternal carers (LMCs) in for
consistency, as well as a general preference for texting in
English.
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Figurel. TextMATCH development process. SMS: short message service.
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A review of the current literature, New Zealand guidelines, and
resources was undertaken to establish key messages related to
nutrition and physical activity for the target population, aswell
as other relevant aress.

Content Development

Findings from the formative work resulted in the development
of key messages for the intervention. The key messages were
then adapted into text messages limited to 160 characters. These
text messages were sent to a technical advisory group (TAG,
including local representatives from midwifery, public health,
nutrition, physical activity, Maori health promotion, primary
care, and postnatal providers) and revised before being sent to
a second panel of experts (obstetrician, pediatrician, and
academic experts in nutrition and physical activity) for review
to ensure factual correctness. Once the key text messages were
confirmed, they were then adapted into 4 cultural versionsusing

http://mhealth.jmir.org/2017/4/e49/

RenderX

the feedback from the formative work. These culturally adapted
messages were reviewed and adapted further by the 4 cultural
community groupsin the consortium. Each cultural version was
adapted into 2 versions (total 8 versions); one for mothers and
the second one for other family members. Where needed, the
messages were then trandated into other languages (Te Reo
Maori, Chinese, Korean, and Japanese) resulting in 16 different
versions of the TextMATCH program (see Table 1 for a
breakdown of the different versions). These were reviewed and
back-translated by the 4 community groups. The messages
underwent a final review before being loaded into the system
and tested. Although the devel opment processwaslinear (Figure
1), if, at later stages in the development process, changes to
content were made, the affected content was rereviewed by all
levels of reviewers before being trandated, rereviewed, and
tested.
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Versions of the program that were delivered in English included
greetings and other key words in the appropriate language (eg,
Hindi, Samoan, Tongan, Cook Island Maori, Tuvaluan, and
Tokelauan). The messages were also personally tailored by

Table 1. TextMATCH versions.

Dobson et al

including the participant's name, baby’s name, and
gender-specific termsfor messages after the baby wasborn (eg,
he or him or his). Examples of TextMATCH messages can be
seenin Table 2.

Version number Culture Language Relationship to baby
1 Maori TeReo Mother

2 Maori TeReo Other family member
3 Maori English Mother

4 Maori English Other family member
5 Pacific English Mother

6 Pacific English Other family member
7 Asian Chinese Mother

8 Asian Chinese Other family member
9 Asian Korean Mother

10 Asian Korean Other family member
11 Asian Japanese Mother

12 Asian Japanese Other family member
13 Asian English Mother

14 Asian English Other family member
15 South Asian English Mother

16 South Asian English Other family member

TextMATCH Program

The resulting TextMATCH program is individually tailored
and available in 16 different cultural versions and 5 languages
(Table 1). A person is referred to TextMATCH using a short
referral form with questions to determine their specific
TextMATCH program. Once registered, they receive up to 3
free text messages per week delivered to their mobile phone
(see Figure 2). The estimated delivery date or baby’s birth date
determines where in the TextMATCH program participants
start. Messages are personalized (with the recipient’s name, the
baby’s name, and gender) and tailored to the gestational age or
age of the baby. Messages not only focus on nutrition and
physical activity for pregnant women, baby, and wider family,
but also cover arange of health topicsincluding immunizations,
safety, support services, weight gain, smoking, and emotional

Figure2. TextMATCH system overview. SMS: short message service.

encouragement. The program is unidirectional, but if a person
isregistered during pregnancy they can self-switch to the baby
messages, by free texting into the system when their baby is
born. People can withdraw from the program by free texting
the word “STOP” at any time. The program is provided at no
cost to recipients including no cost to send text messages to
switch to the baby program, or to withdraw from the program.

The TextMATCH system is automated following registration.
Registration requires manual input of the recipient details for
the generation of message schedules. In addition, the system is
checked daily for unrecognized incoming messages and these
are actioned if needed. The ongoing costs of running the
program include the Gateway Company shortcode fees and per
text message costs, as well as a maximum of 1 hour of person
time per week to check the unrecognized incoming messages
and manage issues.

Variables for Variables Variable for
program for message | calculation of
allocation tailoring day in program
0-4 weeks gestation 0 messages/week
Culture 5-10 weeks gestation 1 message/week
> | PREGNANCY | o1 Name 2x welcome | 11 weeks gestation 2 messages/week | > | Free text BABY
Language e Due date : i
3 : Ethnicity messages 12-35 weeks gestation 3 messages/week (enrolment via SMS)
Relationship ~ g
New 36-38 weeks gestation 2 message/week Birth date
registration 39-46 weeks gestation 1 message/week Baby name
Culture Name 0-6 weeks of age 2 messages/week Baby gender
- | BABY Language Ethnicity Birth date 1 x welcome | 7-52 weeks of age 3 message/week | «
Relagtior?ship Baby name message 53-81 weeks of age 3 message/week
Baby gender 82-104 weeks of age 2 messages/week

http://mhealth.jmir.org/2017/4/e49/

IMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | e49 | p.125
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Table 2. A selection of TextMATCH messages.

Dobson et al

Example message Timing Culture Relationship to baby
Malo eléde [firstname]. You are now registered for Registration (during pregnancy) Pacific-Tongan Mother
TextMATCH. We will send you up to 3 messages per

week to support you to eat well & be active while preg-

nant

Kiaora[firstname]. Exerciseisimportant for your health  Pregnancy (14 weeks) Maori Other family mem-
& for the mums health during pregnancy, aim for 30 min ber

of activity each day

Ironisimportant to prevent you becoming too tired during  Pregnancy (23 weeks) South Asian Mother

pregnancy. Lean red meat, chicken, eggs, bajraflour,

cowpea, masoor dal & moth beans contain iron

Talofa[firstname]. Keeping active towards the end of Pregnancy (36 weeks) Pacific-Samoan Mother

pregnancy can be tough but the health benefits make it

worth it. Try swimming or avery gentle walk

Hi [firstname]. Congratulations on the birth of [baby- Completion of switch to baby program Asian Mother

name]. We hope you are enjoying this specia & exciting

time. Thanks for having TextMATCH on board

Kiaorafirstname]. Breast milk isthe perfect kai for your Postnatal (2 weeks) Maori Mother

baby - it'shealthy & it'sfree! Pleasetalk to your midwife

if you need help or support

Kiaora Sounds, smiles, laughter, touch & interactional Postnatal (17 weeks) Maori Other family mem-
help [babyname] to develop. Spending timewith [him/her] ber

will help to grow your relationship with [him/her]

Don't forget to take care of yourself, thisincludes eating Postnatal (22 weeks) Pacific Mother

well & getting rest. To be able to look after [babyname]

you need to take care of yourself first

Aim to feed [babyname] a variety of healthy choicesin  Postnatal (44 weeks) Pacific Other family mem-
every medl. Try boiling pumpkin or kumaratogether with ber

spinach or taro leaves for a nutritious option

Choose healthy foods for [babyname]. Thereisno need Postnatal (1 year 20 weeks) South Asian Mother

to add salt, sugar, butter or ghee to [hig’her] food. If you
want to cancel these messages, reply text STOP

Engagement and Acceptability of TextMATCH

TextMATCH went live in August 2014 with people referred to
the program by community organizations within two urban
health districts in New Zealand. We conducted a study, 18
months post go-live, to assess the engagement and acceptability
of the program. The study had two aims:

1. To assess the engagement of participants with the
TextMATCH  program, including enrollment and
disengagement rates.

2. To assess the acceptability of the TextMATCH program,
including its cultural appropriateness and relevance, reasons
for withdrawal, and to determine waysin which the program
could be improved.

Methods

Engagement

Engagement data collected by the content management system
was extracted on April 7, 2016. All data was kept private and
secure to respect the privacy of all intervention participants.
Data collected for the first 18 months was used in thisanalysis.
The data for each participant included program number
(indicating cultural group, language, and relationship); month

http://mhealth.jmir.org/2017/4/e49/

registered; due date month and year; baby birth date and year;
whether they switched to the baby program from the pregnancy
program; whether they texted “STOP;” their withdrawal date
(if applicable); and completion date (if applicable). Descriptive
statistics were generated for baseline demographic and clinical
characteristics, and measures of engagement with the system.
Counts and percentages were reported for categorical variables,
along with means and standard deviations for continuous
variables.

Acceptability
Phone interviews were conducted between January and March
2016. All study documents and procedures were approved by
the New Zealand Health and Disability Ethics Committee
(15/CEN/210).

Participants included those who were registered for the
TextMATCH program between August 2014 and August 2015,
and who had previously agreed to be contacted about their
experience with the program. Potential participants were
excluded if it was known that they had experienced a
miscarriage; their due date fell during the study period; they
only spoke Japanese or Korean, asho interviewer was available
for these languages. We also excluded those who withdrew from
the program by texting “ STOP” after receiving lessthan 2 weeks
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of messages, as it was determined that this group would not
have received sufficient intervention to provide feedback for
this study. To ensure participants with a range of experiences
with the program were interviewed, potential participants were
split into four categories:

1. thosewho had received TextMATCH for 6 monthsor more;

2. those who had received TextMATCH for 3-6 months;

3. those who withdrew from the program by texting “ STOP”
after receiving a minimum of 2 weeks of messages;

4. thosethat received TextMATCH during pregnancy but did
not self-switch to the baby messagesfollowing their baby’s
birth.

Eligible participants were sent a text message asking if they
would be interested in being contacted for an interview. In
addition, community providers contacted some €ligible
participantsto invite them to participate, to accommodate those
who did not have sufficient credit on their phones to respond,
and to ensure adequate numbers. If participants replied “yes,”
they were called by the research assistant for the interview.
Before commencing with the interview, they read the participant
information sheet and consent form, and verbal consent was
then obtained. Interviewswere conducted in English or Chinese
based on participant preference. Following informed consent,
the researcher then went through the interview schedule with
participants covering the following topics:

Table 3. Enrollment in TexttMATCH by version.

Dobson et al

«  Genera feedback

«  Usefulness of the messages

- Appropriateness of the messages, with special attention to
the cultural adaptation of messages

«  Perceived impacts

«  If withdrew: reasons for withdrawal

- If did not self-switch: reasons for not choosing to switch
to baby messages

«  Suggestions for improvements

The interview data was analyzed and summarized using

descriptive quantitative analyses including means, standard

deviation and proportions, and qualitative comments analyzed
using simple thematic analysis.

Results

Engagement

In the first 18 months of the TextMATCH program, 1404
individualsenrolled and over 98,000 messages were sent by the
system. The percentage of participants enrolled in each of the
16 different versions of TextMATCH varied (Table 3). Even
though TextMATCH is offered to other family members,
72.44% (1017) of individuals enrolled were mothers—almost
three times more than other family members.

Version Cultura group Language Relationship to baby n (%)

1 Maori TeReo Mother 17(1.21)

2 Maori TeReo Other family member 8(0.57)

3 Maori English Mother 173 (12.32)
4 Maori English Other family member 55 (3.92)

5 Pacific English Mother 244 (17.38)
6 Pacific English Other family member 39 (2.78)

7 Asian Chinese Mother 283 (20.16)
8 Asian Chinese Other family member 67 (4.77)

9 Asian Korean Mother 51 (3.63)
10 Asian Korean Other family member 22 (1.57)
11 Asian Japanese Mother 8(0.57)

12 Asian Japanese Other family member 0 (0.00)

13 Asian English Mother 19 (1.35)
14 Asian English Other family member 14 (1.00)
15 South Asian English Mother 222 (15.81)
16 South Asian English Other family member 182 (12.96)

Of the 1404 individuals who enrolled in TextMATCH, 260
(18.52%) actively discontinued the program by texting theword
“STOP” Discontinuation rates varied between the TextMATCH
cultural versions; 14.1% of those registered for the Asian
versions of the program (#7-14) texted “ STOPR" 15.9% of those
registered for South Asian versions (#15 and 16), 19.9% of

http://mhealth.jmir.org/2017/4/e49/

those registered for Pacific versions (#5 and 6), and 29.2% of
those registered for Maori versions (#1-4).

For thosewhotexted “ STOPR” the average duration of messages
received was 3.84 months (SD 3.10; range 0-17 months). Of
the 502 individuals who were sent text messages prompting
them to switch from the pregnancy version of the program to
the baby version, 356 (70.9%) fully completed the three text
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messages required to switch to the baby program—74.6% of
mothers and 59.1% of other family members.

Acceptability

A total of 52 people agreed to be contacted for an interview. Of
these, 5 declined to participate, 1 was unableto provide consent,
and 17 were unable to be contacted. A total of 29 interviews
were completed. Of those who participated, 12 (41%) had
received TextMATCH for 6 months or longer, 9 (31%) had
received TextMATCH for 3-6 months, 6 (21%) had withdrawn

Table4. Interview participants by TextMATCH version.

Dobson et al

from TextMATCH by texting “STOPR” and 2 (7%) had not
switched from pregnancy to baby messages.

The mean number of months participants had received
TextMATCH messages for was found to be 7 months (range
3-16). Those who had stopped the messages or did not switch
over (n=8) received on average 6 months (range 3-9) of
messages. A summary of the TextMATCH version that the
interview participants had received can be seen in Table 4, and
participant’s demographic characteristicsin Table 5.

TextMATCH® program # ~ Description (cultural group, language, relationship) - No. of participants

No. by type of messages received

Only preg-  Only baby Both preg-
nancy mes-  messages nancy and
sages baby mes-
sages

3 Maori, English, mother 4 2 2

5 Pacific, English, mother 5 1 3 1

7 Asian, Chinese, mother 11 3 8

8 Asian, Chinese, other family member 2 1 1

15 South Asian, English, mother 6 6

16 South Asian, English, other family member 1 1

All but 2 participants (27; 93%) reported that they found the reminder of information which they previously knew.

messages personally useful. For those who found it useful, the
mean rating on a scale of 1 (a little useful) to 5 (extremely
useful) was 4.24 (SD 0.80; range 2-5). Table 6 shows the mean
ratings by interview category and TextMATCH cultura version.
Many participants commented generally on the usefulness of
messages including that TextMATCH provided a timely

Table 5. Characteristics of interview participants (n=29).

Participants reported that the messages were also reassuring,
encouraging, and motivating. The 2 participants who reported
that the messages were not useful had reported finding the
content in the messages too basic and therefore not beneficial
to them.

Characteristics

Number, n (%)

Gender: Female
Relationship
Mothers
Other family member(fathers)
Ethnicity
Maori
Samoan
Niuean
Tuvaluan
Chinese
Indian
Nepalese
Sri Lankan

Mean age (SDb )

26 (90)

26 (90)
3(10)

5(17)

2(7)

1(3)

103

13 (45)

4(14)

2(7)

103

32.6 years (range 23-44)

#TextMATCH: Text for MATernal and Child Health.
bsD: standard deviation.
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Table 6. Mean ratings of usefulness for those reporting the program to be useful (n=27).

Grouping n Mean rating (SD?) Range
Interview category
6+ months 11 4.32 (0.64) 35
3-6 months 9 4.67 (0.50) 45
Withdrew 5 3.20(0.84) 2-4
Did not switch 2 450 (0.71) 45
TextMATCHP version
Maori (#1-4) 4 4.00 (0.82) 35
Pacific (#5-6) 5 4.20 (0.84) 35
Asian (#7-14) 11 4.23(0.61) 35
South Asian (#15-16) 7 4.43(1.13) 2-5

33D standard deviation.
bTextMATCH: Text for MATernal and Child Health.

All participants responded that the messages were relevant to
them, with many commenting that some were more relevant
than others (28; 97%). In addition, all study participantsreported
finding the messages culturally appropriate and easy to
understand (29; 100%). Participants provided positive feedback
on the personalization of the messages; they enjoyed that the
messages included greetings in languages other than English
and having their names in the messages.

Table 7. Perceived impacts of TexttMATCH.

When asked whether they found the specific food practices and
activities mentioned in messages appropriate to them, al but
three reported that they were (27; 93%). Reasons why food
practices and activities were less relevant to participants
included that messages referring to meat were not relevant for
vegetarians, and that messages referring to dairy products or to
prepreparing and freezing meals were not relevant for many
Chinese people.

Impact Number responded Response YES: n (%)
Improvements to eating habits 29 18 (62%)
Improvements to family’s eating habits 29 16 (55%)

Positive changes to food shopping 29 19 (66%)

Positive impact on exercising 29 15 (52%)
Improvements to knowledge or understanding 29 21 (72%)

Feeling more supported 28 28 (100%)

Participants were also asked if there were any messages that
they found irrelevant or inappropriate with only 6 (21%)
reporting that there were. Of these, 3 felt that some proportion
of messages did not apply to their own pregnancy or child, but
many also commented that they were happy to ignore these.
Only one respondent felt that these represented a significant
proportion of the program, and said that this was because she
had a complicated pregnancy and birth.

When asked if they would have preferred the messagesto bein
a different language, most (25; 89%) responded “no.” One
participant would have preferred the messagesin Hindi, another
in Samoan, and one was happy with her Maori cultural messages
in the English language but would have preferred more phrases
and words in the Te Reo language. A separate question sought
participants’ suggestions about the provision of messages in
other languages. Suggested languages included Samoan (n=5),
Hindi (n=5), Tongan (n=1), Niuean (n=1), and Spanish (n=1).
Some of those suggesting Pacific languages stated that this

http://mhealth.jmir.org/2017/4/e49/

would be useful to improve their own Pacific language
competency rather than assisting people who did not speak
English.

Perceived | mpacts

Participants were asked about the impacts that they felt
TextMATCH had on themselves, their family, and their baby
(see Table 7). A common benefit of the messages appeared to
be the reminders and reassurance they provided:

(when it's) a stressful time and then you get the

message and realize you're not doing too bad.

[Pacific, mother]
Over 50% of participants reported that the program had
improved both their eating habits (18; 62%) and exercise (15;
52%). Furthermore, all participants reported feeling supported
by messages (28; 100%). Those who felt they had not gained
knowledge from the program still found it useful because it
made them feel more supported. One mother commented:
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there'salot of timeinisolation whenit'sjust you and
bubba, it’s quite niceto receive that message. [Maori,
mother]

A total of 21 (72%) participants reported improvementsto their
knowledge and understanding. Some participants felt that the
program was ideally suited for first-time parents with less
baseline knowledge. However, one user stated that:

it's quite empowering actually just to get that little
bit more information you think you know everything
after seven children soit’sactually quite cool. [Maori,
mother]

A total of 12 (41%) participants reported that they had family
members al so receiving the messages. All remarked that it was
good for the partnersto receive messages, asit put both parents
“on the same page” with regard to pregnancy and child care,
and many discussed message content. Many mothers also felt
that their partnerswere better ableto carefor them and the baby
as aresult of the messages.

All participants (29; 100%) reported that they would recommend
the TextMATCH program to others. Reasons included that it
provides useful information and tips, uses a medium which is
very accessible and unobtrusive, provides valuable reminders,
and can benefit the whole family. Respondents al so mentioned
that messages provided valuable support and encouragement
and would be especially useful for first time and younger
mothers.

Reasonsfor Disengagement

There were 6 participants (21%) who had texted in “STOP” to
withdraw from the program after an average duration of 6
months of messages (range 4-9 months). Four of these
participants reported that they withdrew due to not finding the
messages very useful or beneficial, one dueto atechnical issue,
and one reported that they had only wanted the messages during
pregnancy and so stopped oncetheir baby wasborn. Therewere
2 participants (7%) who had not chosen to switch to the baby
messages after completing the pregnancy messages. One
reported that they had not realized that they had to text back to
sign-up for the baby messages, and the other reported that things
were hectic after the baby was born and so they forgot to switch.

Suggestions for | mprovements

A total of 20 participants provided suggestions for how the
program could be improved. Most commonly, participants
suggested that the messages could contain more detailed and
specific information on the baby’s diet (especially solid foods),
recipes, and activities (like where to play outdoors, n=13).
Others thought that bidirectional messages to be able to ask
about certain aspects of the program would be useful (n=5).
Two participants suggested having extra optional message
streamsfor certain maternal health conditions (eg, hypertension
or diabetes), areas of interest (eg, diet), or for multiple
pregnancies (eg, twins). Other suggestionsincluded information
about local events (n=1), the use of other social media like
WeChat to enable photo or video messages (n=1), more
emotional support for mothers (h=1), changesto the frequency
or timing of messages (n=4), and better channels for users to
recommend the program to others (n=1).

http://mhealth.jmir.org/2017/4/e49/
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Discussion

Principal Findings

The process of developing TextMATCH with specific cultural,
family, and language versions was extensive and
resource-intensive. It involved focus groups and testing directly
with the target audience. It also involved considerable input
from the community groups working with those families. This
resulted in what appears to be a rather simple program to the
end-user, but which is actualy composed of 16 different
versions. The system rules ensuring that the correct version is
sent to each participant are based on just a small number of
guestions. The engagement statistics and feedback from
participant interviews have indicated that there is value in this
process, with positive responses to the personaization and
relevance of the culturally tailored messages. Other benefits of
our program include the feelings of support reported by all
participants, and theinclusion of other family membersreceiving

the messages.

Some participants reported that some of the messages were not
useful for them, inappropriate or irrelevant. This feedback has
been taken into consideration and the program isbeing improved
based on their suggestions. Regardless, al those interviewed,
even those reporting it not to be of personal use, reported that
they would recommend the program to others. Although the
program appears to be well-received and perceived to be of
benefit, evaluation of its effectiveness has yet to be undertaken
and will be necessary to understand if it isimpacting on health
outcomes.

Feedback from recipients as well as changes in evidence and
guidelines mean changes to the content of programs such as
TextMATCH need to be made from time to time. In this case,
messages are updated using the same process, requiring
significant time and input from reviewers before they areloaded
into the content management system. This needs to be factored
into the ongoing costs of the program.

We believe that it is important that mHealth programs target
minority and vulnerable populations, who may have difficulty
accessing traditional health services dueto avariety of reasons.
These reasons can include language, cultura differences,
geography, travel, work, or roles caring for others. It is also
important to consider the technologica infrastructure of a
setting, and the power dynamics which determine different
groups’ access to technologies, and how existing communities
and health systems will respond to mHealth [3,7,25].

Limitations

It isimportant that these findings be interpreted in light of the
limitations including the small number of participants
interviewed, potential sampling bias in those who agreed to an
interview, and unequal samplesof cultural groupsand interview
categories. The overall numbers of people using the Korean or
Japanese versions of the program at the time of interviewing
were not large and interviews could not be offered in these
languages, meaning the results cannot be generalized to those
receiving TexttMATCH messages in those languages. Further
investigation is needed into reasons for disengagement in those
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who had withdrawn from TexttMATCH within 2 weeks of
signing up asthisgroup was not included in the study and could
provide valuable insight into engagement.

Conclusions

Dobson et al

that wetake the time and extraresources required to ensure that
the programs will be relevant and appropriate for the context
of their daily lives. Thisisnot simply about trandating programs
that have been developed for the majority. We have described

here an extensive process of developing an intervention with
minority populationsfirst. Thereisno “majority” (pakeha/New
Zealand European) version of TextMATCH. This process has
begun in collaboration with the community which cares for
these families of minority cultural groups and which sharestheir
culture.

We have described how mHealth can provide access to health
information, motivation, reassurance, and support in simple
programs like TextMATCH. It can aso link people to existing
community programs for appropriate in-person support. It is
important that mHealth programs are designed with the
involvement of these vulnerable groupsin our populations, and
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Abstract

Background: Type 2 diabetes mellitus (T2DM) is a disease affecting approximately 29.1 million people in the United States,
and an additional 86 million adults have prediabetes. Diabetes sel f-management education, acomplex health intervention composed
of 7 behaviors, is effective at improving self-care behaviors and glycemic control. Studies have employed text messages for
education, reminders, and mativational messaging that can serve as “cues to action,” aiming to improve glucose monitoring,
self-care behaviors, appointment attendance, and medication adherence.

Objectives. The Text to Move (TTM) study was a 6-month 2-parallel group randomized controlled trial of individuals with
T2DM to increase physical activity, measured by a pedometer. The intervention arm received text messages twice daily for 6
months that were tailored to the participant’s stage of behavior change as defined by the transtheoretical model of behavior
change.

Methods: We assessed participants’ attitudes regarding their experience with text messaging, focusing on perceived barriers
and facilitators, through two focus groups and telephone interviews. All interviews were audiorecorded, transcribed verbatim,
coded, and analyzed using a grounded theory approach.

Results: The response rate was 67% (31/46 participants). The average age was 51.4 years and 61% (19/31 participants) were
male. The majority of individuals were English speakers and married, had completed at least 12th grade and approximately half
of the participants were employed full-time. Overall, participants were satisfied with the TTM program and recalled the text
messages as educational, informational, and motivational. Program involvement increased the sense of connection with their
health care center. The wearing of pedometers and daily step count information served as motivational reminders and created a
sense of accountability through the sentinel effect. However, there was frustration concerning the automation of the text message
program, including the repetitiveness, predictability of text time delivery, and lack of customization and interactivity of text
message content. Participants recommended personalization of texting frequency as well as more contact time with personnel
for a stronger sense of support, including greater surveillance and feedback based on their own results and comparison to other
participants.

Conclusions. Participants in a theory-based text messaging intervention identified key facilitators and barriers to program
efficacy that should be incorporated into future texting interventions to optimize participant satisfaction and outcomes.

http://mhealth.jmir.org/2017/4/e54/ JMIR Mhealth Uhealth 2017 | vol. 5| iss. 4 | €54 | p.134
(page number not for citation purposes)


mailto:lenny.lopez@ucsf.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Trial Registration:
at http://www.webcitation.org/6pfH6Y X ag)

Horner et al

Clinicaltrials.gov NCT01569243; http://clinicaltrials.gov/ct2/show/NCT01569243 (Archived by Webcite

(JMIR Mhealth Uhealth 2017;5(4):€54) doi:10.2196/mheslth.6666

KEYWORDS

diabetes mellitus, type 2; text messaging; exercise; qualitative research

Introduction

Background

Type 2 diabetes mellitus (T2DM) is a disease affecting
approximately 29.1 million people in the United States, and an
additional 86 million adults have prediabetes [1]. Diabetes
self-management education, a complex hedlth intervention
composed of 7 behaviors: (1) blood glucose self-monitoring,
(2) taking medications, (3) healthy eating, (4) being active, (5)
reducing risks, (6) healthy coping, and (7) problem solving, is
effective at improving self-care behaviorsand glycemic control
[2]. Yet many individuals with T2DM fail to adopt and sustain
a more active lifestyle despite its benefit on both health
outcomes and quality of life[3-5].

Multiple meta-analyses have demonstrated overall success of
mobile-based (mHealth) interventions with text messaging for
glucose self-monitoring and glycemic control while results for
long-term physical activity improvement among those with
T2DM have been mixed [6-8]. However, mHedlth is viewed as
a promising intervention platform given the ubiquity of cell
phones with texting and Internet access capabilities including
among racial and ethnic groups and those with low
socioeconomic status [9-11]. In fact, a 2015 Pew Research
Center survey found that 92% of adults in the United States
own acell phone [12]. Importantly, mobile technol ogies can be
tailored to an individual’s health behavior needsthusincreasing
thelikelihood of initiating and maintaining lifestyle change[6].
Furthermore, text message-based studies have been shown to
be a low-cost and feasible method of conveying health
information because message banks can be predesigned and
automatically sent to individual s on a set schedule. Studies have
employed text messages for education, reminders, and
motivational messaging that can serve as “cues to action,”
aiming to improve glucose monitoring, self-care behaviors,
appointment attendance, and medication adherence [6,13-17].
The Text to Move (TTM) program was a 2-parallel group
randomized controlled trial that recruited participants with
T2DM from health centers affiliated with a large academic
center [18]. All individualsin the study were given an ActiPed+
pedometer—a small, wireless activity sensor—that recorded
daily step count, distancetraveled, calories burned, and activity
time. Daily step counts were uploaded either manually or
automatically (via Bluetooth wireless technology) onto a
Web-based portal. The per subject, per month cost of TTM was
approximately US $30.

Participants in the intervention arm were sent two messages a
day for a 6-month period. An interdisciplinary team of
physicians and health researchers created a bank of over 1000
text messages; subsequently, abehavioral psychologist grouped
messages into the stages of behavior change specified by the

http://mhealth.jmir.org/2017/4/e54/

transtheoretical model of behavior change [19,20]. The
Transtheoretical Model statesthat behavior changeisanonlinear
and dynamic process that involves 6 stages: precontemplation,
contemplation, preparation, action, maintenance, and termination
[21]. Participants' stage of change was measured at enrollment
and reevaluated every month, dictating the content of text
messages sent. The messages were designed to provide
bite-sized (160-character length) coaching based on daily step
count, captured by pedometers, and preset physical activity
goals that were agreed upon at the initial visit. The messages
aimed to provide support, health education, motivation, and
reminders to promote healthy behaviors. The text messages
were designed at a 3rd grade reading level and were provided
in English or Spanish, according to participant preference.
Finally, to optimize engagement, two messages per week were
question-based and required asimple response from participants.
The TTM study design wasfirst tested for participant acceptance
in a 3-week feasibility study with 20 individuals[22].

Purpose of the Study

Behavioral interventions should be theory-driven and take into
account aparticipant’sbdliefs, preferences, readinessfor change,
and perceived risks and benefits. Currently, there is a paucity
of published studies that assess participants experiences with
text messaging interventions, hindering the development of
successful, patient-centered programs. The purpose of this study
wasto collect participants' feedback from the TTM programin
order to ascertain the facilitators and barriers to participant
engagement. In addition, we inquired about (1) overal
satisfaction and perceived effect of participating in the TTM
program, (2) knowledge of and barriersto physical activity, (3)
perception of text message frequency, content, style, and impact
of texts on physical activity, (4) effect of wearing a pedometer,
and (5) barriersto intervention efficacy.

Methods

Recruitment

The study was approved by the Institutional Review Board for
the Massachusetts General Hospital and registered at
clinicaltrials.gov/ct2/show/NCT01569243. A total of 98
individuals completed the TTM study of which 46 were assigned
to the intervention arm and were contacted for poststudy
interviews 6 monthsto 1 year after the study concluded.

Study Procedures

All English-speaking TTM intervention participantswere asked
to participate in one of two focus groups held at two health care
centerswhere participantswere originaly recruited. Thesefocus
groups spanned 90 min, were conducted in English and
employed an in-depth, semi-structured guide (see Multimedia
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Appendix 1). Participants were compensated US $40 for
attending.

If an individua did not attend a focus group or was
Spanish-speaking, they were contacted for atel ephoneinterview.
Interviews were conducted either in English or Spanish by one
of two trained researchers using an adapted questionnaire from
the focus groups (see Multimedia Appendix 2) to facilitate
telephone engagement. Interviews lasted at most 45 min and
participants received US $25. The interview guide was
professionally translated to Spanish and reviewed for accuracy
by two native Spanish speakers. Saturation was reached when
members of the study team determined participant responses
were reoccurring and no new insights or information was being
gathered [23,24].

Data Analysis

All interviews and focus group sessions were audiorecorded,
professionally transcribed verbatim, and then reviewed by team
members for accuracy and completeness. Transcripts were
analyzed with NVivo 9 (QSR International Pty Ltd, Version
9.2.81.0, 2010). A grounded theory approach was used in data
analysis, beginning with two researchers reading three
transcripts and identifying main themes [25]. Three additional
transcriptswere chosen based on richness of text, and four team
members read through each transcript, modifying the codes,

Horner et al

proposi ng subthemes, and drawing connections between codes.
All four researchers conferred and discussed disagreementswith
our application of codes, ultimately finalizing a thematic
framework through consensus. Using this framework, two
researchers double-coded two additional transcripts and
compared our results to ensure high intercoder reliability. In
asking the same questions in the one-on-one interviews and
focus groups, the content was comparable although it was not
possible to quantify our results [25].

Results

Participation

Figure 1 shows the recruitment of the 46 participants from the
TTM intervention arm to attend a focus group or complete a
phone interview 6 monthsto 1 year after the study concluded.
For the focus groups, 38 English speakers were invited, 14
agreed to participate, and 12 individuals attended (7 in thefirst
focus group and 5 in the second). Of the remaining 34
individuals who did not partake in afocus group, 24 agreed to
participate in a phone interview and were scheduled, 19
individuals participated, and 4 were conducted in Spanish. In
total, 31 of the 46 individuals who completed the TTM
intervention participated in either a focus group (n=12) or a
one-on-one interview (n=19), yielding an overall response rate
of 67% (31/46 participants).

Figure 1. Recruitment of participants from Text to Move (TTM) intervention arm.

46 Completed TTM
Intervention

12 participated in one of
the two focus groups

|
e N

Remaining 34 individuals
contacted to complete one-
on-one phone interview:

- 19 participated
- 3refusals

- 3 nonworking phone
numbers

- 4 unable to reach

- 5scheduled, but did not
complete interview

- /

31 participants included in
final qualitative analysis

(Response Rate = 67.4%)
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Participant Characteristics participants in postintervention follow-up sessions were not

Of the 31 participants, 19 were male, and the average age was significantly different in demographic characteristics.

51.4 years (see Multimedia Appendix 3 for full demographics  Thematic Analysis
table). The majority of individuals were married and English . . L . .

) On the basis of English and Spanish interviews, four domains
speakers, had completed &t |east 12th grade or attained aGenera emerged from our analysis: (1) effect of study participation, (2)

Education Development (GED; ie, high school equivalency .
diploma). Approximately half of all participantswere employed effect of wean ng.the pedqmeter., (3) effect of tegt MESSAgEs,
. LA . g and (4) barriersto intervention efficacy. Thefollowing are select
full-time. Compared with individuals who did not participate, . ) . .
guotesin conjunction with Textboxes 1-4.

Textbox 1. Domain 1: themes and subthemes with associated quotes.

Effect of participating in Text to Move (TTM)
Increase in daily disease awareness

. Diabetesis an everyday part of my life. Insulin, pills, of course exercise. | thought (TTM) was awesome, actually. It kind of reminded me every
time| got a text.

Program integrated into daily life

« | mean, first describing it, it seemslike, “ Oh this may be a pain,” but onceit’sjust like everything else, once you implement it into your lifestyle
it becomes second nature and it really wasn’t that bad.

Connections arising from participation
« Increased connection and sense of support from health care team

« | didtrytodo the best that | could, so that the research could open up more doors or more windows to people to get the job done the right
way, to help out others.

«  For me, (the program) did matter because it meansthat | was doing something that people were putting the time and money into it. Because
even if it would have been that | didn’t get anything back, any positive feedback or a reminder, | would have been out. They don't care. So
if they don’t care, why should | care? But just by receiving those text messages on a daily basis and just seeing on the computer how good
| was doing, it just kept giving more encouragement for me to do the right stuff.

«  Ambivalence or no change in connection nor sense of support from the health care team

« | wanted to believe that there was actually a person who gave a crap about what my data said. It didn’t feel that way.

Textbox 2. Domain 2: themes and subthemes with associated quotes.

Effect of wearing the pedometer and receiving texts on daily step count
Mativational through viewing step count and related texts

« I’'mvery much like you where | need that instant—like | need it right now to show me. So with that (pedometer), when | would go home and see
the numbers, that would motivate me, when | saw how close | was...I'd go outside at 11:40 (pm) because | knew | had 20 minutes.

« | waschallenging myself to do better and to go farther than previous...I knew what | did the day before and was like, “ How do | challenge myself
to go alittle bit farther, to push myself a little bit hard today?”

« Itwasvery great to haveit working correctly, and synchronized (to the) computer, and you could have the graph to see if you were up by a little,
you know, how it worked, or your level, you know, how you were doing. A lot of people are visual. So when you see that visual in front of you,

it's very powerful.
Sentinel effect from using the pedometer and receiving step count information
o I'dfeel guilty if | didn’'t reach my goal everyday...| felt bad, like I’'m not doing my homework.

« It made me feel motivated...| would (exercise) because | was afraid they were going to say, “ Hey! Get off that sofa!”

Evangelizing new technology to others not involved in study

. | toldall myfriendsactually, everybody was asking me, “ What's that in your shoes?” Because | put it in my shoes, and | told themthat’s to make
me move (chuckles).
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Textbox 3. Domain 3: themes and subthemes with associated quotes.

Effect of text messages

Text messages as daily reminders

« | never expected that it was a live person behind. | knew it was kind of like, thisissix 0’ clock. I’'m going to get the message, whether it's the same
onethat | had before. | just knew it was like a tool and a reminder. | did find it like a reminder.

Text messages as informational or useful for idea generation for increasing physical activity

«  There were some times that, let's say | didn't walk. They would be like, “ Try to do this type of exercise” ... They would give me an example of
what other exercises | could have done or stuff like that. So it opens up your mind to see what other things you can do.

Textbox 4. Domain 4: themes and subthemes with associated quotes.

Barriersto Text to Move (TTM) intervention efficacy

e Technica issues

o  Personal reasons
«  Lack of investment in the study
«  Comorbidities or physical pain prevented exercise
«  Environmenta factors

« Itwould have been nice, likeif it was raining out, we're all in the same area, “ Even though it’s raining out, you can still get active”

« Didlike of automation of text messages
«  Text messages were too repetitive and predictable

« | cantell that they were a can of limited messages that were repeating over and over again. It seemed like it was coming out and it
was automated, almost like an alarm clock, that would give you a text. | would almost expect it.

« Inability to control text frequency
o  Lack of personalization

« Thetext messages, | thought, were too generic. | thought that they should be specifically more to your accomplishments, and not just
the general daily thoughts of the people that are programming it.

« (The messages) should specifically target that individual...relating to what you are achieving, or what you're trying to achieve.

«  Lack of interactivity of text messages

«  You should be able to voice your opinion, which you can’'t answer them back when they send you a message. That they should let you
do.

«  Limited knowledge of recommended physical activity

Theme: Connections Arising From Participation

I ncreased Connection and Sense of Support From Health
Care Team

Several participants exhibited high relationality withinthe TTM
program, noting that their involvement made them feel as if
“someone cared.” A focus group participant explained, “It felt
Theme: Program Integrated into Daily Life like, yea, someone cares what | did today. Even though | have
Many participants explained that once they grew accustomed great support from my family, it's my private, personal, little

to wearing the pedometer and began to anticipate text messages,  Ceerleader” Other respondents relayed feelings of “being a
the program was incorporated into their daily routine. part of ateam” during participation in the TTM study.

Domain 1: Effect of Study Participation

Theme: Increase in Daily Diabetes Awar eness

Overall, most respondents reported that participation increased
awareness of the daily presence of diabetesin their lives and of
their current levels of physical activity.

Furthermore, when asked if and how the program atered
participants’ views of their clinician or health care center, many
described developing a more positive outlook. In fact,
approximately one-third of participantsreported that it wastheir
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physician who introduced them to the program and encouraged
themto enroll. Oneindividual recollected, “1f (doctors) mention
it to (patients) in the right way, like my doctor did, you'd want
to get involved. | believe my doctor’s the one who really made
me feel comfortable about it.”

Ambivalence or No Change in Connection Nor Sense of
Support From Health Care Team

Almost half of the participants demonstrated low relationality
during the program. In other words, many felt that their
involvement in the TTM program was arbitrary and they did
not believe that anyone was monitoring their progress. When
asked who they perceived to be sending the text messages, a
quarter of respondents had no opinion of the sender. They
expressed ambival ence when asked how the program impacted
their view of their health care center or physician, stating that
their health care provider was not aware of their involvement.

Domain 2: Effect of Wearing the Pedometer and
Receiving Texts on Daily Step Count

Theme: Motivation Through Viewing Pedometer Step Count
and Related Texts

For over half of participants, the pedometer proved to be a
motivating tool, as step count was perceived as a tangible and
realistic target. One female described, “... would see my
numbers and I'm like, ‘I'm so close to this goal.’ | would go
out in my backyard and just walk in circles just to get to that
next level”

Specifically, “seeing the numbers’ represented a goal that
participants could attain. Many participants described that
knowing the previous day’s step count provided a measure that
could be reached or surpassed the following day. The Web-based
portal was generally viewed favorably, as several participants
noted that it was helpful to track progress longitudinally and
observe patterns of physical activity.

Theme: Sentinel Effect From Using the Pedometer and
Recelving Step Count I nformation

Over half of participants explained that they felt their
performanceinthe TTM program was being monitored closely
and thus they felt motivated to improve their levels of physical
activity. Thisawareness of being monitored and the subsequent
adjustment of behavior is known as the “sentinel effect.” For
instance, oneindividua stated, “ The majority of thetime | was
physically active because | knew | was being monitored, and |
was trying to challenge myself.”

Theme: Evangelizing New Technology to Others Not
Involved in Study

A few individuals were very enthusiastic about sharing the
technology with family, friends, and colleagues.

Domain 3: Effect of Receiving the Text Messages

Theme: Text M essages as Daily Reminders

Most participants regarded the text messagesasdaily reminders
about physical activity or a diabetes self-care behavior. This
perception of the text messages as afunctional tool, rather than
a source of motivational or educational information, was very
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common. For example, a participant described, “It reminded
me about taking my medication, it reminded me, ‘ Yeah, | need
to get up and go exercise’ | aways thought it would be good
for quitting smoking, too.”

Theme: Text M essagesas| nfor mational and Useful for Idea
Generation for Increasing Physical Activity

A few individuals recalled that the texts provided helpful hints
on waysto increase physical activity. One participant recounted,
“Instead of parking right next to the door at my work, | parked
at the very end of the parking lot and walked. It was one of these
things, thoselittle reminders, ‘ don’t park so closeto your work,
‘don’t park so close to the mall entrance,’ ‘park farther away,
and get in afew more minutes of walking aday.”

Domain 4: Barriersto Text to Move (TTM) Intervention
Efficacy

Theme: Technical I ssues

The most common complaint with the TTM program was
malfunctioning of the pedometer or computer software, which
led to illogical text messages being sent to participants.
Technological issueswere asource of frustration with aquarter
of respondents. Two participants reported having trouble using
their phone keypads to write a text, preventing a response to
guestion-based messages.

Theme: Personal Reasons

Lack of I nvestment in the Study

Individuals often cited reluctance toward physical activity or
diabetes self-management as reasons why TTM was not
effective. For instance, a couple of participants revealed that
they were not emotionally invested in the program. In discussing
the text messages, one man said, “They weren't
supportive—they probably would have been supportiveif | was
willing to do stuff.”

Comorbidities or Physical Pain Prevented Exercise

About half of respondents explained that comorbidities or pain
prevented physical activity. A few participants wished the text
messages had taken into account the physical challenge
associated with the transition period between a sedentary and
active lifestyle. For example, “1 kind of ignored (the text
messages) becauseif | was hurting | would do nothing. | would
just not pay attention to it.”

Environmental Factors

Many individuals reported that there were externa factors
inhibiting physical activity such as inclement weather, time
constraints, or exhaustion from daily work requirements.

Theme: Didlike of Automation of Text M essages

Text Messages Were Too Repetitive and Predictable

Many participants divulged that the text messaging component
became predictable, monotonous, and toward the end of the
program they would ignore the texts. One male respondent
elaborated, “When they're repetitive, they were nagging because
it'slike, ‘I aready read this, | need something new’ ... it’skind
of sad, but at the end of it, it was like really annoying.”
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I nability to Control Text Frequency

A few participants reported that they became weary of the
unchanging frequency and timing of the text messages. Although
over half of respondents“felt fing” with the number of the texts
messages, a few said that there were too many. Several
participants expressed interest in controlling the amount and
timing of the messages that they received.

Important to note, whereas a few participants were dissuaded
by the automation of the program, others did not mind the
consistency of the text messaging system. One man stated, “To
me it didn’t matter, because when you get a text message it's
so impersonal that it doesn’t matter who it comes from, where
it comesfrom. Aslong asit saystheright thing.” In discussing
the amount and regularity of the text messages, one man
explained, “l1 would say no, not annoyed. | like the word
‘nagging’ better. It was like motherly love.”

Lack of Personalization of Text Messages

There was frustration with the lack of personalization of the
text messages. Severa participants stated that they would be
more likely to read the texts if they contained information
specific to their health goals or progress. In addition to
addressing activity goals, many participants agreed that they
would like the text messages to include a personal touch, such
astheir name.

Lack of Interactivity of Text Messages

The lack of interactivity associated with the text messaging
system was another source of dissatisfaction, participants often
asserting, “there was no way you can respond.”

Theme: Limited Knowledge of Recommended Physical
Activity

There was a lack of differentiation between physical activity
and exercise. When probed during the one-on-one interview,
only 4 participants identified the two as separate constructs.
When questioned about the recommended level of physical
activity for individuals with T2DM, approximately half of
individuals said that they were not aware of the guidelines. A
few respondents said that they received information on
appropriate activity levelsfrom their physician, whereas others
said that they knew that physical activity was important,
although they were not sure how much was necessary. When
asked the most frequent form of physical activity that they
partake in, half of participants replied, “walking,” whereas
one-third of respondents answered, “use of equipment or
weights”

Discussion

Principal Findings

This study reports the perspectives of participants who
completed a texting-based physical activity program for
individuals with T2DM. TTM was a unique program for three
significant reasons: (1) it combined pedometer and text-message
components, (2) the text messages were developed based on
the transtheoretical model of behavior change, and (3)
participants could move between stages of change according to
pedometer activity input. There was general participant
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satisfaction with the program, with over 90% of respondents
agreeing that they would recommend the TTM program to a
friend with some participants evangelizing the pedometer and
TTM to othersnot involved in study. Yet, several themesrevea
sources of frustration among study participants, including alack
of control over program intensity, impersonalization of text
messages, and limited feedback from study coordinators. At the
same time, we found that participants' views on TTM were
impacted both by social influences and personal reasons.

To start, participants varied in their preferences for program
intensity stating that they wanted more control over texting
frequency. Our finding is consistent with the variable-ratio
schedul e operant conditioning phenomenon in which aschedule
of behavioral learning reinforcement is accomplished through
an unpredictable sequence of communication or rewards. This
schedule creates a steady and high rate of behavior change
compared with a fixed schedule that was used in TTM [26].
Other studies have allowed participantsto control the frequency
and timing of text messages [6,27]. One texting-based weight
loss program was designed to automatically reduce the number
of text messages sent to a participant if their response rate was
declining, aiming to minimize annoyance [28]. Texting-based
interventions should utilize the variable-ratio schedul e or permit
greater participant autonomy in regulating text frequency in
order to reduce texting fatigue and increase the likelihood of
engagement.

In addition to the frequency pattern of messages, meta-analyses
of technology-based studies suggest that personalization of
message content can lead to higher participant retention and
engagement [6,7]. Our results corroborate these findings.
Tail oring encompassesthree domains: personalization, feedback,
and content matching (identifying determinants of a given
behavior that an individua must focus on to achieve that
behavioral outcome[29]). In content matching, potential barriers
to physical activity could be identified at enrollment and text
content adjusted to incorporate tailored solutions [30,31]. In
addition, teaching problem solving techniques has been shown
to be an essential component of behavior interventions and
could beeasily integrated into mHealth programs[29] enhancing
participants' self-efficacy and empowerment for long-term
behavioral change [32]. TTM respondents recommended that
messages could incorporate not only name and gender, but also
the participant’s behavioral preferences and goals, perceived
barriers, previous text responses, and medical status. Through
personalizing text messages, participants could feel “ coached”
as opposed to “hassled,” potentially increasing their attention
to messages. Importantly, the feasibility of personalization has
been demonstrated in several texting-based studiesthat rely on
low-cost computer programming to formulate messages[32,33].

Immediate feedback is also considered a cornerstone of a
tailored invention as it is used to validate and encourage
participants progress[34-36]. TTM was characterized by mostly
unidirectional, computer-generated communication that many
participants found exasperating. However, other participants
reported increased connections arising from participation and
were very pleased with the program’s design. Evidence of high
relationality included perceived programmatic or clinical
support, being “a part of ateam” and the “sentinel effect” (ie,
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the tendency for performance to improve when participants
become awarethat their behavior isbeing evaluated and believe
that meaningful consequences could follow). Our results suggest
that through amplifying the “human component” via
interactivity, the monotony of automated messaging, often
necessary dueto feasibility and cost restrictions, could perhaps
be overcome. For example, CareSmarts, a successful diabetes
behavioral modification intervention, combined
computer-generated text messaging with remote nursing support
[27]. The interactive nature of the text messages allowed for
immediate nursefollow-up if ahealth problem arose. Although
we were unable to correlate relationality with outcomes,
previous studieslink participant awareness of “someone on the
other end” to greater participant activation, retention, higher
self-efficacy (ie, an individual’s belief that a behavior-specific
goa can be achieved), and greater physical improvements,
including a larger reduction in HbA1c (glycated hemoglobin)
[7,27,35,37-39]. It is important to consider that requiring a
response from participants may entail a higher level of mobile
phone proficiency. At the same time, expanding the role of
program staff may increase social support and subsequently
improve diabetes self-management [40]. There is limited
evidence that text messages are a sufficient stand-alone tool to
engage patients in long-term, complex behaviora change and
our findings highlight the value of maintaining human
interaction in a technology-based program [41].

Identified themes pertaining to preference for increased
relationality align with the unified theory of acceptance and use
of technology (UTAUT), which outlines several factors
influencing technology adoption: effort expectancy (perceived
ease of use of the technology); performance expectancy
(perceived usefulness of the technology); and social influences
(perceived expectations from others regarding one's personal
use of the technology [42]). Effort expectancy is essential to
technol ogy adoption and future studieswill need to offer varying
degrees of continual technical support. Problems with
technol ogy wasthe most frequent complaint among partici pants
and perhaps contributed to disengagement with the program.
Our analysis also revealed that performance expectancy and
socia influence shaped participants’ perceptions of the TTM
program, particularly if they felt connected to their health care
provider and clinic. Prior studies have found that participation
over time in mHealth interventions can be improved through
regular reminders from clinicians and that there is a patient
preference for occasional in-person interaction with physicians
[43,44]. mHealth interventions should underscore perceived
support from clinical team members and further investigate
optimal contact intensity for program success. This is critical
when considering the importance of end-user satisfaction in
increasing long-term success [45].

Finaly, itisimportant to recognize that T2DM isamultifaceted
condition affected by a range of behavioral and physiological
processes. The theme describing text messages as reminders,
which while useful to many, revealsthat TTM may have been
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too narrow in scope to promote long-term behavioral change.
Unlike interventions aimed at achieving smoking cessation or
hand washing, programs that seek to increase physical activity
levels may require a more comprehensive approach [46,47].
Severa texting-based studiesthat address physical activity along
with supplemental behaviors such as diet, tobacco use, and
diabetes self-care activities, have demonstrated greater health
outcomes and lower attrition rates [48,49]. Other studies
involving individuals with T2DM have successfully integrated
a glucometer with a mobile device to monitor blood glucose
levels[45,50]. Thereare several behaviorsimplicatedin T2DM
outcomes and interventions should reflect this compl exity. Prior
non-mHealth physical activity behavioral interventions have
included additional featuresthat may be of usein mHealth-based
studies: (1) goal setting; (2) behavioral contracting; and (3)
adjustable physical activity goals that are personalized to a
participant’s stage of change [49].

Limitations

Despite study strengths, our results should be interpreted with
thefollowing limitations. First, interviews were conducted hal f
a year to one year following closeout of the 6-month TTM
program. Therefore, recall and social desirability biases may
have impacted participant responses to be more favorable than
if collected during or immediately after the intervention.
However, we are reassured that the data collected during focus
groupsand one-on-oneinterviews, though spaced months apart,
revealed common themes. Finally, our results may not be
generalizable to other settings because our participants were
recruited from community health centersaligned within alarge,
urban academic health center in Massachusetts. Participants
were mostly English-speaking and had high levels of educational
attainment and employment.

Comparison With Prior Work

Texting-based interventions have the potential to improve
diabetes self-management and enhance physical activity in
individualswith type 2 diabetes. Future studies should prioritize
participant involvement and input in the design of texting
features[51]. In addition, enhancing the human connection, via
in-person or telephone contact, while also providing personal
feedback and problem solving guidance may increase program
efficacy, as participants are made to feel accountable and
supported during the study. Finally, including supplemental
health behaviors in the content of text messages, such as diet
and medication adherence, may aid in participant engagement.

Conclusions

Although text messaging represents a scalable and cost-effective
method of facilitating communication between patients and
their health care team [52], our results suggest that texting
should not substitute, but rather supplement clinical support. In
all, twice-daily text messages paired with a pedometer device
were generally accepted as congruous tools to motivate and
monitor physical activity for individuals with type 2 diabetes.
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Abstract

Background: Nutrition and diet apps represent today a popular area of mobile health (mHealth), offering the possibility of
delivering behavior change (BC) interventions for healthy eating and weight management in a scalable and cost-effective way.
However, if commercia apps for pediatric weight management fail to retain users because of alack of theoretical background
and evidence-based content, mHealth apps that are more evidence-based are found |ess engaging and popular among consumers.
Approaching the apps devel opment process from amultidisciplinary and user-centered design (UCD) perspectiveislikely to help
overcome these limitations, raising the chances for an easier adoption and integration of nutrition education apps within primary
care interventions.

Objective: Theaim of this study was to describe the design and devel opment of the TreC-LifeStyle nutrition education app and
the results of aformative evaluation with families.

Methods: The design of the nutrition education intervention was based on a multidisciplinary UCD approach, involving ateam
of BC experts, working with 2 nutritionists and 3 pediatricians from a primary care center. The app content was derived from
evidence-based knowledge founded on the Food Pyramid and Mediterranean Diet guidelines used by pediatricians in primary
care. A formative evaluation of the TreC-LifeStyle app involved 6 families of overweight children (aged 7-12 years) self-reporting
daily food intake of children for 6 weeks and providing feedback on the user experience with the mHealth intervention. Analysis
of the app’s usage patterns during the intervention and of participants' feedback informed the refinement of the app design and
atuning of the nutrition education strategies to improve user engagement and compliance with the intervention.

Results: Design sessions with the contribution of pediatricians and nutritionists helped define the nutrition education app and
intervention, providing an effective human and virtual coaching approach to raise parents awareness about children’s eating
behavior and lifestyle. The 6 families participating in the pilot study found the app usable and showed high compliance with the
intervention over the 6 weeks, but analysis of their interaction and feedback showed the need for improving some of the app
features related to the BC techniques “ monitoring of the behavior” and “information provision.”

Conclusions: The UCD and formative evaluation of TreC-LifeStyle show that nutrition education apps are feasible and acceptable
solutions to support health promation interventionsin primary care.

(JMIR Mhealth Uhealth 2017;5(4):e48) doi:10.2196/mhealth.7080
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mHealth; child; overweight; pediatrics; health behavior; evaluation studies
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Introduction

Background

Mobile technology has experienced impressive gains in
popularity in recent years [1]. As people typically develop a
strong attachment to their mobile devices and frequently keep
this technology with them all the times, mobile platforms
provide a critical source of information and motivation for
engaging users with health interventions and behavior change
(BC) [2-3]. Mobile devices increase the potential to promote
healthy nutrition behaviors, and today nutrition and diet apps
represent the fastest growing field of health promotion apps[4].
Mobile health (mHealth) apps for nutrition education can be
suitable solutions to support parents’ involvement in childhood
weight management interventions provided in primary care, as
thisis often the families' first point of contact with the health
care system [5,6]. The delivery of a primary care intervention
by leveraging on digital and mobile support facilitates a higher
complianceto it by the target users such as parents, who might
have tight daily agendas, difficulties in tracking children’s
weight-related behaviors over aday per week on paper diaries,
and location difficulties[7]. Also, nutrition education apps make
it possible to follow up healthy eating interventions long after
their completion, atime when rel apses are most likely to occur,
thus supporting maintenance of heathy behavior in the
long-term [8].

Today, a large consensus exists in recommending the
development of mHealth interventions as based on evidence,
BC theory and taxonomies, as well as on formative evaluation
with the target user groups [9,10]. However, still a majority of
children weight management apps do not use any recommended
strategies or behavioral targets[11], and afew apps specifically
target parents or families, which instead play a key role in
supporting children’s adoption of healthy lifestyles [12,13].
Moreover, recent studies have shown that commercial mHealth
apps are more engaging and better appreciated by users with
respect to evidence-based mHealth apps[14], but the quality of
information provided by commercial mHealth apps is often
rated as quite poor [15,16]. This suggests that a thorough
user-centered design (UCD) approach informed by
theoretical-empirical knowledge, aswell as by user engagement
principles, is required today to ensure a wide adoption of the
mHealth intervention provided [10,17-19].

Involving all relevant stakeholders and target users in the
development of such interventions may help improve their
effectiveness and acceptability [20,21]. Getting early feedback

http://mhealth.jmir.org/2017/4/e48/
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from end-user populations hel ps ensure quality and usefulness
of content, and the involvement of stakeholderswho play arole
in providing careto or managing overweight childrenisthe key
toinform feasibility and usability of the solutionsdesigned [22].

User-Centered Approach

This study describes how a UCD approach [23] founded on
primary care practices and requirements was deployed for
developing the TreC-LifeStyle app for nutrition education, and
how the vaidity of the mHealth intervention designed wastested
with representatives of the target user group in a formative
eva uation.

Methods

mHealth Intervention Design and Development

The design and development process of the TreC-LifeStyle
mHealth intervention followed four main stages (Figure 1):

1. Collecting requirements from primary care professionals
on nutrition education practices, guidelines, and on the
typical profilesof parentsor familiesthat could most benefit
from the intervention

2. Prototyping the app features based on the collected
requirements and on a review of nutrition education apps
already available in the market

3. Revising the prototyped features with pediatricians and
nutritionists with respect to content and BC strategies

4. Deploying the intervention in aformative evaluation study
with target families for further refinement of the mHealth
app and intervention

In stages 1 and 3, several meetings were held in 2015 among
the design team, involving expertsin BC interventions, working
together with 3 pediatricians and 2 nutritionists from primary
care services in the Trento region (Italy). In stage 2, the design
team reviewed state-of-the-art features in nutrition education
apps available in the market, then mapped the requirements
collected with the most appropriate BC techniques proposed by
international standards and taxonomies [24]. It aso developed
a concept for providing the mHealth intervention in the most
intuitive way, reducing as much as possible attention thefts by
the app for children’s food intake reporting and monitoring by
parents.

In stage 4, a protocol for the formative evaluation study was
prepared by the design team and then deployed for
understanding usability and feasibility of the mHealth
intervention with target users.
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Figure 1. The design and development stages of the mHealth app intervention. BC: behavior change.

Focus on Users” Needs

4. Review nutrition
education apps

5. Map requirements

to app features

B. Prototype app

1. Understand
Mutrition Education
practices

2. Define target
parents or families

3. Define nutrition
education content

10. Define study
protocol

11. Piloting app with
target users

12. Refine app

. Review app content
with experts

8. Rewview app features
for BC intervention

9. Implement app
refinements

Focus on Primary Care Needs

Nutrition Education Requirements

In stage 1, pediatricians helped better understand the nutrition
education practices and typical interventions provided in
pediatrics primary care to prevent children from being
overweight [25], as well as the main obstacles met by parents
and families in adopting healthy eating behaviors. A main
objective for pediatricians is to teach parents how to adhere to
the eating guidelines provided by the Mediterranean Diet and
the Food Pyramid while educating their children on healthy
nutrition and managing them. Parents of overweight or obese
children aged 6-12 years often seek support from primary care
services, they might be prepared to change, but often fail in
putting into practice healthy eating practices. In recent years,
pediatricians tend to recommend nutrition education programs
based on Therapeutic Patient Education [26] rather than Dietetic
Therapy [27], as prescriptive dietary approaches are often
perceived as more stigmatizing of individuals' behaviors and
were found less acceptable and effectivein achieving BC inthe
short- and long-term [28]. Educational approaches avoid an
exclusive focus on children’s food intake calories control, but
encourage parentsto become more aware about their children’s
lifestyle, including both eating behavior and physical exercise
and the complex system of emotional perceptions related to
food intake. Accurate, reliable, and personalized monitoring of
children’s lifestyle is aways a challenge during primary care
intervention; mHealth apps can improve the delivery of these
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interventions, helping nutrition education to turn into effective
BC, but they need to be enough motivating and engaging to be
used by families to achieve the desired objectives.

TreC-LifeStyle App Description
As an output of stage 2, a first prototype of the mHealth app
was devel oped based on amapping of the requirements collected

from primary care expertswith nutrition education features most
likely to support the desired BC effectively (Table 1).

The mobile app is part of the TreC platform used in the Trento
region as a citizen-controlled clinical record system allowing
users to manage their own hedlth and facilitating
communicationswith health care professional s and institutions
[29,30].

In case of the TreC-LifeStyle solution, pediatricians can access
dataof their patients (child or parent) from aWeb app dashboard
(Figure 2) integrated into the TreC platform; they can configure
the app intervention for each patient, prescribe it as a nutrition
education intervention, and visualize data related to the
intervention to inform follow-ups with patients. The
TreC-LifeStyle prototype app was developed for Android
devices only in this phase, with the plan of implementing both
Android and iOS versions of the mobile app after the formative
evaluation phase. To ensure confidentiality of the dataacquired,
the TreC-LifeStyle platform saves datain the local database of
the user mobile phone device, in an anonymized format. The
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anonymized data are then transferred on to a server by means
of rest calls requiring security authentication of level 2
(username and password). This way, the identity of the
user-participant is only known by the pediatrician who has
prescribed the mHealth intervention.

The target user of the TreC-LifeStyle intervention is the
child-parent—dyad in need of overweight or obesity prevention
support. In order to minimize possible acceptability concerns
related to young children’s use (and possible abuse) of the

Gabrielli et a

mobile technology, the TreC-LifeStyle app is meant to be
installed on the parent’s mobile phone and used primarily by
the parent as a supporting tool for more precise monitoring of
the child's food intake and physical activity during the
intervention. To ensure child engagement during the BC
intervention, the child is asked to wear abracel et (synchronized
to the mobile app) for automatic tracking of daily steps to be
reviewed with the parent on the TreC-LifeStyle home display
and for checking the achievement of daily physical activity
goals.

Table 1. Mapping of user requirements to TreC-LifeStyle app features and behavioral change techniques.

User requirements App features

Behavioral change techniques

Time-saving, convenient, intuitiveinterac-
tion

Digital tracking of child'sfood intake over

time balance

Tracking of compliance with healthy nu-

trition guidelines on reports

Automatic tracking of child’s physica
activity

Daily steps display

Motivation to increase physical activity ~ Stepslabel in gold

Memory aid for future food purchases Shopping list

Food intake dashboard (including recommended portions and quanti-
ties), virtual coaching messages

Colors of food categories on dashboard, reports of meals and nutrient

Color or blinking of food boxes on dashboard, color of nutrient bars

Instruction on how to perform
the behavior

Monitoring of the behavior

Feedback on the behavior,
prompt or cues

Review behavioral goal achieve-
ment

Rewarding

Information provision

The concept design of TreC-LifeStyle app was based on the
following principles:

1. Thedelivery of evidence-based nutrition education content,
compliant with primary care practices, supporting
knowledge and adoption of the Mediterranean Diet, Food
Pyramid guidelines[31-33], and at least 10K stepsof daily
physical activity by children.

2. Alow-burden reporting of children’sfood intake by parents
by means of an intuitive food dashboard screen on the app
(Figure 3), based on the food categories recommended by
international and national guidelines on healthy nutrition
[31-33], combined with monitoring, feedback, rewarding,
and virtual coaching features proposed by international
taxonomies of BC techniques[24].

3. Automatic tracking of children’sphysical exerciseby means
of commercia devices like Jawbone and Misfit bracelets
integrated with the app’s features: The number of daily
steps detected from the wearable device is displayed onthe
home page of the mobile app, close to the display of the
calories intake. When the child reaches the goal of 10 K
steps per day, the steps label turns to gold to acknowledge
the goal achievement.

Children’s daily food intake reporting is done by parents who
play akey rolein children’s nutrition management, by selecting
food elements on the app dashboard with a few clicks (Figure
3): When correct food elements and portions are selected, the
corresponding food box turns green, if food elements and
portions exceed the recommended quantities, the box turnsred
whereas unselected food elements and portions remain gray.
Gray boxes go on a blinking mode when the participants have
filled in their daily food intake without including sufficient
types and quantities of recommended food. This is to prompt
the parent participant to align with the guidelines’ indications.

http://mhealth.jmir.org/2017/4/e48/

Colored barsin the app display aso help the parent participant
to achieve a better balancing of nutrientsin children’s meals;
red bars are shown to indicate excessive quantities consumed
in a mea or nutrient (eg, lipids, carbohydrates). The bars
lengthsare used to indicate at aglancethat different mealshave
different importance during a day.

Additional monitoring and feedback features (Figure 3) allow
the parent participant to (1) monitor the food consumed, in a
day or week, (2) visualize calories intake distributed in the
principal meals and nutrients through progress bars. Based on
personal food intake statistics, the virtual coaching function
sends to the user daily reports summarizing deviations versus
correct nutrition behavior with respect to the healthy diet
guidelines. The virtual coach a so sends notifications reporting
guidelines for healthy diet adoption during the first 11 days of
intervention (1 per day), covering basic topics relevant to
nutrition education. Other more detailed information about food
properties are available and can be inspected by the user on the

app.

The app also provides a simple shopping list feature, allowing
aparent participant to mark food to be purchased over aweek,
with the possibility of changing the family size (Figure 3).

During stage 3, the prototype concept and design were presented
totheclinical stakeholdersinvolved in stage 1 who revised both
the app content and the BC features.

A main suggestion provided by pediatricians was to keep the
overal mHealth intervention within a duration period of 6
weeks, as this is aligned with the typical brief prevention
programs delivered in primary care to families to support
children’sweight management. Clinicians also advised to keep
the food intake-reporting task on the app as simple and low
demanding as possible for the participants in the initial phase
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of familiarization with the mHealth intervention. Based on these
suggestions, a basic version of the app (vA) was provided to
participantsin thefirst 3 weeks of theintervention, not requiring
an exact specification of children’s food intake, but a smple
reporting of type of food and portions consumed by children.

Figure 2. The TreC-LifeStyle mobile and Web platform.

Gabrielli et a

In the following 3 weeks of the intervention, the app
automatically upgradesto amore advanced version (vB), where
more preci se quantities of food intake, dressing of food, and so
on can be reported.

Figure 3. Screenshots of the TreC-LifeStyle app features: food-intake reporting, weekly report, and shopping list.

=% shopping

Weekly shopping for 3 people i i i

" ) Pasta, rice, other cereals (1920g)
Bakery products (420g)

@ seasonal fruits (6.3Kg)

. Seasonal vegetables (8.4Kg)

_ ) Potatoes (1200g)

. Milk and yoghurt (5.25Kg)

) Red meats (600g)

~ ) White meats (900Kg)
" )Eqgs (360g)
| \ Legumes (600g)

For mative Evaluation

In stage 4, aprotocol for conducting a usability and feasibility
study of TreC-LifeStyle was prepared and discussed with the
clinical stakeholders to ensure alignment during the pilot.
Researchers obtained ethics approval of the study protocol by
their Institutional Review Board. As shown in Figure 4, the
study involved 3 screening meetings with participants at the
primary care offices. At the pilot start, to assess (1) parents
knowledge of the Mediterranean Diet (KMD) guidelines; (2)

http://mhealth.jmir.org/2017/4/e48/
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Processed meats (450q)

" ) Fish, shelfish, clams (900g)

state of change (SoC) for healthy nutrition-measured by an
adapted version of the URICA-short-form scale, based on the
4 readiness to change states of the Transtheoretical Model of
Change [34,35]; and (3) intention to use (IU) technology for
nutrition education, as well asto train participants on usage of
the app and of the activity tracker. After 3 weeks of the app VA
usageto assess any change on the screening factors and eval uate
parents’ perceived usability of the app (System Usability Scale
Questionnaire[36]). After 6 weeksfrom the study start, to assess
any change on the screening factors after using vB of the app
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and to investigate more in depth the participants’ experience
with the mHealth intervention in a final semi-structured
interview involving both parents and children. Participantswere

Gabrielli et a

allowed to continue to use TreC-LifeStyle and the activity
tracker for the following weeks, on avoluntary basis.

Figure 4. Protocol of the TreC-LifeStyle’s formative evaluation conducted in stage 4. vA: version A; vB: version B; KMD: knowledge of the
Mediterranean diet; SoC: state of change; 1U: intention to use; SUS: system usability scale.

T1: v(A) app usage+stepcounter

T3: v(B) app usage+ stepcounter

|
@ o .I I
-]

First screening session 1h

1) TreC-LifeStyle app and stepcounter

delivered; consent forms signed

2) Assessment of KMD Second screening session
3) SoC assessment 1) Assessment of KMD
4) U assessment 2) SoC assessment
3) IU assessment

4) Usability (SUS) assessment v(A)

Study Participants

A convenience sample of 6 families attending a pediatric center
inthe Trentino areafor problemsrelated to overweight children
was recruited. The group included parents with children aged
7-12 years, classified as overweight (BM| 85th-94th percentile),
familiar with the use of mobile phone technology. Familieswith
children already affected by obesity and by motor impairments
limiting physical activity were excluded.

Participants were contacted and invited to join the study by
phone. If they were interested in participating, an appointment
for a recruitment and introduction session was made at the
pediatric center. Parent participants provided written informed
consent prior to their inclusion in the study.

Data Analysis

Descriptive frequency analyses were conducted on the
quantitative data about the use of the TreC-LifeStyle app with
respect to the prescribed intervention phases. At the qualitative
level, positive, negative, and improvable aspects of the
participants’ experiences with the TreC-LifeStyle app versions
were descriptively coded. Interviewswere transcribed verbatim
and participants were assigned anumerical indicator (eg, Parent
1=P1). Transcribed datawere subjected to an inductive thematic
analysis procedure[37], which enabled the researchersto break
down the data and identify some core themes that could have
relevant implication for the future refinement of the mHealth
intervention. Three team members completed the analysis
independently. Transcripts were read several times to identify
units of meaning in the data. Units of data (quotes) wereisolated
and similar quotes were grouped together asthemes. Data coded
within each themewere compared to ensure exclusivity. Themes
were placed into 1 of 3 inductively generated groups according
to positive feedback, negative feedback, and recommendations
for improvements expressed by participants' quotes. These

http://mhealth.jmir.org/2017/4/e48/

RenderX

T5: voluntary usage of app
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1) Assessment of KMD

2) SoC assessment

3) IU assessment

4) Usability (SUS) assessment v(B)
5) Semi-structured interview

groups were initially created by 1 researcher and then
independently verified by 2 other researchers. Themes arising
from postintervention interviews were compiled and presented
inatabular form. A meeting among the 3 researcherswasfinally
held to revise the list of themes in the groups and resolve any
difference.

Results

Screening Outcomes

The participants group included 6 parents (5 females, 1 male)
of 6 overweight children (2 females, 4 males), mean age 9.16
years (SD 2.13). No participant dropout occurred during the
prescribed intervention phase (first 6 weeks of app usage).

Parents KMD was good before the intervention and dlightly
improved at the end of the intervention (mean score from 12.5
to 12.70 on atotal score of 15) with more than 80% of correct
responses provided.

It was found that 4 out of 6 parent participants were classified
at contemplation SoC before the intervention, but moved to
action level after the 6 weeks' intervention (Table 2).

All parent participants expressed a strong 1U mobile apps for
supporting the acquisition of healthy nutrition and lifestyles by
children, both before and after the intervention (average rating
was 5 on a5-point Likert scale).

Usage Patterns and Usability of the TreC-LifeStyle
App

During the pilot study, TreC-LifeStyle’'s app was used by both
parents and childrenin 3 out of the 6 familiesinvolved (P2-child
aged 10 years, P3-child aged 12 years, and P6-child aged 11
years). Inthe above three cases, both children and parents shared
thefood-intake reporting task and used the app during the study.
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In other cases, it was the parent participant using the app for
food-intake reporting and analyzing feedback, whereasthe child
wore the activity tracker and checked with the parent the
achievement of the activity goal of 10 K steps per day on the

app mainly.

The adherence to the mHealth intervention was very high during
the first 6 weeks, with a percentage of meals inserted always
higher than 90% (mean number of mealsinserted per day 2.79),
showing that participants kept track of most of their meals and
were compliant with the intervention request. Thisfinding also
shows a good user acceptance and effectiveness of the BC
techniques “instruction on how to perform the behavior,”
“feedback on the behavior,” and“ prompt or cues’ implemented
by means of the food intake dashboard of the app and of the
virtual coaching function. In thefollow-up phase, when families
could use the app on a voluntary basis, 2 participants almost

Gabrielli et a

dropped out (P2 and P6) and the other participants lowered
interaction with the app considerably (mean number of meals
inserted per day 0.44). The follow-up phase occurred during
children’s summer holidays, and this had a strong impact on
families' daily routines and usage patterns (eg, in summer
schools children were not allowed to use wearable devices for
Security reasons).

The frequency of usage of the daily statistics on food intake
reported (Table 2), as well as of weekly statistics and of the
shopping list feature shows that these app’sfunctionalitieswere
rarely used by parent participants during the study. Therefore,
arefinement of the app features supporting the BC techniques
“monitoring of the behavior” and “information provision” is
required, in order to make these features more engaging and
useful from a user’s perspective.

Table 2. State of change (SoC), pre-post intervention, daily statistics visualization, percentage of goal achievement (10 K steps per day) in the last 3
weeks of intervention, difference of total deviations from healthy diet in week 1 and week 6 by participants (n=6).

Partici- SoC Daily statisticsvisualization % of physical activity goa achieve-  Difference of total deviations from
pant pre-post intervention ment—ast 3 weeks of intervention healthy diet in week 1 and week 6
P1 Maintenance 62 121 0

P2 Contemplation-action 9 133 2

P3 Contemplation-action 9 74 0

P4 Contemplation-action 195 138 1

P5 Maintenance 18 101 -1

P6 Contemplation-action 0 113 -5

The result of children’s physical activity tracking was very
positive, with most of the children participants reaching, and
even overpassing the daily goal of 10 K steps (Table 2).
Therefore, we can state that the app features related to the BC
techniques “review behavioral goal achievement” and
“rewarding” contributed well in supporting children’'s
engagement with the TreC-LifeStyle intervention and their
motivation to reach physical activity goals.

By comparing the number of food portion deviations from
healthy diet guidelines during week 1 (W1) and week 6 (W6)
of the study (beginning and ending weeks of the intervention),
we observed that 2 children showed stable behavior, 2 children
made a few more deviations, and 2 children made fewer
deviations (Table 2). It was noted that the absolute number of

http://mhealth.jmir.org/2017/4/e48/

deviations per week was not very high in both weeks, which
indicates a persisting commitment of participants to comply
with the objectives and indications provided by the nutrition
education intervention.

Overall, parent participantsrated the usability of TreC-LifeStyle
app very positively. Both app versionsvA and vB were assessed
asbeing at the best imaginablelevel of usability, obtaining SUS
mean scores of 95 and 97.92, respectively.

Qualitative Evaluation of the Intervention

Table 3 presents a list of core themes regarding positive,
negative, and improvable aspects of the app design reported by
participants during the interviews carried out at the end of the
mHealth intervention.
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Table 3. List of core themes and relative example quotes derived from the qualitative analysis of participants’ post-intervention interviews.

Themes groups Themes Example quote
Positive feedback Simplicity of food-intakereporting | prefer vB asit is more precise regarding calories...and food quantities...
[Parent, P6]
Conscious food purchases We have changed our habits at the store...we do not care much about special
offers anymore. [Parent, P3]
Family awareness of dietary | realized that | used to prepare French fries or fried food too often... [Parent,
choices P6]
Influence on meals preparation Mom and daddy checked the app to decide what to prepare for lunch and dinner...
[Child, P3]
Children’s goal-driven motivation | use the app moreif thereisthe bracelet...| want to achieve the goal 100%...
[Child, P2]
Negative feedback Difficultieswith food portion as- It was not easy sometimes to know the portion of food consumed... [Parent, P5]

sessment

Poor engagement with secondary
app’s features

Problems with children’s use of
wearable trackers

Recommendations for im-
provement

Visua display of caloriesintake
or burnt

Support to food categorization

We did not understand much the functionality “ shopping list” so we never used
it [Parent and child, P1]

| could not wear the bracelet during some of the sport activities at school, it was
forbidden [Child, P2]

It would be interesting to have the app showing information about burned
calories or intake [Parent, P4]

It would be good to get some app’s help on categorization of some particular

foods, like“ polenta” [Parent, P6]

Healthy recipes provision

| would like to receive suggestions on recipes for next meals, as some daysit is

not easy to find new ideas for meals preparation [Parent, P5]

All interviewees reported that both the app versions were
intuitiveto use and val uable as educational toolsto deepen their
knowledge of healthy nutrition and of the Mediterranean Diet.
Most participants expressed a preference for vB over VA, by
saying that vA was good enough to get some general knowledge
of healthy nutrition, but vB was more precise and allowed a
more accurate input of food intake also in terms of quantity.

Some participants also thanked the app intervention, as their
family had become more aware about dietary choices over a
week, and less influenced by specia offers at the store when
buying food.

Participants reported being influenced by the feedback provided
by the mobile app, which marked the categories of food in red
when deviating from ahealthy diet. Thefood categories marked
in red were checked every evening, after dinner, affecting
decisions about meals to be prepared the day after.

A strong support for motivating the app usage over the
intervention was provided by the associated wearable devices
used to track the physical activity of children, which triggered
participants’ interest in monitoring and reflecting over calories
intake versus consumption during the day. Parents reported that
children were very interested in monitoring their activity levels
and they tried to comply with the 10 K steps per day goal every
day, as confirmed also by the activity logs.

Participants found some difficulties in reporting food intake
especialy with VA, as they could not find out how to specify,
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approximate, or exact food quantities, as well as the dressing
of the food consumed.

Most participants did not use at al or accessed a few timesthe
weekly reports of the monitoring feature and the shopping list
feature. It is likely that participants did not find these features
particularly useful, which turned out not to contribute much to
the user engagement with the app.

Some participants also reported issues with the use of the
Jawbone or Misfit devices to be worn by their children during
the intervention. For example, during sport activities, children
were not allowed to wear the device and this prevented a full
synchronization of the physical activity tracking with the diet
monitoring features.

Participants were recommended to refine the mobile app by
including a visual display of balance between calories intake
or burning, which was not provided in the tested app versions.
They also asked to facilitate as much as possible the input of
some types of food that were less obvious to categorize (eg,
corn item under cereals). Moreover, they proposed adding app
suggestions on healthy recipes for next meals preparation, in
order to consolidate their adoption of the Mediterranean diet in
their daily lives.
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Discussion

Principal Findings

To our knowledge, thisis one of the first studies documenting
the UCD of an mHealth app intervention for nutrition education
targeting children aged 7-12 years, developed starting from the
needs and practices of primary care in pediatrics, aso
investigating in depth the user compliance and experience with
the intervention by 6 families over a period of 6 weeks.

All participants used the app regularly during the intervention
period, showing a good compliance of users with the nutrition
guidelines and the physical activity goals. Shared usage of the
mobile app was observed especialy in the families of children
aged 10-12 years, so thismight further suggest the acceptability
and appropriateness of mHealth solutions for this target user
group. As this was a pilot study aimed at testing and further
improving our mobile app before its larger deployment, we
focused on the usability and feasibility of the mHealth
intervention, aimed at realizing an effective human and virtual
coaching system for nutrition education programs in primary
care.

Design of an mHealth Intervention for Obesity
Prevention in Pediatric Primary Care

The main difference between our TreC-LifeStyle app and
commercial nutrition apps is that it targets families of
overweight children attending pediatric primary care programs.
Therefore, itisfully integrated with health promotion knowledge
and approaches based on clinical evidenceand it allowstailoring
of the intervention to the specific needs and profile of each
participant (eg, configuration of the app based on children’sage
and weight by the pediatrician before prescription). Beyond
supporting a more precise assessment and personalized
intervention for obesity prevention in childhood, the
TreC-LifeStyle approach hasthe potential to scale-up to become
a useful tool for delivering prevention programs to the target
population groups, by leveraging on participants motivation,
knowledge, and self-management skills [38] combined with
clinical coaching and support by pediatricians. From a health
care perspective, the TreC-LifeStyle platform is an effective
cost-benefit solution for collecting dataon children’s behaviors
and lifestyle more reliably, which can be used during primary
care vidits to inform doctor-patient dialog and facilitate BC
goals[39]. Thisisalso aligned with previousresearch, showing
that stand-alone mHealth technologies are unlikely to drive BC,
but are most useful when used concurrently with traditional
care[40,41].

User Experience of the Mobile App

The analysis of the mobile app usage by participants showed a
very high adherence to the intervention over its 6 weeks
duration, with amean number of mealsinserted per day of 2.79.
The most frequently used features of the app were the food
intake reporting and feedback dashboard, as well as the
monitoring of the physical activity levels, that turned out to be
also the most appreciated functionalities of the app from the
participants’ subjective reports. These results are consistent
with previous research, which shows the benefit of mHealth
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apps in supporting participants self-regulation [42] and an
increasing of physical activity [43,44].

However, we observed a considerable drop in the number of
daily meals inserted in the app during the follow-up period
(mean 0.44), which confirms how food intake recording might
impose a high level of burden on users and represent a main
challenge if requested out of BC interventions provided by
health care providers [45]. A revised version of our mobile app
will feature 3 different steps or levels of nutrition education to
go through, raising first the user’s awareness on categories of
food consumed over a week, then on portions, and finally on
balance of nutrients. Thisway the educational support provided
by the app and virtual coaching system developed is expected
to help the user to deepen their learning of healthy eating
behaviors, step by step, unlocking contents at growing levels
of detail.

Usability of TreC-LifeStyle was rated as very good by all
participants. A positive effect of the intervention was also
observed in terms of parent participants SoC, achieving action
or maintenance levelsfor all participants after the first 3 weeks
of the intervention. However, a deeper analysis of participants
comments on their user experience with the app indicated that
additional support in defining or inserting food quantities should
be provided. Another requested improvement of the app
regarded the visual display of the ratio between calories intake
and burnt and a possi ble replacement of the shopping list feature
with a more engaging support in recommending recipes
preparation compliant with healthy dietary guiddines. Itislikely
that the design of some app featuresrel ated to the BC techniques
“monitoring of the behavior” and “information provision” was
not optimal for ensuring parents engagement, which is
important for BC [46]. In our revised app, the virtual coaching
function proactively invites the user to consult the reporting
features periodically (eg, in the evening, weekend) and takes
into account user’s current deviations from healthy guidelines
to propose goal settings and suggestionsrelevant to rebalancing
food intake and unhealthy behaviors.

Limitations

There are several limitations in this study. First, developing an
mHealth intervention by deploying UCD methodology israther
time- and resource-intensive [9-47]. Some refinements of the
features developed need to be implemented before a future
large-scale deployment of our app, and going through the
different phases of our intervention design took much longer
than thetypical design timeframe of commercia appsfor health
promotion [48]. Another limitation is that our pilot study
involved asmall group of participants (parent participantswere
mainly mothers), which may not reflect the need of other
families of overweight children in our target population.

However, to our knowledge, this study is one of the first to
assessthe usability and feasibility of amHealth app intervention
targeting families of overweight children aged 7-12 years over
a 6-weeks' deployment and follow-up period in aprimary care
setting. Relevant mHealth solutions and evaluation studies are
reported in [49,50], but they were targeting families of children
or adolescents aged 10-17 years. All our participants used the
app frequently over the intervention weeks, reporting positive
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effects in terms of children compliance with nutrition and
physical activity goals.

TreC-LifeStyle mobile app hasthe potential of better supporting
primary care clinicians in providing effective prevention and
health promotion programs related to children’s lifestyles, but
further improvements of the app in terms of long-term user
engagement, nutrition coaching, and food-intake monitoring
functions need to beimplemented before anext large-scaletrial
deployment.

Conclusions

Gabrielli et a

prevention programs for children’s weight management in
primary care. The UCD and clinically founded methodology
used to design the app—which combines healthy lifestyle
guidelines, food-intake monitoring and intuitive feedback, as
well as Web-based data sharing with pediatricians for
evidence-based dialog—is a significant advance over the
functionality of current commercially availablefood journaling
apps, and may represent the kind of mHealth interventions best
fitting the requirements of primary care practice. Future
refinements of the app ensuring user engagement and
maintenance of healthy behaviors after the intervention are to

TreC-LifeStylemHealth intervention hasthe potential tobecome P& considered and tested further.

an effective solution for supporting health promotion and
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Abstract

Background: Type 1 diabetes (T1D) afflicts approximately 154,000 people under 20 years of age. Three-quarters of adolescents
are not achieving glycosylated hemoglobin (HbA 1c) targets, which leads to negative health outcomes. Mobile health (mHealth),
the use of technology in health, has been used successfully to improve health in many chronic conditions, including diabetes.

Objective:  The purpose of this study was to use patient-centered research methods to inform and improve the design and
functionality of our T1D app, MyT1DHero, and to provide insight for others who are designing a health app for adolescents and
parents.

Methods. Thisstudy included datafrom focus groups with participants recruited from the Juvenile Diabetes Research Foundation
(JDRF) southeast Michigan’sfamily network. All data collected during the sessions were audio-recorded, transcribed, and coded.

Results: Four key themeswereidentified: (1) diabetesis unpredictable, (2) negative and frustrated communication, (3) motivations
to use an app, and (4) feedback specific to our app.

Conclusions: A patient-centered approach was used to assist in the devel opment of an app for adolescentswith T1D. Participants
were satisfied with overall app design; customization, interactivity, and tangible rewards were identified as being necessary for
continued use. Participants believed the app would help improve the communication between parents and adolescents. Many
apps developed in the health context have not used a patient-centered design method or have seen vast improvements in health.
This paper offers suggestions to others seeking to develop apps for adolescents and their parents.

(JMIR Mhealth Uhealth 2017;5(4):€53) doi:10.2196/mhealth.6654
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Introduction

Type 1 Diabetes

Type 1 diabetes (T1D) afflicts more than half amillion children
aged 0-14 yearsworldwide[1]. Many individuals are diagnosed
with T1D at a young age, which requires parents to take
responsibility for managing their child’schronic health condition
[2]. Proper management includes monitoring multiple daily
blood glucose measurements, physical activity, carbohydrate
intake, and adjusting insulin doses with the use of multipledaily
insulininjectionsor aninsulin pump for basal and bolusinsulin
delivery [3,4]. Glycemic control is monitored quarterly at
medical visits with the glycosylated hemoglobin (HbA1c) test.
As children become teenagers, they steadily transition toward
self-management, gaining more responsibility for their T1D
care, and their parents gradually relinquishing control [5]. This
transition period is often difficult because of the complexity of
managing T1D in the context of suboptimal communication
between the child and parent, often resulting in deleterious
health outcomes [6]. Inadequate management during this
transition increasesthe risk of severe hypoglycemia, which can
lead to seizures or coma, and ketoacidosis, which can cause
neurologic sequelae and even death [7,8]. The long-term
consequences of poor diabetes management include
cardiovascular disease, stroke, kidney disease, blindness,
amputation, and premature death [ 7-9]. Successful transitionis
critical to the health and well-being of the teen. Identifying
interventions to aid in the transition of care can ultimately
increase positive health outcomes and the quality of life for
adolescents with T1D [10].

As aresult of the complexity of managing T1D, there is often
a lack of adherence to proper T1D self-care, resulting in an
unsuccessful transition [11]. Approximately 75% of teens are
not achieving American Diabetes Association (ADA) HbA1lc
targets during thistransition period [12]. Therefore, identifying
and finding solutions to help adolescents attain the knowledge
and skills needed to succeed in diabetes management is
imperative to increasing positive health outcomes[13]. To ease
the transition, interventions that aim to improve productive
communication between parents and teens, help build trust and
autonomy, and develop problem-solving skills which have
demonstrated improved diabetes outcomes[14]. Unfortunately,
parent-teen communication is difficult during this transition
time, particularly when interactions regarding their diabetes
management are often negative [15]. For instance, teens feel
their parents are nagging them about their diabetes care [16].
Infusing positive communication into the parent-child
relationship is fundamental to the success of this difficult
transition [17]. Building trust and autonomy is aso important
to alow the parent to take a step back from care and give
responsibility of disease management to the teen. Finaly,
problem-solving skills for both the parent and the teen can
further improve communication and trust, ultimately improving
diabetes outcomes.

mHealth

Mobile health (mHealth), the use of mobiletechnology in health,
has been used in many health contexts, including asthma, pain
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management, depression, pregnancy, and others for more than
a decade and has demonstrated positive outcomes [18-26].
Degspite the proliferation of these health apps (over 165,000
available in Google Marketplace and Apple Store), very few
have been devel oped using a patient-centered design [27]. The
use of mHealth in diabetes care has been reported as useful in
improving trends, but interventions have not been tested over
aperiod of time sufficient to determine long-term engagement
[28,29]. A recent study has called for patients to be more
engaged in the design and development process [30]. Other
studies have explored the wants and needs of an app for people
with diabetes. Researchers have found that ease of use, timely
and accessible information, and good visual appearance of the
technology are al important [31,32]. Building an mHealth
intervention using a patient-centered process to increase
communication, trust, and autonomy should facilitate the goals
of asuccessful transition to independence and achieving positive
health outcomes and quality of life.

Examining the literature regarding participatory design within
T1D and apps, we were unableto find any research that reported
including both the parents and the child in the design. Previous
research describes working with clinicians and developers
[33,34], adults with T1D [35,36], or only the adolescents with
T1D (no discussion with the parents) [19]. However,
parent-child communication is critical during the transition to
self-care and should be of central concern when designing an
app for this context. Thus, our study focuses on communication
that occurs between the parent and their child surrounding the
management of diabetes, asit relatesto the devel opment of our
app. Our expectation is that an app focused on easing the
difficulties of diabetes-specific communication will result in
positive health outcomes and better quality of life for both
adolescents and their parents[37]. Therefore, we sought to better
understand the perspective of both groups and gather feedback
regarding our prototype.

The objective of this study wasto use patient-centered research
methods to inform and improve the design and functionality of
our type 1 diabetes app, MyT1DHero. Additionally, we hope
to provideinsight for others who are designing a health app for
adolescents and parents. To inform development of the app, we
conducted qualitative focus groupsto further explore how teens
with T1D and their parents communicate about diabetes, what
motivates them to use different apps and games, and evaluate
their perceptions of our proposed app.

App Description

MyT1DHero is a self-management mobile app that aims to
encourage adolescents aged 10-15 years to self-manage their
diabetes by recording their blood glucose (BG) values while
allowing the parents seaml ess access to these same values. See
Figure 1 for example screenshots of the app. The parent users
have a separate login that allows them to access the app and
review their child's BG value history from their own phone.
The parent and adol escent may al so exchange messagesviathe
app that are geared to facilitate positive communication. In
addition, the app will have customizable test reminders, BG
ranges, and an educational component that provides diabetes
information and social support.
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Figure 1. App screenshots.

=W 8:02

Next check scheduled for 3:30 PM

Use this space for some kind of daily affirmation or helpful
suggestions/eating tips.

The adolescents will also earn points based on app usage. The
accumulated points will allow for the adolescent to purchase
“accessories’ to customize their avatar, or a virtual character
on the app.

Methods

Recruitment and Participants

Participants were recruited via the Juvenile Diabetes Research
Foundation (JDRF) southeast Michigan's family network,
including Facebook, Twitter, and their email listserv. Inclusion
criteriaincluded: the adolescents must: (1) haveaT1D diagnosis
according to the ADA practice guidelines, (2) be 10-15 years
old, (3) have had a diagnosis of T1D for at least six months,
and (4) be fluent in English. The parent or guardian must: (1)
have an adolescent with T1D who is 10-15 years old and who
has had a diagnosis for at least 6 months and (2) be fluent in
English. The study was approved by the Michigan State
University Institutional Review Board. Therewere 5 adol escent
participants in the focus group aged 10-13 years. The parent
focus group had 7 participants, each with a child having a
diagnosis of diabetesfor 4-6 years. Three of the parents did not
have an adolescent participating in the focus group.
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Procedure

Figure 2 summarizes the content of the focus group protocol.
Parent and adol escent focus groups were conducted separately.
The adolescent focus group comprised 5 individuals, which
included 4 maleswith amean age of 11.6 yearsold (range 10-13
years), and the adol escents had adiagnosis duration of 4-6 years.
The parent focus group comprised 7 individuals and included
6 females. They ranged in age from 35 to 60 years, all white,
two had some college, two had a bachelor's degree, and two
had master's degrees. The average income based on the
participants’ zip code was US $80,902.20 (range: US $46,649
to US $112,774). They all resided in southeast Michigan.

Each group consisted of two sections; in the first, participants
were asked about their daily diabetes management routine, how
their child's diabetes is managed (ie, amount of child
responsibility), and overall communication with each other,
including how often they communicate, the tone or feel of the
communication (eg, positive, happy, nagging), and the channel
in which they communicate (eg, phone, text, face-to-face).
Gaining the perspectives of both parent and adolescent is key
to designing a patient-centered app that fits the context of
disease management from the point of view of those directly
affected.
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Figure 2. Focus group protocol content.
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1. Consent

2 Part1

Adolescent Sample Questions

First, so we can get an idea of how best the app could
help you. Will each of you briefly tell me about a typical
day managing your diabetes? Do you or your parent log
your blood glucose? When do you normally log?

parent about diabetes?

Can you describe a typical conversation with your

Parent Sample Questions

Do you or your child log their blood glucose numbers?
When do you normally log?

stressful?

How does your child typically talk to you throughout the
day? Texting, phone call, face-to-face? Are the
conversations friends, matter-of-fact, stressful? What
makes the conversations friendly, matter-of-fact or

3. App Demonstration

4. Part 2

Adolescent Sample Questions

app?

If your number i5 below target range, what kind of
information or message would you like to get from the

| goals?

What kinds of goals would you like to be able to set for
yourself? What would you like to get if you achieve your

Parent Sample Questions

others?

Would you like to be able to see trends of your child's
blood glucose? A1c? Fasting blood glucose? Any

in times of stress?

What types of messages would be encouraging to you

Additionally, we asked about current apps that they used for
both diabetes management and for general entertainment. For
the second portion of the focus group, the participants were
given a demonstration of our app prototype. We asked them
general questions about the app, what they liked about it, what
they would change, and what would motivate them to use it.
The parent focus group lasted for 107 min and the adol escent
focus group lasted for 72 min.

Data Analysis

All of the data collected in the focus groups were
audio-recorded, transcribed verbatim, and coded using NVivo
version 11 (QSR International Pty Ltd) software. Using
inductive thematic analysis, part of the team iteratively
developed a set of themes that captured the focus group dialog
(BH, DH, AH, KM, and MK) [38]. The codes were presented
to the whole group for clarification and feedback. Then, two
members of theteam (KM and MK), coded arandom selection
of the transcripts to ensure reliability. Once reliability was
obtained, each transcript was coded independently by the coders.
They then came together to compare and evaluate the codes.
Disagreements were resolved through discussion.
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Results

Key Themes

Four key themes were identified. These included (1) diabetes
is unpredictable, (2) negative and frustrated communication,
(3) motivations to use an app, and (4) feedback specific to our
app. The following section describes each theme, along with
descriptive quotes.

Part 1

This part of the focus group asked participants about how they
manage their diabetes and general communication around
diabetes. We believe that thisis key in understanding how our
app could help them in their daily lives.

Diabetes | s Unpredictable

Wefirst asked participants about their personal experiencewith
diabetes and how communication about diabetes occurs between
the parent and adolescent. From this line of questioning, two
subthemes emerged: (1) Daily careis not an “exact science,”
and (2) the transition of care increases the unpredictability.
When discussing daily diabetes care, the parent participants

IMIR Mhealth Uhealth 2017 | vol. 5 | iss. 4 | €53 | p.162
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

discussed at length the importance of having good control of
their child's disease. Strategies that were successfully used for
glycemic control on one day did not necessarily work another
day. One parent stated:

There’sno exact sciencetoit, it'sall a guessing game,
and so it gets pretty frustrating.

Another parent stated:

You know, like, it isn’t an exact science and sometimes
all those numbersthat | write down—there’ stoo many
factorsto play intoit.

A third parent echoed those statements and said:

Wk have six years of paper records...a constant deluge
of information. It’ sinformation that somebody should
be able to use but it doesn’t get used because it’s not
an exact science.

Because of this unpredictability, parents frequently measure
their child’s blood glucose level 8 or more times per day and
even have to wake up in the middle of the night to check their
child. One parent reported:

| think we had two episodes of her going almost
dangerously low and almost going into shock at night
so that definitely sensitized us to be concerned at
night. WWe used to get up two, three times a night and
check her.

Additionally, the parents stated they often worry about their
child because they have seen how fast achangein blood glucose
can occur. One parent told us:

There was no warning or anything (regarding low
blood glucose) and | know (it) could just go that fast
from (normal)—it does happen quickly.

Thetransition of diabetes care from the parent to the adol escent
also causes some unpredictability. The adolescents had a good
understanding of the required treatment; however, they too
expressed feeling overwhel med with the amount of information
to consider and the uncertainty about knowing what to do all
the time. One adolescent stated:

| do alot of it (diabetes management), but sometimes
| get confused on the carbs, so | haveto look it up or
have someone to help me out for the day.

Another followed up:

It's hard to do and | don’t always know what to do.
One of the parents commented on this transition saying:

They want to be independent and yet they need to be
reminded. They forget, almost, that thisistheir issue.
And again, they want to be independent but they want
to be boys too.

Negative and Frustrated Communication

The unpredictable nature of changes in blood glucose often
induces parental frustration, which leads to poor quality
communication with their child. We noted that when the parent
was describing their communication style, they seemingly talked
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at, rather than with, their child. For instance, one parent said
that she saysto their daughter:

You've got to start taking responsibility for this. It's
either going to beyou or it'sgoing to me. And | know
that you don’'t want it to me be, so get on track, and
start hitting this like you're supposed to. It's trying
to get her to think about it.

Another parent echoed this by saying:

You take care of it or | do. And you know what it
means when | have to take care of it. It's a ot more
nagging.

One parent said of her child attending a sleepover:

My conversation with her was, ‘I'll get a phone call
or text fromyou at three a.m., right? Yes, | will. And
what will happenif | don’'t getit? 1’1l be pounding on
the door! We've had to do that, so that conversation
sometimes has been not so good.

All of the parents said that they knew they were frequently
asking their child for blood glucose numbers and about testing.

None of the parents talked about using any strategies to
communicate in apositive manner with their child surrounding
diabetes management. Thisis not to say that they are unaware
of thisissue. When we asked about this, one mom said:

They are doing a great job. | mean, just the word
thanks. | don’t think we say it enough.

They have good intentions to communicate positively with their
child about diabetes, but the need to have their child’s blood
glucose numbers overshadows any conscious effort at
communicating positively.

Part 2

In this section of the focus group, we asked them about their
current use of apps to help manage diabetes and what keeps
them using technologies. We then conducted a demonstration
of our app prototype and gathered feedback.

Use of Appsto Manage Diabetes

None of the parents or the adolescents currently used an app
for diabetes management or carb counting. The only technology
that the parents used were programs for pump or meter
downloads, like Diasend, and they generally only looked at
those before attending adoctor’s appointment. One parent said:

It's like oh crap, we have a doctor’s appointment
tomorrow. Give me your pump and let me download.

Another parent said she gives their health care provider their
username and password, so they could access their child’'s
information. Parents did, however, express that having these
downloads at |east once aweek would be helpful.

Motivation

Overall, the respondents mentioned three key motivations for
the use of a health-tracking app. These motivation themes
included customization, interactivity, and tangible rewards.

Customization included being able to put in favorite foods,
positive or affirmative messages, glucose ranges, and message
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types and times. Customization spurred many ideas of how and
why they would use the app. They wanted to be able to enter
favorite foods or restaurants to get the nutritional information.
One mom said:

(I’d) put fruit roll-ups on there because it’s not in the
(diabetes education) book.

Another idea included being able to customize some of the
messages that the app sent, to both the child and the parent. A
mother suggested being ableto add in your own reminders. She
said:
Would it be possible, to type in your own message?
Like, say you want to write a Bible verse that's
encouraging or uplifting or something like that, or
your own motto or something.

Thetiming of the testing and the reminders the app set seemed
to be akey. One parent stated:

What if the reminders—what if you could set whatever
time you wanted the reminder to beinstead of having
them automatic.

Another parent went on to say:

If you (allow a test within) a range...They might not
bein a specific space where they can drop everything
and test. It does take a minute or two to actually test.

Interactivity was another motivation suggested by the
participants. This refers to not wanting to simply be told
information, but to be ableto interact with the app ininteresting
and meaningful ways. For instance, adolescentslike the idea of
being part of a team. In a popular app-based game that the
adolescents played, they worked in teams or clans to defend
villages and farms. Thus, they were especially keen on being
abletojoin ateam to earn points. One adolescent stated:

Everyone who uses the app has a team and the team
with the most points wins.

They aso liked the idea of getting individual pointsin order to
get virtual character badges, new “powers’ or toals, clothing,
and or accessories. One adol escent suggested:

If you get a bunch of points, you could have a
character with like a hat and sunglasses or something.

Along with those intrinsic motivations, tangible rewards like
earning points redeemable for purchases made at the Apple
iStore, Google Marketplace, or Amazon were very popular. For
example, a parent said:

The Amazon gift card thing—for mine because they
areteenagersand are like—Amazon isthe best thing.

One of our adolescents echoed this sentiment stating, “Maybe
get points on Amazon.” The adolescents were excited about the
idea of getting points through the app. One suggested that the
more a person opened the app and used the app to enter blood
glucose val ues, the more pointswould be earned. One adol escent
stated that they would also like to be able to redeem the points
with their parents.

You could usethe pointsfor a day of no nagging (from
the parents).
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App Feedback

One of the key features of this app was to show parents that
their children have tested their blood glucose, but not to show
the number immediately. This is designed to increase trust,
self-efficacy, and autonomy to help the transition process. We
asked both the parents and the adolescents specifically about
this feature. All of them said that the parent needs to know the
test number immediately. One stated:

His numbers are all over the place. You know, |
wouldn’t feel comfortable with that (not seeing the
numbers right away).

The parents were also aware that they have difficulty in
relinquishing control over their child's diabetes care
management. For example, one mom said:

I mean, it's nice to have a break as a parent but |
can’'t have a break right now.

The adolescents mostly agreed that the parent should see the
number, but more as a way to move the conversation from
face-to-face to the app. One adolescent stated:

They should be able to see the low and the high, but
they don't need to see the regular number. Because
they're just like—check their phone, like oh, she's
alright.

Both groups gave positive reviews of the overall app aswell as
the different features within the app. One mom thought that
having the app mediate the communication would be very
helpful. Rather than the parent constantly telling the child what
to do, the app would remind them to stay on top of their
management, allowing moretimefor the parent to communicate
with their child about things other than diabetes. The parents
also suggested the use of emojis; one said:

I think you could also have emojis that are sad faces
or tearsor like a heart.
One of the adolescents repeated this idea stating:

| think like maybe if they (parents) could text you an
emoji thumbs up that would be good.

Another said:

(The kids) lie because they don’t want you to be
disappointed, they don't want you to be mad, they
don’'t want you yelling at them. So | think this (the
app)—doing it this way would take that whole
scenario out of it.

Discussion

Principal Findings

mHealth used for diabetes management is growing as amethod
to improve adherence and heath outcomes. Using a
patient-centered approach, this study sought to understand parent
and adolescent perspectives of on-going development of aT1D
app. To fully understand how an app could be engaging to both
the parent and the child, it was important to understand the
environment in which an app would be used. To achieve this
goal, we asked parents and adol escentsto tell us about how they
currently manage the child's diabetes and how they
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communicate about the disease. We then showed them a
demonstration of our prototype app to obtain their perspectives
on the app and additional components they thought the app
should have.

These focus groups acknowledge the complexity of disease
management and the frustrationsin communication for families
with an adolescent with T1D. Parents feel the need to remain
in control because the day-to-day management of diabetes is
very unpredictable. Consistent with other research, the
unpredictability fuels some of the frustration that the parent and
the adolescent feel and ultimately leads to inadequate
communication strategies [23]. Our proposed app is designed
to help improve the communication between the parent and
their child. The app helps monitor the adol escent’s blood glucose
and provides positive message prompts to the parent for better
communication.

In order for an app to be successful and provide benefit to users,
people must actively use it. We asked about different strategies
that would keep the users engaged with the app. Customization,
interactivity, and tangible rewards were di scussed as motivating
factorsof using theapp [37]. Thisissimilar to other studiesthat
have concluded that customization isimportant to appeal to the
needs of various users and that it isimperative to discuss what
options should be customizable [39-41]. Having the app be
interactive was also stated as a motivation for engaging and
using the app. Currently, there is limited interactivity in the
downloads of their meter or their pump, which could be one
cause of their low usage. Past research has demonstrated that
having interactive functions have improved usability and
resulted in higher engagement [42-45]. Through these focus
groups, we have decided to integrate more interactivity in the
app through some of the customization features, as well as
through how the parents and child communicate through the

app.

Participants also agreed that providing tangible rewards or
financia incentives would motivate users to remain engaged
with the app. Some research has shown that financial incentives
are key motivators in weight loss and smoking cessation [46].
Ethical issuesremain related to incentivizing individualsin this
manner and what this practice might mean particularly for
disadvantaged populations [47]. Additionally, there are issues
of long-term sustainability both in terms of the health impacts
and how the program would be able to continue to provide those
incentives [48]. Because of these issues, we have decided to
use some gamification techniquesto reward use of the app. The
utilization of gamification seeksto encourage usersto complete
specific tasks within a nongame environment [49-51]. There
are several ways to do this, which include giving points every
time a user opens the app, and having participants earn badges
or pointsto “buy” itemsfor avatars. Past research has suggested
that having an environment that is enjoyableto use canincrease
health knowledge, efficacy, and adherence to their daily care
can improve health outcomes [52-56].

A striking feature from the parent focus group was how parents
reported communicating with their child about diabetes. In the
current communication cycle, parents often report becoming
frustrated and upset with their child, which does not help them
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learn how to handle the issue in a positive manner [57]. This
may lead to the adolescent lying to their parents in hopes of
preventing them from becoming frustrated or upset. Thisleads
to further deterioration in the quality of the parent-child
communication. In short, the parents talk at their adolescent,
commanding them to pay attention to their care rather than
working with them to successfully manage diabetes. Therefore,
we believe adding problem-solving resources and features to
the app would be beneficial. Problem solving, defined by Yeates
and colleagues [58], is conceptualized as defining a problem,
generating alternative strategies, evaluating outcomes, and
selecting a strategy. Some literature has demonstrated positive
associations between problem-solving behaviors and improved
HbA1c; however more research is needed in this area [59].

Aninherent feature of technology isits distance between users.
Past research has suggested that “online interaction reduced
embarrassment that might be experienced in face-to-face
interactions and thus encourages self-disclosure” [60]. There
are many studies demonstrating that computer mediated
communication enhances self-disclosure [61-62]. This is
especially important for adol escentswho, developmentally, are
often hyper self-aware and self-conscious[62]. Asthe proposed
app will notify parentsthat their child has measured their blood
glucose level, and in some cases report what the blood glucose
level is, parents will be able to respond with affirmative
preprogrammed messages through the app. We believe that the
outcome of app use will change the dynamic of the
communication. The adolescent will be more likely to provide
true numbers and the parents will have preprogrammed
messages with which they can respond, thereby making
communication less frustrating and a more honest and
constructive exchange.

One of the desirable app featuresthat the adol escents mentioned
wasto join ateam. A growing number of researchersare starting
to focus on social interaction in mobile apps. Although fun is
the primary reason many use apps, socia interaction was
reported as the second reason to play games [63]. Using
technology in agroup leadsto greater enjoyment, lower dropout
rate, and longer engagement compared with individual play
[64]. It has been shown in health and sports studies that most
people enjoy playing in agroup more than by themselves[65].
Additionally, past research has demonstrated improvement in
glycemic control for children with T1D can result from the
responsibility of caring for others [66]. Researchers
hypothesized that the structured care provided cues that
trandated to the performance of diabetes self-management
behaviors. This suggests that by caring for another, possibly
through a team setting, individuals learn to care better for
themselves.

Implications for other groups developing an app for children
with a chronic disease and their parent include understanding
the current communication context that disease management
takes place in. As aresult of this insight, we were able to add
a problem-solving framework into our app. We were also able
to understand the importance of having the messages and
reminders come from the app and not the parent. Team
participation within the app appears to be a way to keep the
adol escents engaged and responsiblefor their own care. Finally,
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we learned that some type of reward needs to be added. To
achieve this goal, we have added the ability for the adolescent
to purchase different accessoriesfor their in-app avatar. Without
understanding the communication that currently takes place
between the parent and the child, we would have not been able
to make these adjustments.

Whereas there are some limitations to this work, the goal was
to gain a patient-centered perspective on the app design to date.
These focus groups are not representative of all mHealth apps,
as ours is specifically for adolescents with T1D and includes
their parent. Additionally, our sample sizewas small. However,
we believe that this work provides information that may help
othersin their app development process. Future studies of this
type should include larger samples, including awider agerange
of youth.

Holtz et al

Conclusions

This app has the potential to provide parents the security they
need to start transitioning diabetes management to their children
and allowing them to devel op the confidence needed for ongoing
optimal control of their diabetes. This study used an original
app idea and demonstrated a prototype of the app to help guide
both the parents’ and the adolescents' perspectives to design
this patient-centered diabetes app. Overall, the app review was
positive and the participants thought it would be useful to aid
inthetransition to adol escent self-management. Understanding
the needs of patients and caregivers will help better inform the
development and design of the app. This study also provides
others with strategies that can be incorporated into the
development of other health apps, including use of a
patient-centered design, incorporating interactivity, use of
customization, and building teams within the app.
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Abstract

Background: Nonadherence produces considerable health consequences and economic burden to patients and payers. One
approach to improve medication nonadherence that has gained interest in recent yearsis the use of smartphone adherence apps.
The development of smartphone adherence apps has increased rapidly since 2012; however, literature evaluating the clinical app
and effectiveness of smartphone adherence apps to improve medication adherence is generally lacking.

Objective: The aims of this study were to (1) provide an updated evaluation and comparison of medication adherence appsin
the marketplace by assessing the features, functionality, and health literacy (HL) of the highest-ranking adherence apps and (2)
indirectly measure the validity of our rating methodology by determining the relationship between our app evaluations and
Web-based consumer ratings.

Methods: Two independent reviewers assessed the features and functionality using a4-domain rating tool of all adherence apps
identified based on developer claims. The same reviewers downloaded and tested the 100 highest-ranking apps including an
additional domain for assessment of HL. Pearson product correlations were estimated between the consumer ratings and our
domain and total scores.

Results: A total of 824 adherence apps were identified; of these, 645 unique apps were evaluated after applying exclusion
criteria. The median initial score based on descriptions was 14 (max of 68; range 0-60). As a result, 100 of the highest-scoring
unique apps underwent user testing. The median overall user-tested score was 31.5 (max of 73; range 0-60). The majority of the
user tested the adherence apps that underwent user testing reported aconsumer rating scorein their respective online marketplace.
The mean consumer rating was 3.93 (SD 0.84). The total user-tested score was positively correlated with consumer ratings
(r=.1969, P=.04).

Conclusions: More adherence apps are availablein the Web-based marketplace, and the quality of these apps varies considerably.
Consumer ratings are positively but weakly correlated with user-testing scores suggesting that our rating tool has some validity
but that consumers and clinicians may assess adherence app quality differently.

(JMIR Mhealth Uhealth 2017;5(4):e45) doi:10.2196/mhealth.6582
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Introduction

Background

Evolutionin our health care system and technol ogical advances
in recent years have sparked renewed awareness of medication
nonadherence; however, it continues to be a problem for our
society [1]. Nonadherence produces considerable health
consequences and economic burden to patients [2-5]. The
repercussions of nonadherence may ultimately impede the
appropriate management of common chronic diseases.

Unintentional nonadherenceisa category of nonadherence that
implies that the patient intends to take their medications, yet
fail to do so for reasons such asforgetfulness or thoughtlessness
[2]. Numerous strategies aimed at improving unintentional
nonadherence have been studied. The use of smartphone
medication adherence apps to improve unintentional
nonadherence is one innovative approach that has recently
gained interest [2,6]. Data suggest the use of or ownership of a
smartphone continues to increase. According to the Pew
Research Center's Spring 2015 Global Attitudes Survey, an
estimated 89% of the US population used theinternet or reported
owning a smartphone [7]. Estimates in 2015 also revealed that
62% of smartphone owners in the United States used their
smartphone to find information about a health condition [8].
Adherence apps must be downloaded and installed using a
cellular connection; however, many do not require activeinternet
connections to access information or provide medication
reminders. These adherence apps can also combine all of the
user's medication-specific material into one source to provide
amore efficient way for individual sto participatein their disease
management and care [2,6]. Given the proliferation in
smartphone use, adherence apps represent a more accessible
approach to address unintentional nonadherencein that they are
easy to obtain and are available at all times to provide
information to patients about their medications.

The development of smartphone adherence apps has increased
sharply since 2012. In 2012, there were approximately 160
unique medication adherence apps available [2]. In 2014, the
number of adherence apps ballooned to morethan 400 [6]. This
substantial increase in the adherence app marketplace reflects
the high demand for thistool. Literature evaluating the clinical
app and effectiveness of smartphone adherence appsto improve
medication adherence is generaly lacking. Study results
indi cating that medi cation reminder systems (eg, short message
service[ SM §] text messages) can increase medication adherence
and may offer promise that adherence apps may also improve
adherence[9-11]. A randomized trial conducted in Spain found
that an app can improve self-reported adherence, but similar
resultsin the United States have not yet been reported [12]. One
study revealed that kidney transplant recipients were interested
in using a smartphone app to remind them to take their
medications, but they also reported perceived barriersto using
these apps (eg, turning the phone off periodically, annoying
alarms, an app that is not flexible to work with irregular
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schedules, and so on) [13]. Currently, a first of its kind
randomized controlled trial designed to rigorously evaluate an
app’s effect on blood pressure and medication adherence is
underway [14]. Research a so demonstrates|ower health literacy
(HL) isassociated with decreased odds of participating in mobile
health (mHealth) interventions for diabetes [15,16]. Although
published data regarding efficacy, safety, or clinical outcomes
for adherence apps are scarce [14,17], patients are using these
apps and many groups of people have positive attitudes toward
the use of thistype of tool [18]; therefore, health care providers
should be ableto serve asaresourcefor patientsto help identify
an app that may best suit their needswith regard to its adherence
features, functionality, and level of HL [2,6].

Previoudly, our group devel oped methods to compare adherence
apps and identify those that offered a wide range of features
that may be the most appropriateto recommend to patients[2,6].
From that work, a searchable online resource
(medappfinder.com) was developed to help patients and
providers identify and compare adherence apps based on
usability, HL, and features that meet their individual needs[6].
The methods and analyses performed to devel op these resources
were standardized and represented a health care provider
viewpoint. Thus, a limitation to these efforts is that patient
viewpoints were lacking. Given the number of adherence apps
and the rate at which the marketplace expands, directly
incorporating patient viewpoints into these assessments is not
feasible. However, most apps generally have consumer reviews
posted in their online marketplaces. Such consumer reviewsfor
adherence apps represent the viewpoint of the patient or their
caregiver. Although these reviews have not been rigorously or
systematically analyzed, such an analysis could indirectly
provide the patients’ viewpoint of a given adherence app.

Objective of the Study

The objective of this study was to (1) provide an updated
evaluation and comparison of available medication adherence
appsin the marketplace by assessing the features, functionality,
and HL of the highest-ranking adherence apps across 5 domains
and (2) indirectly measure the validity of our rating methodol ogy
by determining the relationship between our app evaluations
and online consumer ratings. We hypothesized that consumer
ratings and our ratings would be modestly correlated.

Methods

Marketplace Search

In June 2015, an additional Web-based app marketplace (the
Microsoft Store[Windows]) and thoseincluded in prior analyses
(iTunes[iOS], Google Play [Android], Blackberry App World)
were analyzed to find all available adherence apps capable of
producing medication reminders. The following keywords:
alarm, alert, med(s), and pillbox were added to our existing
search terms (ie, adherence, compliance, dosage, dose, drug,
medication(s), pharm, pharmacy, pill(s), prescription, remind,
reminder, Rx, script, take, therapy, treat, and treatment) [2,6]
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and used to identify these apps. In addition, “health and diet,”
“health care services,” and “medical guides’ categories were
used to identify any additional adherence apps that may have
not been found using keyword searches. Adherence apps were
cataloged using the full name, manufacturer, and operating
system (OS). To be included in the analysis, adherence apps
had to be available in English and claim to send medication
reminders. For adherence apps with both afree or lite and paid
or pro version, only the paid or pro versions were recorded,
evaluated, and scored for possible user testing, but it was noted
if therewas also afreeversion. Since our focuswasto rate apps
that could be used in a general ambulatory population, apps
specific to one type of medication (eg, insulin) or a single
disease state (eg, hypertension) were excluded. Apps that were
specific to an independent pharmacy and/or required a specific
prescription number or insurance type (eg, Humara Pharmacy
and NexJ Health Coach) were also excluded from evaluation.

Initial Evaluation and Scoring

Adherence apps were evaluated using previously described
processes [2,6], which were developed based on author
consensus before adherence app evaluation, and thus, reflects
perspectives of the authors (eg, academicians, clinical
practitioners, HL specialists, and student pharmacists). This
rating system includes 28 features divided into 4 domains:
Adherence Attributes, Medication Management, Connectivity,
and General Features. It was found that 27 of the 28 features
were nominally weighted as previously described from 1 to 3
(1, modest; 2, moderate; and 3, high), based on the authors
viewsonitsrelevance and impact in its respective domain [2,6].
To reflect the growing marketplace, the scoring for the feature
“Latest Revision Update” was modified from our prior methods.
Thisfeature is scored based on the frequency of continued app
updates or support by devel opers. For thisanalysis, like before,
3 points were awarded if the app had been updated in the 6
months before the analysis, and 2 points were awarded if the
app had been updated more than 6 months, but 12 or less months
before our analysis. However, an app that had not been updated
in more than ayear previoudly received 1 point [6], but in this
analysis, thiswas changed so that an app that had been updated
13-18 months before the review, received 1 point. An app that
had not been updated in more than 18 months beforethisreview,
received ascore of 0. No other scoring modifications were made.
Using this rating system, two investigators independently
analyzed the developers’ claimsaong with avail able screenshots
of each adherence app in the online marketplace to determine
whether an app possessed any of the 28 author-identified
featuresto assign ascore. Theinitial scoresbased on devel opers
claims were used to identify the 100 highest ranked unique
adherence apps. Those available on multiple platforms (eg,
Medisafe, which is available on both iOS and Android), were
evaluated separately to identify any differences between the
platforms.

User Testing

To compare the developers claims against the actual quality
and functionality, the top 100 highest-ranking unique adherence
apps underwent user testing by the same two evaluators using
previously described methods [6]. Briefly, adherence apps that
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could not be installed or set up by at least one researcher due
to inefficiencies or malfunctions with the app were excluded
from further evaluation (eg, apps that continuously crashed,
appsrequiring an activation code, and inability set-up reminders
despite contacting the app developer). To maintain a total of
100 unique user-tested adherence apps, those excluded from
user testing for any reason were replaced with the next
highest-ranking unique app based on initial score. Adherence
apps available on both iOS and Android were rated for both
platforms and given two scores, which were cross-verified and
any score discrepancies resolved. The sum of the weighted
scores determined an initial score, which was used to rank the
adherence apps. Counting multiplatform adherence apps only
once, the top 100 highest-ranking apps were then identified for
user testing. Appsin the top 100 highest-ranking apps that had
not been updated in the last 18 months before review were not
retested. Aside from receiving a zero for the feature “Latest
Revision Date,” these adherence apps received the sameinitial
and user-tested scores as in our previous analysis [6]. Each
adherence app was installed using a smartphone or tablet and
tested for aminimum of 4 days and amaximum of 7 daysusing
a standardized 6-drug regimen similar to prior analyses (ie,
vitamin E, 400 1U once daily; diltiazem, 120 mg twice daily;
simvastatin, 40 mg once daily at bedtime; azithromycin, 500
mg once daily for 3 days and then stop; and alendronate, 35 mg
once weekly); however, instead of a prednisone taper regimen
used in our prior analyses [2,6], the 6th drug used for the
standardized regimen was methylnaltrexone, which should be
consumed 12 mg every other day. Adherence apps unable to
create remindersfor aonce weekly medication (ie, alendronate)
weretested over 4 days, whereas those with this capability were
tested over 7 days.

To assess the 28 possible author-identified adherence app
features, the two evaluators used the same rating scale used in
theinitial evaluation with one update to the scoring process. In
the initial evaluation, the feature, “Capability of Complex
Medication Instructions,” was scored dichotomously as “yes’
or “no” to reflect the presence or absence of this feature as
discerned from the available developers descriptions and/or
screenshots. However, during user testing, this feature was
assessed using three possible rating optionsto reflect the actual
performance and the degree to which an app could perform this
feature (ie, create reminders for multiple medications and
schedules that comprise complex medication instructions). The
score given to each app for this feature was based on the number
of reminders created for the more complex medication regimens
(ie, azithromycin, aendronate, and methylnaltrexone). The
maximum score of 3 was awarded when an app could create
reminders for all of these medications. If an app was able to
create reminders for only two, it received a score of 2.
Adherence apps that could only create a reminder for one of
these medications were assigned a score of 1. A score of 0 was
assigned if an app was unable to create reminders for any of
these medications. In these cases, it was decided that assigning
a0for thisfeature was preferable to complete exclusion because
these adherence apps are still available for potential patients to
download. In retaining these adherence apps, this information
can be shared with consumers to avoid the possible frustration
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had they downloaded based solely on developers' claims and
screenshots of apps in the marketplace.

In addition to the 28-feature author-identified rating system, 12
HL-focused attributes were evaluated and scored using a tool
endorsed by the Institute of Medicine (IOM) [19] as previously
described by Heldenbrand et a [6]. A separate domain was
created and each attribute was scored using a Likert scale (1-5)
with a maximum of 60 points. To prevent skewing the total
user-tested scores, this domain’s scores were scaled with one
point to be added for each 12-point increment inthe HL domain
score. The 12 feature's scores were summed with a possible
range of 12-60. For example, a HL score of 1-12 had 1 point
added to the user-tested score, and ascore of 13-24 had 2 points
added.

The user-tested scores were cal culated using the sum of the four
original domains scores (max possible: 68) and the HL domain
score (max possible: 5), creating a maximum user-tested score
of 73. The user-tested scores, including thosefor the HL domain,
were cross-verified by the two evaluators. Any adherence apps
with scoring discrepancies between the two evaluators were
reinstalled, and it was confirmed whether or not that adherence
app possessed a particul ar feature. Following cross-verification,
each app was given a fina user-tested score which was then
used to rerank the adherence apps.

Toindirectly measurethe patients' viewpoint of adherence apps,
available consumer ratings and the number of app downloads
as of June-July 2015 were obtained from Google Play and
iTunes. Pearson product-moment correlations were estimated
between consumer ratings, user-testing total scores, and domain
scoresasacheck of thevalidity of our user rating methodol ogy.
Using the obtained consumer ratings, we eval uated correlations
between our ratings system based on manufacture claims and
consumer ratings. We expected to find medium correlations
between consumer ratings and our user domain scores. To
classify correlations, we used the empirically based thresholds
for correlations of small <0.20; medium (moderate)=0.20-0.30;
and large >0.30[20,21]. Finally, ordinary least square regression
model swere estimated using consumer ratings asthe dependent
variable and individual domain scores and individual items as
independent variables.
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Results

Initial Search

There were 824 adherence apps discovered across the 4
platformsincluding 378 i0S, 305 Android, 105 Windows, and
36 Blackberry. After applying exclusion criteria, 179 adherence
apps were excluded (17 duplicates and 162 specific to asingle
medication and/or disease state), leaving 645 €ligible for
evaluation. Of the remaining adherence apps, 71% (461/649)
were available on only one platform (208 iOS, 156 Android,
20 Blackberry, and 77 Windows) and 29% (184/634) were
available on multiple platforms. Of the 645 adherence apps
assessed based on developer claims, the median score was 14
with a mean of 15.5 (SD 9.4) and ranged from O to 60 (max
possible: 68).

User Testing

From the initial assessment based on developer claims, the top
100 highest-ranking unique adherence apps underwent user
testing to assessfeatures and HL resulting in a user-tested score.
Due to the multiplatform adherence apps, a total of 144 apps
weretested (7510S, 62 Android, and 7 Windows). Blackberry
adherence apps were excluded due to the lack of devices
available to test these apps. During user testing, 34 adherence
apps were unable to be installed and/or set up by at least one
researcher and were ultimately excluded from further eval uation.
The most common issues included apps that continuously
crashed despite using multiple devices (eg, iPhone 5, iPhone
6s, and iPad for iOS apps), the need for a specific activation
code from a primary care physician and/or pharmacy to set up
and use the adherence app, and inability to set up reminders
despite contacting the app devel oper which excluded 5, 11, and
8 apps, respectively. These were replaced by the next 34
highest-ranking adherence apps so that ultimately 100 unique
apps were tested and given a user-tested score. The median
overall user-tested scorewas 31.5 and ranged from O to 60 (max
possible: 73). When compared withinitial scores, 32% (46/144)
of app scores decreased and 68% (98/144) of scores increased
following user testing. Select features from each domain along
with their frequencies can be found in Table 1. The overall
user-tested score for the domains listed below can be found in
Table 2. Table 3 reports the attribute scores of the 13 highest
ranked adherence apps.
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Table 1. Select adherence app feature frequencies based on user testing (max N=144).

Dayer et a

Domain Feature? Frequency
n (%)
Adherence Attributes Customizable reminders 57 (39.6)
Refill alerts 67 (46.5)
Ability to postpone reminder 71 (49.9)
Specific medication reminders 94 (65.3)
Medical social networking 18 (12.5)
Tracks missed or taken doses 88 (61.1)
M edication Management Medication database 70 (48.6)
Multiple profiles 69 (46.9)
Food and drug interactions 15 (10.4)
Refill from a specific pharmacy 14 (9.7)
Connectivity Export or share information 93 (64.6)
Reminders with no connectivity 82 (56.9)
Cloud storage 81 (56.3)
Patient Web portal 36 (25)
Provider Web portal 15 (10.4)
General Features HIPAAP statement 15 (10.4)
Multiplatform 90 (62.5)
Multiple language options 30 (20.8)
Completely free 87 (60)
Password option 90 (62.5)
3N ot a comprehensive list of features assessed.
PHIPAA: Hedlth Insurance Portability and Accountability Act.
Table 2. Overall user-tested domain scores.
Domain Median (range) Max possible
Adherence Attributes 8(0-21) 21
M edication Management 5(0-14) 15
Connectivity 5 (0-10) 13
Genera Features 9(1-16) 19
Health Literacy 36 (22-49.5) 60
(scaled score) 4(2-5) (5)
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Table 3. Highest-ranking adherence apps’ user-tested domain scores.
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Apps Operating system  Initial  User-tested Adherence Medication Connectivity General  Health User-tested Latestrevi-
score  score attributes  manage- features  litera  goore+HL?  sion date?
ment cy
iost ad we Max: Max:68 Max: 21 Max: 15 Max: 13 Max:19 Max: Max: 73
68 5

Medisafe X X a7 55 21 10 8 16 5 60 July 2015

CaredToday X X 35 49 17 8 10 14 4 53 May 2015

CareZone X X 37 47 17 8 10 12 4 51 July 2015

MedPal X 32 46 21 7 8 10 4 50 December
2013

MyMeds X X 38 47 18 9 10 10 3 50 March
2015

CareSync X 30 a4 12 10 10 12 4 48 June 2015

Dosecast Pre- 43 44 16 8 8 12 3 47 July 2015

mium

Mango Health 35 38 14 7 6 11 4 42 May 2015

GenieMD 35 38 8 13 7 10 3 41 January
2015

MyHealth- X X 38 37 13 8 5 11 4 41 March

Saverz 2015

Pill Reminder X 41 38 10 11 7 10 3 41 December

by Drugs.com 2014

eMedsMate X 33 36 9 10 8 9 4 40 July 2014

ZibdyHealth X 59 36 5 11 7 15 2 40 June 2015

3HL: hedlth literacy.

BAt the time apps were catal oged (June-July 2015).
%ios: Apple.

dA: Android.

SW: Windows.

Adherence Attributes

During user testing, 9% (13/144) of adherence appswere unable
to reliably send medication reminders although the devel opers’
descriptions and/or available screenshots claimed to have this
function, and thus received a O for their final user-tested score
in thisdomain.

Medication Management

The ability of adherence apps to accurately send reminders on
complex medication regimens varied greatly. It was found that
40% (58/144) of adherence apps were able to create reminders
for all three medications with complex schedules (ie,
azithromycin, alendronate, and methylnaltrexone) and 9%

http://mhealth.jmir.org/2017/4/e45/

(13/144) were unable to create reminders for any of these
medications.

Connectivity

This domain has changed the most since previous medication
adherence app studies[2,6] as seen in Figure 1. The number of
adherence apps that can export or share information has grown
238% sinceinitial analysisin 2012 (93 vs 39 apps, respectively).
Medical socia networking, afeature that allows the patient to
choose caregivers or providers to actively monitor and
participate in the patient’s medi cation adherence, was absent in
al apps in 2012 [2], but was present in 13% (18/139) of
adherence appsin this analysis.
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Figure 1. Changesin advanced connectivity features.
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General Features

Of the 57 adherence apps that had a pro or paid version, 60%
(34/57) also had a free version. In total, 60% (87/144) were
completely free. Adherence app prices ranged from freeto US
$23.99/year, with the average cost being a one-time purchase
fee of US $1. Additionally, some adherence apps were free to
download, but required in-app purchases to unlock extra
features.

Health Literacy

The plain language feature had a median score of 1, which was
the lowest-scoring feature of thisdomain. Adherence appswere
given this score based on the number of wordswith greater than
three syllables (eg, medication, prescription, and interaction).
The highest-scoring features were the use of bullets and/or short
lists and having adequate white space or little clutter, which
both received a median score of 4.

Relationship Between Adherence App Evaluationsand
Consumer Rating

Of the 645 adherence apps initially evaluated using devel oper
claims, 67% (417/645) had a consumer rating score. The mean
consumer rating was 3.54 (SD 1.14) with aminimum rating of
1 and a maximum rating of 5. The total score based on
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developers' claims was positively and moderately related to
consumer ratings (Table4; r=.2399, P<.001). All domainswere
significantly positively correlated with consumer ratings, but
only the General Features domain had a correlation of at least
0.20.

The majority of the 144 adherence apps that underwent user
testing had a consumer rating score. The mean consumer rating
was 3.93 (SD 0.84). The total user-tested score was positively
and almost moderately correlated with consumer ratings (Table
4; r=.1969, P=.04). Only the Connectivity domain score was
significantly and moderately correlated with consumer ratings,
whereasthe small correlation with the General Featuresdomain
score trended toward significance (P=.05). The HL domain
score was significant and negatively correlated with consumer
ratings (r=-.1942, P=.04).

Because the General Features domain based on user testing and
developer claims were positively related to consumer reviews,
ordinary least square regressions were estimated between the
individual items within the General Features domain and the
other domain total scores. The model explained 33% of the
variability in consumer ratings of the adherence apps user tested
(datanot shown). Only oneitem of the General Featuresdomain,
whether the app wasfree or not, was significantly and positively
related to consumer rating (beta=.43, P<.001).
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Table 4. Pearson correlation coefficients between consumer ratings and adherence app eval uations based on devel opers claims and user testing.

Domains Developers claims User testing
N=417 N=144

Adherence Attributes 0.1631 (P<.001) 0.0569 (P=.55)
M edication Management 0.1302 (P<.001) 0.1488 (P=.12)
Connectivity 0.1275 (P<.001) 0.2362 (P=.01)
General Features 0.2575 (P<.001) 0.1845 (P=.05)
Health Literacy N/A2 -0.1942 (P=.04)
Total score 0.2399 (P<.001) 0.1969 (P=.04)

3N/A: not applicable.

Discussion

Principal Findings

There has been a 515% increase in the number of recorded
adherence appssince 2012 (160in 2012 vs 824 in 2015; Figure
2) [2]. The Windows platform, which was added to our analysis
in 2015, had 105 adherence apps. This search revealed that 83
of the adherence apps recorded from the summer of 2014 could
not befound in 2015. There continuesto be extreme variability
in the quality and functionality of adherence apps which could
decreasethelikelihood of consumersfinding the best adherence
app on their first attempt. Thus, resources that compare and
contrast adherence apps for patients and providers (ie,
medappfinder.com) could help in determining specific, desired
features and help locate the highest-ranking adherence apps
containing those sel ected features (Multimedia A ppendices 1-3).
Providers should be familiar with several quality adherence
appsto recommend to patients as an additional tool for patients
to use in addressing medication nonadherence.

Dataon the effectiveness of adherence app medication reminder
systems for a variety of disease states or specific populations
are sparse, and the overall effectiveness of adherence apps for
patients with chronic conditions is still unknown [12,22-26].
Therefore, thereis a continued need for randomized controlled
trials using rigorous research methodologies to establish an
evidence-base for effective medication adherence apps.

The positive small to modest correlations between consumer
ratings and our methods used to assess adherence apps provide
some evidence of the validity of our approach in evaluating
adherence apps. We expected to find modest correlations
between our ratings and consumer ratings and these were
observed empirically in our assessment based on developer’'s
claimsand were almost of moderate strength for (r=.1969) user
testing total scores. Not surprisingly, the General Features
domain which assesses the frequency of updates, charges,
advertisements, and photos was most strongly correlated with
consumer reviews and the strongest individual item associated
with consumer reviews was whether or not the adherence app
was free of charge. Because there were many more apps with
initial scores based on claims (n=417) compared with those
with user-testing scores (n=144), the correlations for the
user-tested scores bordered on significance while even small
correlations for initial scores based on claims were significant.

http://mhealth.jmir.org/2017/4/e45/

For some of the domain scores, we only found small correlations
(r<.20), which was lower than anticipated. This may be due to
low reliability of consumer ratings described below, possible
reliability or validity issues with our approach in assessing the
domains, or fundamental differences in how consumers and
clinician perceive medication app quality.

However, the small yet significant negative correl ation between
our HL assessment and consumer ratings suggests our
assessment of HL may need refinement. This disparity requires
further investigation. It is possible that the consumer ratings
may be measured with error, or perhaps the findings reflect a
selection bias of persons who download and take the time to
rate and write reviews of adherence apps. Such individuals by
virtue of owning asmartphone and downloading the adherence
app may have higher educational attainment and higher levels
of HL. Consequently, they may be more likely to prefer more
sophisticated language and displays than those recommended
by IOM best practices, which address the needs of individuals
with low HL. In our approach to assessing HL aspects of
adherence apps, we adapted the IOM’s recommendations for
designing health literate mobile apps into a scored scale that
was used to evaluate each user-tested adherence app [19]. The
scale was applied by two independent evaluators to assess HL
and to increase the reliability of our approach. Such selection
bias, if present, would result in poorer consumer ratings for
adherence appswith simpler designs and features. Alternatively,
the consumer rating scores may also not bereliably and validly
recorded. Consumer reviews are the mean scores of individual
reviews and some apps are reviewed by nearly 100,000 persons
and others by less than 5 persons. Further complicating the
interpretation of consumer reviews, Android adherence apps
include reviews from all app versions, and thus, the reviews
incorporate assessments of earlier app versions that may have
since been updated and improved. Conversely, iOS adherence
app reviews can be limited to the most recent version of the
product. To mitigate this discrepancy between platforms,
investigators recorded reviews from the iTunes marketplace
using the “al versions’ option. Considering that updating an
adherence app does not guarantee an improvement in the overall
product, these differences in reporting of consumer reviewsin
Web-based marketplaces complicates the analysis.

The top three highest-ranking adherence apps were updated
within 1-3 months of data collection. This suggests how these
adherence apps (ie, Medisafe, Cared4Today, and CareZone) have
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kept their services well-run and efficient. These apps are aso
available on multiple OS's which adds to their convenience. A
new OS, Windows, was included and analyzed for this study
and two adherence apps with this system were highly ranked
initially (ie, eMedsMate and ZibdyHealth); however, after user
testing, ZibdyHealth’'s score dropped due to their Adherence
Attributes domain which demonstrates the importance of the
user testing portion of this project.

Recent advancement in adherence app connectivity features has
increased 238% since our initial evaluation of the app
marketplace in 2012 [2]. Medical socia networking and the
real-time adherence monitoring for both patients and providers
are the two features in which notable advancement has been
observed since our initial work, particularly among the more
advanced adherence apps. Medical social networking allows
the patient to choose caregivers or providers to be in their

Figure 2. Changesin the online marketplaces.

M Android mBlackberry miOS

NUMBER OF APPLICATIONS

2012

Limitations

The following limitations should be considered when
interpreting the findings presented herein. As briefly discussed
above, consumer ratings introduce potential selection bias,
specifically when evaluating how “health-literate” an app is.
Such potential is possible, because the demographics and other
characteristics of consumers who rate and review adherence
apps are unknown. Thus, it is not known if the raters are
representative of userswho may need adherence apps the most,
namely those with poor health outcomes, often related to low
HL. Second, the IOM recommendations for designing HL into
mobile apps, which were used as rating criteria in this project
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network and receive notifications if the patient misses a dose
of their medication. Thisis especially helpful for the forgetful
patient. Real-time adherence monitoring can generate
encouraging adherence reports for patients, or be used by
providerswhen ng the patient’s response to medications
during clinic visits. Other adherence app technologiesthat could
be promising involve increasing interactivity of the app by
offering rewards for desired behaviors with the ultimate goal
of promoting habit formation [23,27,28]. This “gamification”
and rewards strategy has been used successfully by appsin the
mHealth sector for fitness, smoking cessation, and adol escent
diabetes self-management [23,24,27,29-32]. Of course, these
improvementsin connectivity may improve user satisfaction or
the value they place on the adherence app, but demonstrating
that these advancements in functionality specifically improve
medication adherence or patient outcomeswill take considerable
study.

Windows ™ Total Apps

824
461
378
305
160 165 180
105
15
._- 0 —— 0 |

2014 2015

to assess how “health-literate” the adherence apps are, were
only promulgated in 2014. Therefore, it is unknown whether
developers are fully aware of these recommendations or the
extent to which they have purposefully tried to implement them
into their adherence app designs. Although our rating system
assesses the inclusion of features consistent with the IOM
recommendations, it does not capture when these featureswere
added or how well they address the IOM recommendations.
Finally, the attributes and scoring approach reflect the health
care provider and research perspectives and not necessarily the
consumer or patient perspective. Our ratings, however, were
positively correlated with consumer reviews suggesting that
our ratings, at least in part, may also be useful to end users.
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Conclusions

Medication  nonadherence, particularly  unintentional
nonadherence, continuesto complicate the management of those
with chronic illnesses. With ongoing proliferation of
smartphones and mobile technology, the adherence app
marketplace continues to rapidly expand. Past analyses of
desirable attributes of adherence apps from a hedth care

Dayer et a

provider vantage point correlate with unsolicited consumer
reviews of the apps. Although consumer-provided reviews of
adherence apps provide an indirect method to assessthe patient
or caregiver perspective of adherence apps, they do not correlate
with standardized health care provider assessments of the“HL”
of such apps. Future studies are needed to improve the external
validity of the HL assessments of adherence apps.
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Abstract

Background: To facilitate decision-making capacity between options of care under real-life service conditions, clinical trials
must be pragmatic to evaluate mobile health (mHealth) interventions under the variable conditions of health care settings with a
wide range of participants. The mHealth interventions require changes in the behavior of patients and providers, creating
considerable complexity and ambiguity related to causal chains. Process evaluations of the implementation are necessary to shed
light on the range of unanticipated effects an intervention may have, what the active ingredients in everyday practice are, how
they exert their effect, and how these may vary among recipients or between sites.

Objective: Building on the CONSORT-EHEALTH (Consolidated Standards of Reporting Trials of Electronic and Mobile
HEalth Applications and onLine TeleHealth) statement and participatory evaluation theory, we present a framework for the
process evaluations for mHealth interventions in multiple cultural settings. We also describe the application of this evaluation
framework to the implementation of DREAM-GLOBAL (Diagnosing hypertension—Engaging Action and Management in
Getting Lower BPin Indigenousand LMIC [low- and middle-income countries]), a pragmatic randomized controlled trial (RCT),
and mHealth intervention designed to improve hypertension management in low-resource environments. We describe the eval uation
guestions and the data collection processes devel oped by us.

Methods: Our literature review revealed that there is a significant knowledge gap related to the development of a process
evaluation framework for mHealth interventions. We used community-based parti cipatory research (CBPR) methods and formative
research data to develop a process evaluation framework nested within a pragmatic RCT.

Results: Four human organizational levels of participants impacted by the mHealth intervention were identified that included
patients, providers, community and organizations actors, and health systems and settings. These four levels represent evaluation
domains and became the core focus of the evaluation. In addition, primary implementation themes to explore in each of the
domains were identified as follows: (1) the mgjor active components of the intervention, (2) technology of the intervention, (3)
cultural congruence, (4) task shifting, and (5) unintended consequences. Using the four organizational domains and their interaction
with primary implementation themes, we devel oped detailed eval uation research questions and identified the data or information
sources to best answer our questions.

Conclusions: Using DREAM-GLOBAL to illustrate our approach, we succeeded in developing an uncomplicated process
evaluation framework for mHealth interventionsthat provide key information to stakehol ders, which can optimize implementation
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of apragmatictrial aswell asinform scale up. The human organizational level domains used to focusthe primary implementation
themesin the DREAM-GLOBAL process evaluation framework are sufficiently supported in our research, and the literature and
can serve as avaluable tool for other mHealth process evaluations.

Trial Registration: ClinicaTrials.gov NCT02111226; https://clinicaltrials.gov/ct2/show/NCT02111226 (Archived by WebCite

at http://lwww.webcitation.org/6oxfHX ege)

(JMIR Mhealth Uhealth 2017;5(4):e47) doi:10.2196/mhealth.7044

KEYWORDS

mobile health; health caretexting; SM'S; protocol; process eval uation; process assessment (health care); health services, Indigenous,
Tanzania; community-based participatory research; DREAM-GLOBAL

Introduction

Pragmatic RCTsand mHealth Interventions

Explanatory randomized controlled trials (RCTs) are the gold
standard for measuring efficacy, the cause and effect relationship
in treatment intervention research in medicine, and are
instrumental in providing evidence for Clinical Practice
Guidelines (CPGs). A key requirement of explanatory RCTsis
the stringent standardization of the tested intervention, which
(while challenging) isredlistic; for example, in pharmaceutical
trials that occur in clinical settings where a single variable can
be reasonably well controlled. Standardization in explanatory
RCTs removes bias and thus results in substantial rigor and
strong internal validity; however, in contrast, external validity
(ie, the applicability in diverse clinical settings) is often
compromised and consequently applying RCT results to
populations outside the study’s scope can be problematic [1,2].

Health care interventions are typically difficult to standardize
because they are complex with long, nonlinear implementation
chainsthat may have unexpected outcomesin disparate settings.
Similarly, mobile health (mHealth) interventions usually contain
multiple active components that may require changes in the
behavior of patients and providers. These behaviorsin turn are
driven by numerous social, cultural, and environmental factors,
thus creating considerable complexity and even ambiguity
related to causal chains [3,4]. Therefore, a shortcoming of the
robust explanatory RCT methodol ogy isthat thisapproach often
fallsshort of providing answers needed in mHealth interventions
and everyday clinical care practice [5]. To facilitate the
decision-making capacity between optionsof careunder real-life
service conditions, clinical trials must be pragmatic to evaluate
an intervention under the variable conditions of health care
settings with awide range of participants [6].

Evaluating and Reporting Pragmatic RCTsof mHealth
I nterventions

To betruly useful for decision making, pragmatic trialsrequire
detailed and standardized reporting with sufficient transparency
to communicate what works and what does not work for whom
and under what circumstances. The prevailing international
standard for reporting trials in general is the CONSORT
statement [7], which has been expanded by Zwarenstein and
colleagues| 6] to reflect the compl exity of issuesthat may impact
on pragmatic trials. For Web-based and mHealth interventions,
Eysenbach and colleagues have called for further expansion of
reporting requirements. They developed the

http://mhealth.jmir.org/2017/4/e47/

CONSORT-EHEALTH (Consolidated Standards of Reporting
Triasof Electronic and Mobile HEalth Applicationsand onLine
TeleHealth) statement to ensure reporting of sufficient detail
for replication and theory building specifically to eHealth [8].
The reporting standards are designed to provide important
guidance for reporting trials in general, but they do not
distinguish specific elements that should be researched during
the process of implementation and juxtaposed with outcome
research at the end of thetrial.

Although the key research outcome of a complex intervention
focuses on the effectiveness of the intervention in everyday
practice, the process eval uation in contrast assesses how closely
the intervention was actually implemented as intended in the
study protocol. Process evaluation data explain why a study
unexpectedly did not achieve anticipated outcomes or if
achieved outcomes are truly a consequence of the intervention.
Process evaluations therefore help to distinguish between the
reasons for lack of outcome as follows: (1) a consequence of
either implementation failure or (2) thefailure of theintervention
itself. In multisetting studies, the process evaluation also
facilitates an examination of differences in outcome and
documents program adaptations at various sites. Process
evaluations shed light on the range of unanticipated effects an
intervention may have, what the active ingredientsin everyday
practice are, how they exert their effect, and how these may
vary among recipients or between sites[9].

Investigating I mplementation Factorsin Multisetting
RCTs

Although standardized reporting of pragmatic trials is crucia
to our understanding of how and why complex interventions
work, a difficulty related to good reporting is that neither al
the active components nor implementation barriers are known
before the start of a trial; instead issues are often discovered
during the implementation process and may vary between
settings, thus requiring an emergent rather than predetermined
study of implementation. Consequently, a key opportunity for
the discovery and description of the unanticipated active
components is the process evaluation. We argue that
standardized reporting frameworks for pragmatic RCTs must
allow for flexibility to permit investigators to explore emergent
processes, once work on the trial has commenced, to ensure
rigorous documentation of the evolving and capricious aspects
of implementation. Therefore, a process evaluation plan that
systematically seeks to document not only the standardized
implementation items but aso the emergent aspects of
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implementation must be a critical piece in the documentation
of pragmatic trials, particularly when diverse cultural settings
areinvolved.

Recommendations for the design of process evaluations of
complex interventions have been published [9-12]. We maintain,
however, that little work has focused on devel oping theoretical
approachesthat would hel p researchersto reduce the complexity
of the process evaluation by focusing on those functional
components that are most relevant to community stakeholders
aswell as researchersin mHealth interventions.

Although there can be no single definition of what elements
comprise the process evaluation of the implementation of
mHealth interventions, we deconstruct the functional
components that are most significant to researchers, policy
makers and implementation science in this study. Building on
the CONSORT-EHEALTH statement and participatory
evaluation theory, we present a framework for the process
evaluations for mHealth interventions focusing on active
components of theintervention in multiple cultural settings. We
also describe the application of this evaluation framework to
the implementation of DREAM-GLOBAL (Diagnosing
hypertension—Engaging Action and Management in Getting
Lower BPin Indigenous and LMIC [low- and middle- income
countries]), apragmatic RCT and mHealth intervention designed
to improve hypertension management in low-resource
environments. In addition, we describe data collection toolsand
processes that were developed to collect the process evaluation
data necessary to inform implementation of the pragmatic RCT
and to inform future scale up of DREAM-GLOBAL in various
geographic and cultural settings.

Methods

The DREAM-GLOBAL RCT

DREAM-GLOBAL is apragmatic RCT that can be described
as a complex mHealth intervention. It is a research project
designed to increase the capacity for affordable, evidence-based,
guidelines-driven hypertension management interventions at
the patient, provider, and community level by leveraging
existing mobile telecommuni cation technol ogy and task shifting
(findings by YeatesK et al, unpublished data, 2016). Thisstudy
was funded by The Canadian Institutes of Health Research,
Grand Challenges Canada, and by the Global Alliance for
Chronic Diseases and involves diverse cultural and geographic
settings, including Indigenous communities in Canada and the
Kilimanjaro region of Tanzania.

The DREAM-GLOBAL mobiletechnology consisted of health
care short messaging services (SMS) texting to support patient
hypertension self-management and to facilitate decision support
for health care providers. The program theory wasinformed by
the Canadian Hypertension Education Program CPGs drawing
on evidence for the prevention of high Blood Pressure (BP)
through dietary sodium restriction, BP measurement, education
interventions for health care providers and patients,
inter-professional care, health systems, and interventions such
as automated reminder systems[13,14].

http://mhealth.jmir.org/2017/4/e47/
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Specifically, the DREAM-GLOBAL RCT was designed to test
the effectiveness of mobile phone-based SMS feedback to
patients and providers tailored to patients BP measurements
using artificial intelligence. Briefly, in this intervention,
nonmedical workers used Bluetooth-enabled BP monitors to
record and transmit BP readings from patientswith hypertension.
Mobile phoneswere used for storing and transmitting the patient
roster and BP readings to a server. The server then sent text
messages to the participating patients with their individual
results. Study participants were randomized into two groups:
one group received a set of cardiovascular health promotion
messages and the second group received the same set of
messages and additional “active” messages that support
self-management by indicating requirement for attendance at
medical appointments, rationalefor drug therapy, and adherence
to medication regimes, and messages directly reflective of their
blood pressurereadings. In addition, DREAM-GLOBAL closed
theloop for sharing of clinical health information among health
care providers.

The DREAM-GLOBAL Constructivist Approach to
the Process Evaluation

Our review of the RCT reporting and process evaluation
literature revealed that there is a significant knowledge gap
related to the development of a process evaluation framework
that can accommodate the values of community-based
participatory research (CBPR) and the importance of
acknowledging diverse cultural perspectives and settings. We
used amedical anthropology approach to devel op aframework
reflective of participatory evaluation theory and specifically
focused on meeting the information needs of academic and
community stakeholders for mHealth interventions in diverse
settings. The process evaluation framework was informed by
the following 3 main factors:

1. A review of current process evaluation theories applied to
complex interventions and established RCT reporting
requirements;

2. Formative DREAM-GLOBAL CBPR in diverse cultura
settings, including ethnographi ¢ notes, research engagement
and implementation research notes, and reflective discussion
sessions with research and community teams collected
during formative research. This data represents a substantial
set of qualitative data collected over the period of 1.5 years
[15,16];

3. mHealth-specific topicswithin the context of international,
culturally, and geographically diverse low-resource settings
[17].

Current Process Evaluation Theories

Various approaches to the evaluation of complex interventions
have been described in the literature. Bamberger and colleagues
stressed that no single methodol ogy can addressall dimensions
of complexity and that a careful mapping of complexity
dimensions is necessary to design an evaluation [18,19]. They
offered a conceptual framework of 5 sources of complexity in
the evaluation of interventions as follows: (1) the nature of the
program (what does the intervention look like), (2) the context
within which the program is embedded, (3) the interactions
among the different stakeholders and agencies involved in the
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program,(4) the nature of processes of change and causality
(how does the program effect change in society and how can
change be captured), and (5) the nature of the eval uation process
(how to deal with divergent stakeholder interests and incentives,
data availability, resources, etc) [20].

In contrast, Damschroder and coworkers conducted a review
of the literature and identified 5 major domains for the
evaluation of implementation: intervention characteristics, outer
setting, inner setting, characteristics of theindividualsinvolved,
and the process of implementation. The respective domainsare
further broken down into a total of 37 subcategories such as
cost, policies, implementation climate, stage of change, and
engagement [21].

Realist eval uation approaches have also been applied to process
evaluations of complex interventions[22]. Therealist evaluation
questions include: “What works, for whom, in what respects,
to what extent, in what contexts, and how?’ To answer these
questions, realist evaluators tried to identify the underlying
mechanisms that explain how the outcomes were caused and
the influence of context on the intervention [23]. Although the
main realist evaluation questions can be adapted to various
projects, thereisalack of consensusand consistency in defining
the major domains of “mechanism” and “context.” Thislimited
itsutility in the devel opment of a concise framework for process
evaluations aimed at mHealth interventions, particularly when
sources of complexity include culturally and geographically
diverse low-resource sites, such asthe DREAM-GLOBAL trial
[24].

The Medical Research Council’s (MRC) guidance report is a
framework for process eval uation of complex interventionsand
builds on the 2008 MRC guidance document for complex
interventions, which recognized the importance of process
evaluation within trials [11,12]. It builds on three concepts for
a process evaluation design namely the description of the
intervention, the mechanisms, and the context. These concepts
align with realist evaluation theory, although the authors do not
recommend specific evaluation theories or approaches. The
authors argue for clear descriptions of intervention theory and
identification of key implementation process questions and
tailoring of the evaluation to the intervention.

While all these frameworks will result in the documentation of
important aspects of a process eval uation, there are also serious
limitations. For example, athough these approaches advocate
to examine the setting of the intervention, it is not clear which
aspects of the setting evaluators should be focused on. Another
limitation specifically associated with realist evaluation
approaches is that realist philosophy presupposes that “reality
can be experienced and shared by everyone in precisely the
same way” [25]. However, in a multicultural context, there is
often little knowledge and experience that is shared between
the researchers and those who interact with the intervention. It
is precisely the lack of a shared culture that makes
implementation particularly difficult to predict, unless the
differences in how the intervention is experienced in various
cultural settings are acknowledged and actively researched. We
argue that it is particularly important when dealing with
evaluations in multiple cultural settings to use a constructivist
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approach which acknowledges the knowledge and experience
constructed by the individuals and societies. Participatory
evaluation theory provides an excellent framework, as this
approach incorporates the perspective and lived experience of
local stakeholder in all aspects of evaluation. The participatory
evaluation approach includes a community-based discovery
process of implementation issuesthat integrateslocal knowledge
and is essential to the development of a good evaluation
framework for health interventions designed to work in diverse
settings.

We argue that given the complexity of mHealth interventions
and the multiple cultural settings of trials such as
DREAM-GLOBAL, it would be naive for an evaluator to
identify a priori the most important active components of the
intervention and related evaluation research questions. Local
knowledge and expertise of community stakeholdersisurgently
needed not only for successful implementation of
DREAM-GLOBAL but also to understand implementation
barriers and required adaptations. We therefore intentionally
moved away from notions of the detached objectivity of a
positivistic oriented eval uation which would marginalize local
knowledge and emergent understandings. Instead of applying
aconstructivist evaluation approach, the research team entered
the development of the process evaluation as “learners, not
claiming to know preordinately what is salient” [26]. The
collaborative process, characteristic of constructivist inquiry
supported adiscovery processinformed by dialogue, negotiation,
and verification with stakeholders to identify the most relevant
evaluation domains related to implementation [26].

For mative Community-Based Participatory Research

CBPR has been defined as “a collaborative research approach
that is designed to ensure and establish structures for
participation by communities affected by theissue being studied,
representatives of organizations, and researchersin all aspects
of theresearch processto improve health and well-being through
taking action, including socia change”’ [27]. CBPR principles
have been incorporated into DREAM-GLOBAL. During
formative CBPR research for this project, we developed an
information gathering and dialogue tool, consisting of the
following 3 phases. (1) a community profile tool, (2) an
interview guide to facilitate the discussion of strategic topics
related to implementation with key stakeholders in the
community, and (3) afocus group guide to lead a dialogue on
community-specific issues related to the intervention. The
methodology has been previously published [15]. A thematic
analysisof thisqualitative dataaswell as participant observation
datafrom community visits and team meetings provided initial
process eval uation domains and eval uation research questions.
We then further compared and contrasted our formative data
with the evaluation literature, specifically the MRC guidelines
[12] and CONSORT-EHEALTH extension. We ensured that
the basic process evaluation domains would address the most
important research questions that are meaningful and of
immediate importance to community and policy maker
stakehol ders.

The finalization of the process evaluation domains was
facilitated by monthly team discussions and several evaluation
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meetings over the period of 12 months where the literature,
formative research evidence, ethnographic notes, and
stakeholder discussion notes were analyzed, and eventually
consensus was reached on the most significant process
evaluation domains.

Integration of the Process Evaluation Research Into
the DREAM-GLOBAL Trial

The pragmatic trial is designed to test the program theory of
DREAM-GLOBAL—to facilitate the control of BP in
low-resource environments through evidence-based text
messaging, targeting patients, and enabling feedback to health
care providers. Theformative research was designed to generate
technological, cultural, social, and health systems data to
determine feasibility and, if necessary, plan for tailoring the

Maer et d

implementation for each DREAM-GLOBAL site [15,16]. The
process evaluation protocol was nested within the pragmatic
trial and followed the formative research beforeimplementation
of thetrial and preceded outcome research (see Figure 1). The
purpose of the process evaluation was primarily to evaluate the
process of implementation of the trial; however, it will also
generateinformation that will be valuablefor potential posttrial
scale up of DREAM-GLOBAL. The objectives of the process
evaluation were to examine (1) what was delivered, including
the quality (fidelity) and quantity (dose); (2) how delivery of
the intervention was achieved; as well as (3) how the mHealth
intervention required adaptations or innovations within the
context of international, culturally, and geographically diverse
low-resource settings [28] and 4) any unanticipated outcomes
[12].

Figurel. DREAM-GLOBAL process evaluation relationship to formative research and trial research (I-RREACH, I ntervention and Research Readiness

Engagement and Assessment of Community Health Care).

l Formative research l Process Evaluation [ Pragmatic RCT

I-RREACH: Community engagment &
Readiness Assessment [15]

I-RREACH: Continued Evaluation of
community engagement

Primary outcome: Assessment of
impact of DREAM-GLOEAL on blood
pressure

( 5MS development & Pre
{ implementation testing of

l Continued monitoring of acceptability
and access to SMS messages

acceptability [16] l

Evaluation research of what was
delivered

Evaluation research of how
implementation was achieved

Adaptations, innovations and
unanticiapted outcomes

Ethics

The study involved Indigenous people and is built foremost on
strong commitment to respectful, CBPR with First Nations
communities as partners in research as outlined in the
Tri-Council Policy Statement (TCPS 2) [29]. We therefore
sought academic ethics review as well as community-based
First Nations ethics review for the clinical trial as well as the
process evaluation research. Furthermore, the research team
aso sought formal approvad and permission for
DREAM-GLOBAL implementation from First Nationsdecision
makers in each of the participating communities after local,
in-person presentations. Academic ethics approvalsincludethe
following: (1) Queen’sUniversity Heath Sciencesand Affiliated
Teaching Hospitals Research Ethics Board, Kingston, Ontario
(DMED-1603-13); (2) Sunnybrook Hedth Sciences Centre
Research Ethics Board, Toronto, Ontario, (#182-2013) and (3)
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the National Institute for Medica Research Tanzania
(NIMR/HQ/R.8a/\VVol .1 X/1698). Community-based ethics review
in First Nations communitiesincluded The Cree Board of Hedlth
and Social Services of James Bay, Ontario and Manitoulin
Anishinaabek Research Review Committee (MARRC), Ontario.
The study was also formally approved by decision-making
bodiesin all participating communities through Band Council
Resolutionsin participating First Nations.

Trial Status

Theimplementation of the RCT (Clinical Trials.gov registration:
NCT02111226. 2014) is currently ongoing and is expected to
be completed by December 2017. The data analysis had not
begun at the time of submission of this protocol.
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Results

Organizational Levelsof the Process Evaluation

Four human organizational levels of participants impacted by
the mHealth intervention were identified in our analysis and
included patients, providers, community and organizations
actors, and health systems and settings (see Figure 2). These

Textbox 1. Human organizational levels.

Maer et d

four levels correspond with the organizational evaluation
domains (see Textbox 1).

These four organizational levelscritically impact on the primary
outcome of the mHealth intervention, that is, improvementsin
BP. The process evaluation framework therefore examines
implementation from each of these four organizational
perspectives.

decision makers and National health policy makers.

«  Patient participants comprise the primary target population of the intervention, in this case people with hypertension are enrolled in the study.
«  Provider participants are care and service providers whose work is to some degree atered by the intervention.

«  Community and organization members are people whose immediate social environment impacts on the intervention, for example, those who
permit the implementation or approve changesin work flow. They may a so be decision makers.

»  Health system and setting members are people or structures that impact on the implementation at a systems level, such aslocal and district level

Figure2. Major factors that interact with the DREAM-GLOBAL mHealth intervention.

mHe

alth-Intervention

Primary Implementation Themesin the Process
Evaluation

We thematically reanalyzed qualitative data collected during
the formative research and found four primary implementation
themes that interact with the four organizational domains
described above. The primary implementation themes for each
of the organizational domains were (1) identification of the
major active component of theintervention (or program theory),
(2) the technology of the intervention, (3) cultural congruence,
and (4) task shifting. In addition, participant observation
research and ongoing collaboration meetings with community
stakeholders helped to identify emergent issues and the
importance of these issues. We therefore |earned theimportance
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RenderX

of documenting unintended consequences, which became our
fifth primary implementation theme.

Development of Evaluation Questions

The interaction between the organizational levels and the
primary implementation themeswill be explored in this process
evaluation. Using the four organizational domains and their
interaction with the primary implementation themes, we
developed detailed evaluation research questions and the
identified data or information sources that we concluded would
best answer our questions. The evaluation questions and data
sources are presented in Multimedia Appendix 1.

For example, one issue identified as a primary implementation
theme in our formative work was the notion of task shifting.
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Task shifting in health careis aprocess where specific tasks are
delegated to health care workers who have fewer qualifications
but have received competency training [30]. In
DREAM-GLOBAL, the task of measuring BP is shifted from
amedical to anonmedical worker. Applying thisimplementation
theme to the four domains of our framework, we developed
gueriesto exploretheimpact of task shifting on each of thefour
human organizational levels:

1. Patients have to be comfortable with the task shifting.

2. Nonmedical providers should be confident and willing to
take on this new task, and medical providers should be
confident on the nonmedical providers to accept that
measurements are accurate, in order to act on them

3. Theorganizational decision makershavetobeinaposition
where they can assign the new tasks.

4. Hedth system decision makers must support the shift
instead of posing barriers (eg, funding or licensing issues).

Discussion

Principal Findings

The DREAM-GLOBAL RCT congtitutes a complex mHealth
intervention because it is designed to affect change in the
behavior of patients, providers, and local systems in order to
achievethe primary outcome: lowering BP through management
according to CPG. The DREAM-GLOBAL RCT intervenes at
multiple points in the care normally provided to patients with
hypertension. It combines achronic care management approach
with medical task shifting to community health resource and
community health workersin order to ensure hypertension care
is delivered according to CPGs, even in low-resource
environments such as Indigenous communities in Canada and
Tanzania.

Given the complexity of the program, extensive formative
research was necessary to understand the local health care
system before initiating program implementation. This was
necessary for the program to be adapted to patientsand providers
in diverse cultural contexts and health systems [15]. However,
we also redlized that some adaptations to optimize integration
with existing health services and to minimize undue increased
workload and systemic barriers could not be anticipated before
implementation and that required an openness to flexibility
during the process of implementation. In line with Bumbarger
and Perkins [28], we wanted to document the unanticipated
issues and distinguish between “innovation” (skilled
implementers actively attempting to make an intervention better
fit their population or setting) and “drift” (unintentional
shortcomings arising from barriersto full implementation) [12].

The research team anticipated the possibility of emerging
elements that should be examined in a process that may not
have been obvious during implementation planning. The
research team preplanned adiscovery processthrough formative
and CBPR.
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Applicability of the DREAM-GL OBAL Framework
to Other mHealth Interventions

The DREAM-GLOBAL pragmatic trial involves severa
interacting components targeting changes in the patient,
provider, health organizations, and health systems, which makes
it a complex intervention. This is arguably true for aimost all
mHealth interventions, and our proposed framework based on
human organizational level domainsistherefore auseful and a
clearly focused framework for process evaluations of complex
mHealth interventions.

Our framework chart identified several primary implementation
themes related to the intervention that we claim to be explored
in process evaluations of mHealth interventions:

Major active components of the intervention: Craig and
colleagues discussed for the importance of describing and
evaluating how the intervention works by clearly describing
how the activeingredients exert their effect. “ Only by addressing
this kind of question can we build a cumulative understanding
of causal mechanisms, design more effective interventions and
apply them appropriately across group and setting [10].” We
believe that it is necessary to explore active components from
the perspective of the four human organizational levels of
patients, providers, organizations, and systems.

Technology: Technology is by definition the most integral
component of any mHealth intervention and therefore requires
close scrutiny in process evaluation at different organizational
levels.

Cultural congruence: The importance of the significant
additional complexity introduced with the inclusion of diverse
cultural settings of implementation has been stressed in the
literature[9,11]. With increasing cultural diversity within many
regions of the world due to human migration as well as the
application of interventions in various settings, a focus on the
important role of cultural factors and the arising need for
adaptation for cultural congruence is an important emergent
area of study of mHealth interventions.

Task shifting: Task shifting is one way to expand the health
work force in low-resource countries, and it is a necessary
component of mHealth when the interventionsrequire new ways
for providers to interact with patients.

Unintended consequences: Many teams have underscored the
need for process eval uationsto capture unintended consegquences
and the importance of using a variety of methods to describe
these in detail [10,11,31].

Clearly, the primary implementation themes of
DREAM-GLOBAL are strongly supported in the literature,
which underscores their relevance to process evaluations of
mHealth interventions, in general. When the framework is
applied to interventions other than DREAM-GLOBAL,
additional primary implementation themes could be added by
researchers once identified, and added to the framework chart.
Evaluation questions within the framework chart should be
adapted for each intervention.
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Implicationsfor mHealth Interventionsin Diverse
Cultural Settings

The DREAM-GLOBAL process evaluation protocol provides
a framework to document how this intervention was
implemented in vari ous | ndigenous communitiesin Canadaand
rura villages in Tanzania; and if the same intervention was
implemented and received in similar ways in different
communitiesor not. Our framework has several strengthsrelated
towork in diverse cultural settings.

First, thisframework allows for exploration of emergent topics
and verification with multiple stakeholder perspectives instead
of imposing arigid linear framework that would have put us at
risk of not identifying and anayzing key unanticipated
implementation factors. The four human organizationa levels
(patients, providers, community and organizations, and health
systems and settings) can be applied to other mHealth
interventions to guide the development of the most salient
evaluation research questions. Although implementation themes
may vary slightly in other mHealth interventions, following our
approach will help to identify the relevant implementation
themes.

Second, our collaborative socia constructivist 1-RREACH
approach alowed us to tap into the tacit knowledge of
stakeholders by collecting qualitative data through field notes
and extensive dial ogue and negotiation. Community stakeholders
and providers have tacit local knowledge which can support,
strengthen and optimize the intervention in the local context;
academic team members on the other hand have technical
expertise to ensure that essential elements of an intervention
are preserved in various settings [15].

Third, CBPR—the research approach employed for
DREAM-GLOBAL—is an excellent epistemological fit with
a socia constructivist evaluation approach. Clearly, CBPR
shares the orientation of social constructivist evaluation in that
it incorporates and legitimizes multiple value systems,
perspectives, and stakeholders and emphasizes the role of
dialogue and negotiation and their link to action and
improvements. Therefore, as part of the study implementation,
the community was involved in shaping how the research would
be implemented to provide the maximal benefit for the
community and these processes were critically important for
the successes of the study.

Fourth, the process evaluation isintended to support the succinct
reporting of the DREAM-GLOBAL RCT according to the
CONSORT-EHEALTH.

Finally, we found that the formative qualitative research on
community engagement and the development of the SMS

Maer et d

messages we conducted before implementation of
DREAM-GLOBAL [15,16] were also useful in informing the
process evaluation. The I-RREACH process was implemented
in five Indigenous communities and two rural villages in
Tanzania. A total of 135 informants participated in 12 focus
groups and 7 interviews. After the sessionswere completed, 83
informants participated in an evaluation of the I-RREACH
session. During the development of culturally safe SMS
messages, a total of 45 informants from 3 Indigenous
communitiesand 1 community in Tanzania participated in four
focus groups. Thisrich formative qualitative research provided
deeper understanding of community issues related to the
implementation of a hypertension mHealth intervention in our
thematic analysis and confirmation for the emerging evaluation
domains for the process evaluation protocol.

We acknowledge that an important factor in our approach is
that it relies on a collaborative team approach which includes
local community expertsand awell-functioning interdisciplinary
academic team.

Our research supports the notion that process evaluations of
complex mHealth interventions cannot be fully designed in
advance and instead should employ a framework that allows
for emergent research. When an mHealth intervention is to be
deployed in multiple cultural settings, our research suggests
that a participatory constructivist approach to the devel opment
of the process evaluation is necessary to identify relevant
evaluation questions that incorporate local knowledge and
expertise.

Conclusions

Eysenbach and colleagues stated that the
CONSORT-EHEALTH statement is“ only the first step and the
guideline will be very much a living document in an iterative
and ongoing development process’ [8]. We have developed
from this checklist, to identify items that are well suited to be
studied during implantation of an mHealth intervention during
the implementation using process evaluation methodologies.
We succeeded in creating an uncomplicated approach to the
development of a process evaluation framework for mHealth
interventions that provide key information to stakeholders,
which can optimize implementation of the pragmatic trial and
can be used to inform scale up. The human organizational level
domains used to focus primary implementation themes in the
DREAM-GLOBAL process evauation framework are
sufficiently supported in our research and literature that they
can serve as a valuable tool for other mHealth process
evauations.
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Abstract

Background: Activity trackers are widely used by adults and several models are now marketed for children.

Objective: Theaims of this study were to (1) perform a content analysis of behavioral change techniques (BCTs) used by three
commercialy available youth-oriented activity trackers and (2) obtain feedback describing children’s perception of these devices
and the associated websites.

Methods: A content analysis recorded the presence of 36 possible BCTsfor the MovBand (MB), Sqord (SQ), and Zamzee (ZZ2)
activity trackers. In addition, 16 participants (mean age 8.6 years [SD 1.6]; 50% female [8/16]) received al three trackers and
were oriented to the devices and websites. Participants were instructed to wear the trackers on 4 consecutive days and spend =10
min/day on each website. A cognitiveinterview and survey were administered when the participant returned the devices. Qualitative
data analysis was used to analyze the content of the cognitive interviews. Chi-square analyses were used to determine differences
in behavioral monitoring and social interaction features between websites.

Results: The MB, SQ, and ZZ devices or websites included 8, 15, and 14 of the possible 36 BCTSs, respectively. All of the
websites had a behavioral monitoring feature (charts for tracking activity), but the percentage of participants indicating that they
“liked” those features varied by website (MB: 8/16, 50%; SQ: 6/16, 38%; ZZ: 11/16, 69%). Two websites (SQ and ZZ) included
an “avatar” that the user could create to represent themselves on the website. Participants reported that they “liked” creating and
changing their avatar (SQ: 12/16, 75%, ZZ: 15/16, 94%), which was supported by the qualitative analyses of the cognitive
interviews. Most participants (75%) indicated that they would want to wear the devices more if their friends were wearing a
tracker. No significant differences were observed between SQ and ZZ devices in regards to liking or use of socia support
interaction features (P=.21to .37).

Conclusions: The websites contained several BCTs consistent with previously identified strategies. Children “liked” the social
aspects of the websites more than the activity tracking features. Developers of commercial activity trackers for youth may benefit
from considering atheoretical perspective during the website design process.

(JMIR Mhealth Uhealth 2017;5(4):€55) doi:10.2196/mhealth.6347
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Introduction

Background

The importance of engaging in daily physical activity (PA) to
attenuate the prevalence of preventable chronic diseaseiswell
documented. To that end, it is recommended that children and
adolescents engage in at least 60 min of moderate-to-vigorous
intensity PA every day to maintain or improve health status[1].
However, only 42% of children aged 6-11 years meet this
recommendation [2]. To offset the rise of unhealthy trends in
youth, new strategies are continually being proposed to modify
these unhealthy behaviors.

One of the new approaches being explored isto have youth use
trackersto self-manage activity behavior. Previous studies have
been successful using pedometersasatool to promote behavior
change[3,4]. Electronic self-monitoring devices, such asfitness
trackers, have become very popular with recent reports stating
that sales have been more than doubled since 2014 [5]. These
devices are targeted at various populations, including children.
Consumer activity trackers contain accel erometers and provide
measures of activity level to the user with the intent to increase
PA behavior. Some studies in adults have shown increases in
activity when using a device such as a pedometer or activity
tracker [6-8]. However, the capability of these devices to
improve behavior relies partially on the device's ability to
engage usersto encourage and support positive behavior change
[9,10].

Using theory to guide interventions designed to change health
behaviors in adults and youth is well-supported [11-14].
Theoretical models provide mediating variables that can be
assessed to better understand intervention successor failure and
allow the research to be replicated or modified in future
implementations. To what extent these constructs are
incorporated into activity tracker websites remains unclear. In
particular, thereisalack of research surrounding these devices
when used with children.

With the potential for consumer activity trackers to increase
PA, itisimportant to evaluate the behavioral change techniques
(BCTSs) that are incorporated into these devicesto identify how
changes (if any) are produced and how it can be improved.
BCTs can be defined as observable and replicable components
of behavior change interventions [14]. BCTs can be
implemented alone or combined to elicit a specific behavior
change in intervention areas such as PA.

Middelweerd et al [15] recently performed a content analysis
on mobile apps to promote PA in adults. However, limited
research has evaluated the presence of BCTsincorporated into
activity trackers, particularly in children. Of the PA tracking
devicesthat are currently marketed to children, only the Zamzee
(ZZ) has been evaluated, although the device maker conducted
thisstudy [16]. Theresults of this study suggested that users of
the ZZ (54-68%) participated in more moderate to vigorous PA
than their control group counterparts (P<.001). Additional
independent research is needed to inform the community about
how well this device and others incorporate BCTsto stimulate
behavior change in this population.

http://mhealth.jmir.org/2017/4/e55/
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Aims of This Study

Theamsof thisexploratory study wereto (1) perform acontent
analysis to evaluate the BCTs present in three commercialy
available youth-oriented activity trackers and (2) to obtain
feedback and information describing the children’s perception
of these devices and the associated websites.

Methods

Participants

Children (N=16; age 8.6 years [SD 1.6]; 50% female) were
recruited through posted flyers and word of mouth. Inclusion
criteria included age (6-11 years) and no physical or mental
disabilities that would interfere with the child's ability to
perform PA, understand website navigation, or follow protocol
instructions. Children were recruited to reflect the elementary
school age range, which appearsto be atarget demographic for
the activity trackerstested in thisstudy. The Institutional Review
Board approved this study. Written informed consent was
obtained from parents, and assent formswereread to each child
before any data collection.

Procedures

Before recruiting participants, acontent analysis was compl eted
for each tracker and associated website to identify theory-based
BCTs. Following the content analysis, children were recruited
to participatein the free-living portion of the study. At aninitial
visit, each participant was asked to simultaneously wear three
commercialy available PA trackers on four consecutive days.
Children were instructed on use of the trackers, given a brief
introduction to each website's features, and provided with
instructions on uploading activity tracker data to the websites.
Participants were instructed to spend aminimum of 10 min each
day on each of the three websites. Parents were provided alog
to record the amount of time that the child had spent on each
website. After 4 days of wear, children returned all devicesand
then completed cognitive interviews. Children then completed
a survey based on awareness and perception of specific BCTs
for each website.

Physical Activity Trackers

This investigation focused on three commercially available
devices (Figure 1). The Sgord (SQ: Sqgord, Inc, Durham, NC,
USA) is a wrist-worn device similar to a watch that lacks a
display. TheMovBand (MB: MovBand, LLC, Brecksville, OH,
USA) is another wrist-worn device that displays the time and
“Moves’ or “Steps” Finally, the ZZ (a project of HopelLab,
Redwood City, CA, USA) is a hip-worn device that uses a
built-in clip to attach to a user’s waistband, pants pocket, or
other location. For this study, the ZZ was clipped to an elastic
strap with the device positioned over the child's hip.

Each device used specific terms or language in the
corresponding website. Images of the home screen for each
device can be seen in Figure 2. Each device talied points
throughout the day and upon syncing the device, points that
were accumulated since the last upload would appear for the
user to view. For the SQ, the metrics were caled “activity
points” and “sgoins.” If you earned enough “ sgoins,” you could
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purchase items to put in your “backpack” (eg, clothing for
website avatar). For the ZZ, the metric was called “ pointz,” and
if you accumulated enough “pointz,” you could then earn the
more valuable metric of “zamz.” Similar to the SQ, the ZZ
website had afeature where you could purchase“ rewards’ when
enough zamz were earned. Once the userstotal ed the minimum
number of zamz, they could purchase virtual and actual items

Masteller et a

(eg, clothing for website avatar, shoelaces); actual itemswould
be mailed to the users. When using the SQ and ZZ websites,
the users a so had the option to express their feelings by using
“thought bubbles” (SQ) and “whamz” or “shoutz” (ZZ). The
SQ and ZZ websites also contained an avatar feature in which
the user could customize their look. The MB website tracked
activity using “moves,” steps, and miles.

Figure 1. From left to right, the MovBand (MB), Sqord (SQ), and Zamzee (ZZ) activity trackers.

Figure 2. The home pages of the MovBand (MB), Sgord (SQ), and Zamzee (ZZ) websites.
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Behavior Change Techniques

In order to map each device or website onto specific BCTsfor
promoting PA, we used a previously developed taxonomy for
“health and fitness’ mobile phone apps [17] that have been
recently updated [15]. The taxonomy draws from a number of
health behavior theories [18], theory of reasoned action [19]
and theory of planned behavior [20], and combines similar
theoretical constructsinto 16 broad categories with 93 specific
BCTslisted withinthe broader categories. A total of 36 specific
BCTswereincluded for this project, since not al techniquesin
the full taxonomy applied to children and/or PA promotion.
Using our list of 36 BCTSs, two researchers assessed the presence
of each BCT for each website or device (product) and noted
where this BCT was evident. After the independent content
analyses, the two researchers conferred and resolved any
discrepancies.

Cognitive Interviews and Survey

To assess the children’s ability to navigate the websites, we
used a combination of semi-structured cognitive interviews
during website navigation and structured survey responses to
gauge the comprehension of website features. The cognitive
interviews used a “talk aloud” technique where participants
navigated each device website while talking aloud about their
understanding of the display, their likes or dislikes about the
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format, and their understanding of how to navigate the website.
The order of which websites were presented to the child during
each interview was random. The interviews were video- and
audiotaped to provide an accurate account of each participant’s
experience. Videotaping was conducted with a digital video
camera pointing over the child’'s shoulder so that the child’'s
face was not seen. The audiotape from each session was
transcribed.

After the interview, participants also completed a survey to
provide feedback about specific website features and their
experience using the devices. To ensure comprehension, all
questions and response options were read out loud to all
participants and researchers marked their responses on the
survey. PA was defined for the child as, “any play, game, sport,
or exercise that gets you moving and breathing harder,” before
answering any questions.

Participants answered questions about their usage (5 questions)
and enjoyment of (4 questions) specific website features. When
asking about usage of specific features, children chose from the
options“never,” “alittle” or “alot.” For example, one question
asking about a SQ specific feature was, “How often did you
interact with other people on the Sqord website (high fives,
squaks)?’ In order to gauge the degree to which a participant
enjoyed specific features of the device, they were asked 4
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questions for each website; “Tell us how much you liked these
features from the Sqord website: (1) Track your PA, (2) Find
out about other activities and games, (3) squaks or high fives,
and (4) Creating and changing your avatar.” Similar questions
were asked for the MB (no avatar) and ZZ website features.
Response options included, “disliked,” “okay,” “liked,” or “I
don’'t know.” We also assessed the participant’s experience as
awhole, not related to a specific device, using five additional
guestions.

Statistical Analyses

The degreeto which each BCT wasincorporated into the design
of the product was assessed by noting the number of times the
BCT category was marked for the device and/or website
(assigned 1 point for each subcategory). Also, BCTsthat were
visible on the home page of the device website or on the tracker
itself (eg, display on MB) were assigned an additional point (2
points total) since they would be most visible to the users. The
pointsfor each BCT were summed for each product to quantify
itsoverall presence and total scoreswere compared. Qualitative
data analysis was conducted using NVivo 10.0 software (QSR
International, Victoria, Australia) to identify common themes
mentioned during the cognitive interviews. The transcripts of
each cognitive interview were uploaded to NVivo, and one
researcher created specific nodes to identify common themes

Masteller et a

and categories to organize and refine the data. Direct quotes
(deidentified) were extracted from the transcriptionsto represent
general themes. Responses to survey questions were analyzed
using descriptive statistics and chi-square analyses (significance
was set at P<.05). Quantitative data were analyzed using Stata
13.1 (StataCorp LP, College Station, TX, USA).

Results

Behavior Change Techniques

Of the possible 36 BCTs, the M B, SQ, and ZZ websitesincluded
8, 15, and 14 techniques, respectively (Multimedia Appendix
1). When total points were adjusted for location on the device
and/or website, the MB, SQ, and ZZ scored 16, 23, and 44
points, respectively. Although the participants spent slightly
more time on the SQ website during the cognitive interviews,
the ZZ website scored the highest total points in regard to
presence of BCTs (Figure 3). There were constructs from the
taxonomy that were not represented by any of the devices or
their associated websites including natural consegquences
(information about health consequences), repetition and
substitution (forming new habits), comparison of outcomes (to
acredible source), and antecedents (adding and removing objects
to the environment).

Figure3. Summary datafrom behavioral changetechnique (BCT) scores adjusted for location on the device or website (points) and cognitive interviews

(% of time on each site). MB: Movband; SQ: Sqord; ZZ: Zamzee.
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Website Social Support Features

Two websites (SQ and ZZ) contained several social support
features, including an avatar that the user could creste to
represent themselves on the website. No significant differences
were observed in the participants’ reactionsto the socia support
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features provided by the SQ and ZZ (P=.21 to .37; Table 1).
Participants reported that they “liked” creating and changing
their avatar (SQ: 12/15, 75%; ZZ: 15/16, 94%). Approximately
17% of the cognitive interview time was in reference to the
social support features (eg, avatar, clubhouse, high fives, shoutz,
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sguaks), with the avatar being the most popular feature among
the participants.

I like howyou can“ like” things becausethen it makes
me feel good when people like my stuff because it
makes me feel happy. [Girl, Age 10, ZZ website]

| like the ones (websites) where you get to do a lot of
activities. [Boy, Age 9, SQ and ZZ websites]

Additionally, the socia interactions that took place on the
website were an area of interest for some of the participants.

| like finding people. And I like looking at how much
points| have and they have. [Boy, Age 6, ZZ website]

All of the websites featured BCTs associated with goals and
planning, feedback and monitoring, comparison of behavior,
and sef-belief. Related to these constructs, 17% of the
interviews contained speech on self-monitoring techniques
including activity charts or points, medals, “moves’ or stepsor
miles, “sgoins,” “zamz,” and minutes in the “zamzone.” All of
the websites had a behavioral monitoring feature(s) (eg, charts
for tracking activity), but the percentage of participants who
indicated “liking” that feature varied by website (MB: 8/16,
50%; SQ: 6/16, 38%; ZZ: 11/16, 69%).

| really like that, um, you get rewards. That's pretty
awesome. | like all the rewards. | like everything, but
| think they could make the challenges a bit more
clear, like of what you're supposed to do. [Girl, Age
9, ZZ website]

It was apparent that age and maturity modified the participant’s
perceptions of the devices or websites aswell astheir ability to
navigate the websites on their own. Most of the participants
first navigated to a feature that was located on the home page
(MB: 16/16, 100%; SQ: 10/16, 63%; ZZ: 14/16, 88%). Many
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of the younger children were unfamiliar with using a computer
and relied on their parent for guidance. Some aspects of the
websiteswere unclear to afew of the participants and may have
hindered the impact of certain BCTs.

| sometimes look at the challenges but | don’t really
know what they are. [Boy, Age 7, ZZ website]

| don’t really know how to get Sgoins and so it's
really, really confusing how to get sqoins and stuff
because, | mean, | did the exercise. [Girl, Age 10, SQ
website]

And thething that | didn’t like about this one wasthat
it wasn't clear and | till don’t know how you get
Zamz, which are like the money [Girl, Age 10, ZZ
website]

On average, 18% of the total interview time was spent on the
MB site and its features. The participants spent significantly
more time on the SQ and ZZ websites (37% and 34%,
respectively). The remaining interview timewas spent between
websites or additional unrelated commentary. No socia support
features were observed for the MB and when talking about the
MB website, most of the participants mentioned that they did
not find the website interesting.

This one | thought was the least interesting because
you could barely do anything. [Girl, Age 10, MB
website]

The MovBand | didn't really like it because you
couldn’t really do anything active, you just look at it
which wasn’t really fun to me. It did have one
advantage which was seeing if you' re average or not
average. [Boy, Age 9, MB website]

That was my favorite watch, but least favorite website.
[Boy, Age 10, MB website]
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Table 1. Survey responses (percent) related to social support website features for the Sqord and Zamzee. The MovBand contained no social support

features and therefore was not included is these analyses.

Socia support website feature Sqord Zamzee
Avatar (P =.21)

Disliked 6 0

Okay 0 0

Liked 75 94

| don’t know? 19 6
Social interaction (P =.37) (squaks, high fives) (shoutz)

Disliked 6 0

Okay 13 25

Liked 38 38

| don’t know? 44 37
Freguency of interaction with other users( P =.34)

Never 50 38

A little 12 37

A lot 38 25

#The response option “I don’t know” was not included in the chi-square analyses.

However, a few participants noted the simplicity of the site
made it easy to navigate and understand.

This was my favorite because it was kind of easy to
understand. It wasn't confusing at all. [Boy, Age 9,
MB website]

When asked if the monitor and website “made me more
physically active,” amagjority of the participants answered “yes”
(MB: 12/16, 75%; SQ: 12/16, 75%; ZZ: 15/16, 94%). When
asked about their activity level during the four days of tracker
wear, 7 of the 16 participants (44%) reported that they were
“more active than usua” and 9 of the 16 participants (56%)
claimed that their activity level was “about the same as usual .
Participants also claimed that wearing the monitors during the
4-day study period made them spend more time on the computer
(11/16, 69%); therefore, increasing screen time during the study
period. Additionally, 69% (11/16) of users said that wearing
the monitors made them “enjoy PA more” Finaly, each
participant was asked, “If your friends were al so wearing these
devices, would that make you want to wear them more or less?’
and 75% (12/16) responded that they would want to wear them
more.

Discussion

Principal Findings

The aims of this study were to (1) perform a content analysis
to evaluate the BCTs present in three commercially available
activity trackers marketed to children and (2) obtain information
on the children’s perceptions of these devices and the associated
websites using quantitative and qualitative analyses. When the
presence of BCTs was summed from each device or website
combination, all three devices exhibited less than 50% of the
highest possible score (8, 15, and 14 out of atotal 36 possible

http://mhealth.jmir.org/2017/4/e55/

BCTs). Compared with the MB, the SQ and ZZ websites are
more child-centric and also utilized more of the BCTsfrom the
taxonomy [11,17]. In addition, children liked the SQ and ZZ
websites more than the MB website.

The website layout and design seemed to have an effect on the
children’s perceptions of the device. This could possibly be
explained by the design of the SQ and ZZ websites being
colorful, bright, and “child-friendly.” The MB website was
relatively straightforward and monochromatic. Although such
adesign esthetic may be appealing to adults, it could potentially
decrease a child's interest in using the tracker (Figure 2). It
would seem ideal to develop a website that was stimulating
enough to encourage consistent use of the tracker while not so
engrossing that the child would then spend excesstime in front
of ascreen.

It was apparent that in this study the older children were more
comfortable navigating the websites independently, whereas
the younger children relied on their parents or guardians for
guidance and assistance. Because these devices are marketed
as child-friendly, the website design should be appropriate for
the user demographics. The SQ and ZZ websites included
several links within each page and multiple tabs along the top
of the screen that some children did not easily access. A simple
and direct navigation platform that targets the most important
aspects of the website's features according to successful BCTs
would be beneficial, particularly for children.

The participants enjoyed playing with the avatar feature on the
SQ and ZZ sites and spent a considerable portion of their
interview talking about this specific feature. However, if the
goal of thesedevicesistoincrease PA, the primary focus should
perhaps be on the activity charts and portions of the website
devoted to increasing PA and attempting to also comply with
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screen time guidelines of less than 2 h/day [21]. One
recommendation isto allow user access for an allotted amount
of time each day in an effort to support engagement in real-world
physical activities [22].

It is recommended that child-centric activity tracker websites
be developed in an effort to target BCTs, especialy if being
used as an intervention tool. Placing essential features on the
home page would attract the attention of the users (eg, activity
charts). We recognize that incorporating all areas of the
taxonomy would pose a challenge to website developers by
specifically providing information about why children should
engage in PA (natural consequences) and how to make PA part
of daily life (repetition and substitution) may be important
techniques in promoting behavior change in youth. However,
itisnot clear that embedding these areas of the taxonomy would
actually be appropriate for this age group because of theinability
for children to understand such higher level thinking. Natural
consequences and repetition or substitution were two of the
areas not represented in the content analysis for any of the
websites. The recently developed video game “Escape from
Diab” [23] incorporated the use of several other theoretical
frameworks such as self-determination theory [24] and
behavioral inoculation [25] to determine mediators and behavior
change processes. Behavioral scientists and website designers
worked together to create a video game that would be
entertaining and theoretically sound. Thistype of collaboration
should be replicated when attempting to change behavior with
the use of technology.

Limitations

One limitation to this study is the small, relatively active, and
nondiverse participants (100% Caucasian). An additional
limitation is that we did not collect socioeconomic data for our
participants. The participants wore the devices independently
from each other, so we do not have data regarding the use of
thedevicesin classroomsor other group settings. The children’s
perceptions of the monitors and websites were likely affected
by the length of time they spent exploring the features of the
devices and their corresponding websites. Children were
instructed to spend a minimum of 10 min/day using each
website; however, even with parental involvement, wewere not
able to obtain accurate estimates of website exposure on each
of the 4 days despite asking the parentsto provide awritten log.
In addition, our participantsworeall three trackers concurrently
and this could have affected their use of the trackers and
interaction time with the websites. Additional research should
test tracker and website usage for each of these devices

separately.

It should be noted that all of these devices can be used in agroup
setting by establishing groups or teams through the website.
For this project, we explored our aims from the standpoint of a
single user, rather than a team or classroom group. According
to the survey results, 75% of the participantsindicated that they
would want to wear the devices more if their friends were also
using them. Therefore, utilizing the “group” features of the
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websites may encourage the use of these activity trackers more
regularly in this population. Since we did not use these features
on the devices, we do not know if using these features would
have influenced the children’s perceptions of the devices and
websites. In addition to not using the group features, the MB
website was not seen as visually appealing for the children in
this study compared with the others (Figure 2). Future research
should explore the use of this feature for each of the devices.

A growing number of studies have examined the use of activity
trackers and mobile device appsfor stimulating behavior change
in adults[6-10,16], but thereisalack of information regarding
use of these trackersin younger populations. To our knowledge,
thisisthefirst independent research to assessthe BCTsin these
child-oriented devicesin combination with acognitiveinterview
where we received feedback from the users about their
experience with these devices and websites. Although there are
far fewer devices specifically targeted to children, the potential
exists for manufacturers of adult activity trackers to expand
their current offerings to include a child-focused device with a
youth version of their existing Web and mobile app content.
Therefore, using such devices in school- or group-based
interventionswould be alogical next step. The use of acriterion
measure (such as aresearch-grade accelerometer) to assessthe
validity and effectiveness of the activity trackersto increase PA
is aso recommended. Our results indicate room for expansion
in theory-based Web content and changes to website layout so
that children are more directly exposed to important and
potentially effective BCTs.

Conclusions

This paper provides the first in-depth content analysis of three
child-oriented activity trackers and children’s perceptions of
the devices and websites. A growing number of studies have
examined the use of activity trackers and mobile device apps
for stimulating behavior change in adults, but thereis alack of
information regarding use of these trackers in younger
populations. Because young children lack the ability to
understand abstract concepts or report feelings on surveys,
additional techniques were needed to explore the affective
responses of young children. The cognitive interviews with a
structured qualitative analysis along with the quantitative survey
dataprovide an innovative mixed-methods analysisthat deepens
our understanding of the children’s affective responses to the
devices. With the popularity of the many adult activity trackers
and several youth-oriented trackers currently being used in a
variety of settings, it is anticipated that manufacturers of adult
activity trackers will expand their current offerings to include
a child-focused device based on their existing Web and mobile
app content. The findings from this study suggest that the
trackers or websites that displayed more behavioral constructs
were more appealing to the child. However, further research is
warranted to explore how the behavior change theoretical
constructs are presented on these devices or websites and how
these constructs change with long-term use and whether they
facilitate healthy behavior change.
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