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Abstract

Background: Recent prevalence data indicates that Pacific Islanders living in the United States have disproportionately high
smoking rates when compared to the general populace. However, little is known about the factors contributing to tobacco usein
this at-risk population. Moreover, few studies have attempted to determine these factors utilizing technol ogy-based assessment
techniques.

Objective: Theobjectivewasto develop acustomized I nternet-based Ecological Momentary Assessment (EMA) system capable
of measuring cigarette use among Pacific I slandersin Southern California. This system integrated the ubiquity of text messaging,
the ease of use associated with mobile phone apps, the enhanced functionality offered by Internet-based Cell phone-optimized
Assessment Techniques (ICAT), and the high survey completion rates exhibited by EMA studies that used electronic diaries.
These features were tested in a feasibility study designed to assess whether Pacific Islanders would respond to this method of
measurement and whether the data gathered would lead to novel insights regarding the intrapersonal, social, and ecological factors
associated with cigarette use.

Methods: 20 young adult smokers in Southern California who self-identified as Pecific Islanders were recruited by 5
community-based organizations to take part in a 7-day EMA study. Participants selected six consecutive two-hour time blocks
per day during which they would bewilling to receive atext message linking them to an online survey formatted for Web-enabled
mobile phones. Both automated reminders and community coaches were used to facilitate survey completion.

Results: 720 surveys were completed from 840 survey time blocks, representing a completion rate of 86%. After adjusting for
gender, age, and nicotine dependence, feeling happy (P=<.001) or wanting a cigarette while drinking alcohol (P=<.001) were
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positively associated with cigarette use. Being at home (P=.02) or being around people who are not smoking (P=.01) were

negatively associated with cigarette use.

Conclusions: The results of the feasibility study indicate that customized systems can be used to conduct technol ogy-based
assessments of tobacco use among Pacific Islanders. Such systems can foster high levels of survey completion and may lead to

novel insights for future research and interventions.

(JMIR mHealth uHealth 2016;4(1):€2) doi:10.2196/mhealth.4437

KEYWORDS

Pacific Islander; tobacco use; cigarette use; mobile phone; text message; ecological momentary assessment

Introduction

Assessing Health Disparities among Pacific | landers

Pacific Islander refers to Chamorros, Marshallese, Native
Hawaiians, Samoans, Tongans, and other related groups who
share a common origin, culture, and customs. These
communities face a wide range of social, economic, and
health-related challenges. Educational attainment among Pacific
Islandersresiding in the United Statesis low, with only 14.4%
obtaining bachel or’'s degrees as compared to the national average
of 27.9% [1]. Per capitaincome among Pacific IslandersisUS
$19,051 whereas the national average is US $27,334 [1].
Smoking-related conditions, such as cardiovascular and
respiratory diseases, are disproportionately high among Pacific
Idanders [2]. This fact is often overlooked within
epidemiological studies that aggregate Pacific Islander data
with those of Asian Americans|3]. Disaggregated Asian-Pecific
Islander data from the National Adult Tobacco Survey between
2009 and 2010 revealed past month smoking rates of 20.0%
compared with 4.7% for Chinese, 5.5% for Asian Indians, 7.2%
for Vietnamese, 13.6% for Filipinos, 15.3% for Koreans, and
18.8% for Japanese [4]. Disaggregated data also indicate that
Pecific Islanders have smoking rates of 21.5% for males and
18.4% for females compared with respective averages for the
general population of 15.7% and 12.8% [5].

One promising assessment technique that may lead to an
improved understanding of the factorsthat contribute to tobacco
useamong this population is Ecological Momentary Assessment
(EMA). Prior tobacco use research has demonstrated that EM A
can generate novel insightsfor future research and interventions
[6-26]. Unfortunately, conducting technology-based research
among Pacific | slandersinvolves numerous challenges. Factors
that have hindered past research effortsinclude Pacific Idanders

broad geographic dispersion and their distrust of academic
researchers who often fail to employ culturally-tailored
methodologies [27,28]. The aobjective of the current feasibility
study was to overcome these barriers by developing a
customized EMA system that facilitated high survey completion
rates and fostered new insights into the factors that contribute
to cigarette use in this at-risk population.

Developing an EM A System for Pacific | slanders

EMA is a technique that involves the repeated sampling of
participants’ behaviorsand experiencesin real timewithintheir

http://mhealth.jmir.org/2016/1/e2/

natural environment [6]. EMA has been used for more than
twenty years to measure such behaviors as smoking
[6-26,29,30], exercise [31-37], diet [38-42], substance use
[43-50], and health information seeking [51]. Historically, these
studies have been conducted using electronic diaries
[7,9,13-21,24,30,34,39,40,52] that often facilitate survey
completion rates greater than 85% [7,13,14,17] but also require
extensive in-person training [40,52]. More recently, researchers
have reduced respondent burden by utilizing mobile phone apps
[53]. However, these programs are often restricted to specific
operating systems [11,25,26,31,35,36,50] and are not aways
programmed to facilitate real-time, remote monitoring of
participant responses [31,35,36,50]. Such barriers can be
overcome through text messaging [8,44,51,54-56] which is not
linked to a specific operating system and typically has higher
completion rates. The drawback is that text messaging uses an
open-ended format that permits nonstandard responsesthat can
require extensive, time-consuming data cleaning [54]. Another
aternative is to employ Internet-based Cell phone-optimized
Assessment Techniques (ICAT) to administer online surveys
through the Internet browser of Web-enabled mobile phones.
This technique is becoming increasingly popular, yet many
studies that utilize this approach fail to achieve survey
compl etion rates above 55% [10,29,57]. Moreover, recent ICAT
studies of tobacco use [10,12,29] have not capitalized on the
unique features offered by this approach, including the ability
to use participant responses from earlier in the day to generate
tailored survey questions.

In 2011, the Weaving an Idlander Network for Cancer
Awareness, Research, and Training (WINCART) Center set
out to create a customized EMA system that integrated the
ubiquity of text messaging, the ease of use associated with
mobile phone apps, the enhanced functionality offered by ICAT
systems, and the high survey completion rates exhibited by
EMA studies that utilized electronic diaries. The WINCART
Center is a community-based participatory research [58]
consortium that endeavors to reduce cancer health disparities
among Pacific Islanders [59] throughout Southern California
(see Figure 1). Over a period of severa months, members of
the consortium collaboratively developed a culturally-tailored
system. A feasibility study was then conducted to determine
whether young, adult Pacific Islander smokers would be able
to effectively utilize the system and whether the resulting data
would offer new insights into the intrapersonal, social, and
ecological factors associated with cigarette use.
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Figure 1. Geographic distribution of Pacific Islanders in Southern California.
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Methods

Participants

Using strategies employed in prior studies [60], 5
community-based organizations recruited 208 young adultswho
self-identified as Chamorro, Marshallese, Native Hawaiian,
Samoan, Tongan, or other Pacific Islander. A 12-item screening
survey administered in person or over the phone was used to
select 61 current smokerswho (a) were between 18 and 29 years
old, (b) resided in Southern California, and (c) had smoked at
least 100 cigarettesin their lifetime. Trained research staff met
with each participant at amutually agreed-upon location. During
this meeting, written consent was obtained using a protocol
approved by the Ingtitutional Review Boards at Claremont
Graduate University and California State University, Fullerton.
The participant compl eted a computer-based questionnaire that
assessed their demographi ¢ characteristics, tobacco use behavior,
and nicotine dependence[61-63]. Research staff also conducted

http://mhealth.jmir.org/2016/1/e2/

a brief, oneto-one semi-structured interview about the
intrapersonal, social, and ecological factors that influenced the
participant’s cigarette use. Data from both assessments were
used to develop a series of EMA measures for the feasibility
study.

Dueto the potentia burden placed on community coachestasked
with ensuring EMA survey completion during the 7-day
feasibility study, the members of the WINCART Center voted
to restrict enrollment to 20 participants (see Table 1). These
participants were selected to parallel the larger samplein terms
of gender, age, tobacco use, and geographic distribution. Of
these participants, 60% (12/20) were male. Over half (55%,
11/20) of the participants reported smoking more than 10
cigarettes per day. A mid-point recoding strategy (i.e. O for the
response “did not smoke,” 0.5 cigarettes for the response “less
than 1 cigarette,” 3.5 cigarettesfor the response “ 2-5 cigarettes,”
etc) was applied to estimate that an average of 11.8 cigarettes
(SD 5.75) were smoked per day per participant.
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Table 1. Descriptive statistics for demographics and tobacco use from 20 participants.
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General characteristics Male Female
N (%) N (%)
Ethnic identification
Chamorro 2(16.7) 0(0)
Native Hawaiian 1(8.3) 0(0)
Marshallese 0(0) 0(0)
Samoan 5(41.7) 2(25)
Tongan 4(33.3) 5(62.5)
Other Pacific Islander 0(0) 1(125)
Age
18-20 1(11.2) 0(0)
21-23 2(222) 1(16.7)
24-26 2(22.2) 2(33.3)
27-30 4 (44.4) 3(50)
Education
Less than high school 0(0) 0(0)
High school or GED 8(72.7) 4 (50)
Some college/trade school 1(9.1) 3(37.5)
2-year college 1(9.0) 1(125)
4-year college or above 1(9.) 0(0)
Employment status
Employed 7(58.3) 4(57.1)
Unemployed 5(41.7) 3(42.9)
Days smoked in past 30 days
0 days 0(0) 0(9
1or2days 0(0) 0(0)
3to 5 days 1(9.1) 1(12.5)
6to 9 days 0(0) 0(0)
10to 19 days 0(0) 0(0)
20to 29 days 3(27.3) 1(12.5)
All 30 days 7 (63.6) 6 (75)
Cigarettes smoked per day
Lessthan 1 cig 0(0) 0(0)
1lcig 0(0) 0(0)
2-5cig 3(25) 2(25)
6-10 cig 2(16.7) 2(25)
11-20cig 5(41.7) 4 (50)
More than 20 cig 2(16.7) 0(0)
FTND nicotine dependence score
Low (<=5) 12 (60) 8 (40)
High (>=6) 0(0) 0(0)
Lifetime use of alternative tobacco products
Hookah 8(72.7) 6 (75)
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General characteristics Mae Female
N (%) N (%)
Cigars 8(72.7) 4 (50)
Pipe 4(36.4) 1(125)
Smokeless (chew, betel nut, etc.) 4(36.4) 1(125)
Cloves 3(27.3) 0(0)
Bidis 1(9.1) 1(12.5)
Kreteks 0(0) 0(0)
Other 0(0) 1(125)
None of the above 2(18.2) 1(12.5)

Procedures

Each of the twenty participants enrolled in the EMA study
attended a one-on-one, follow-up appointment at which the
customized system was presented. Surveys were initiated by
sending a text message to the participant. This text message
contained a link to a secure SQL Server hosting a real-time,
Web-based survey system formatted to work on any
Web-enabled maobile phone (see Figure 2) as well as any
Web-enabled tablet or computer. Participants accessed the
system with asalf-created username and password. After logging
in, the system recognized the participant, recalled the responses
entered earlier in the day, and presented atailored survey.

The Web-based survey was programmed so that if a participant
did not complete thefirst question within 15 minutes of thefirst
text message being sent another text message was delivered.
This process was repeated every 15 minutes for up to one hour
(see Figure 3). The system then waited an hour beforeinitiating
the next survey. If the participant failed to begin a survey after
ten text messages, an automated email was sent to acommunity
coach who contacted the participant by phone and reminded the
individual to complete the survey. This reminder process was

http://mhealth.jmir.org/2016/1/e2/

explained to the participant through 8 one-minute, animated
videos (see Multimedia Appendices 1-8). These videos used
Pacific Idlander characters to demonstrate key concepts and
were posted online [64] so that the participant could review the
materials remotely throughout the study.

After watching the animated videos, the participant selected six
consecutive two-hour time blocks during which they would be
willing to receive automated text messages each day. Thesetext
messages were delivered on even-numbered hours (2:00 PM,
4:00 PM, 6:00 PM, etc.) and asked the participant to report their
cigarette use since the last time a survey was completed. Text
messages were delivered to a\Web-enabled mobile phone either
owned by the participant or provided to the participant for the
duration of the study. The videos informed the participant that
6 surveys would be administered each day for a period of 9
days. The first 2 days were designed to help the participant
acclimateto the process of completing the surveysand to resolve
any technical problems encountered. The 7 days after that were
the critical test days. At the end of this 9-day period, research
staff provided each participant with a US $75 gift card to
compensate them for their time and travel.
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Figure 2. Web-based survey formatted for Web-enabled mobile phones, tablets, and computers.

Now, please think about the last
time you smoked.

How much were you craving a cigarette?

A lot
Somewhat
A little

Not at all

M easures

Items for the EMA survey were developed based on data
gathered from the computer-based questionnaire and the
semi-structured interview. The EMA survey included measures
of cigarette use, craving, location, social environment, mood,
and rationa e for deciding whether or not to smoke. Theresulting
items were then refined in consultation with the 5
community-based organizations. This processresulted initems
that, while unconventional when compared to traditional EMA
studies, were more appropriate for the Pacific Idlander
community.

Participants initially responded to a single question inquiring
if they had smoked since the last time they entered a response
that day. If they had smoked, the survey asked the number of
cigarettes they had (“How many cigarettes have you had since
{time of last entered response} ?’). This question was designed
so that all responses in a single day could be tabulated and
compared to self-report measures of daily cigarette use. The
question also facilitated the analytic approach which focused
on the average number of cigarettes smoked acrosstime blocks
within each day. A follow-up question determined when the
participant smoked (“When did you smoke?’) utilizing four
response categories (“<30minsago,” “30-60 minsago,” “60-90

http://mhealth.jmir.org/2016/1/e2/

mins ago,” and “90-120 mins ago”). This question did not
ascertain the number of cigarettes smoked in each 30-minute
sub-block but was instead used to gauge how much time had
passed since the last instance in which the participant smoked.
The remaining questions asked the participant to reflect on this
instance (* Now, please think about thelast timeyou smoked...”).

After recalling the last instance in which they smoked, the
participant answered one question about the extent to which
they craved a cigarette beforehand (“How much were you
craving acigarette?’). Responseswere rated on a4-point Likert
scale ranging from “1=Not at al” to “4=A lot” (see Figure 2).
The participant then reported their location (*Wherewereyou?’)
by selecting among the response options “Home,” “Work,”
“School,” “At a restaurant/bar,” “In a car,” “Around church,”
and “Other (Please type in).” The next question asked the
participant to classify their social environment (*Who wereyou
with when you last smoked?’) using the response options
“Alone,” “People who are smoking,” “People who are NOT
smoking,” and “Other (Please type in).” The survey then used
a“Check all that apply” format to assessthe participant’s mood
(“How wereyou feeling?’) using the categories* Happy,” “ Sad,”
“Angry, “Stressed out” “Anxious” “Bored,” “Relaxed,’
“Fine” and " Other (Please type in).” The final question asked
the participant to reflect on why they had chosen to smoke
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(“Why did you smoke?’) and respond using a “Check all that
apply” format comprised of the categories “ Someone offered
me a cig,” “Someone was smoking around me,” “Wanted a
cigarette while drinking alcohol,” “Wanted a cigarette while

Figure 3. Example timeline of survey reminders.

2:00 PM — Automated prompt for
2:15 PM — Reminder text message
2:30 PM - Reminder text message
2:45 PM — Reminder text message
3:00 PM - Reminder text message

4:00 PM — Automated prompt for
4:15 PM — Reminder text message
4:30 PM - Reminder text message
4:45 PM — Reminder text message
5:00 PM — Reminder text message

Analysis

Cigarette use was reported in 534 time blocks. The analysis
focused on the total and average number of cigarettes smoked
during each time block. Repeated assessments of factors
associated with the most recent cigarette consumed were
aggregated by taking the average of these assessments across
time blocks within each day. This produced a two-level
hierarchical analysis dataset with data on each day (i.e. level-1
data) nested within individual participants (i.e. level-2 data).
Multilevel modelswith both fixed and random effectswere then
used to quantify between and within subject variability across
repeated measurement points [16,65,66] .

Variables were created for the associational analysis. These
variablesincluded the total number of cigarettes smoked during
time blocks per day, the proportion of time blocks per day in
which 4 or more cigarettes were smoked, and the proportion of
time blocks per day in which the participant reported an
intrapersonal, social, or ecological factor related to cigarette
use. Multilevel regression models were conducted using SAS
Proc Mixed procedure with the participants’ age, gender, and
ni cotine dependence being adjusted in the analysis as covariates
[67]. Analysisresultswith raw dataare presented and consistent

http://mhealth.jmir.org/2016/1/e2/

RenderX

Pikeet a

drinking coffee” “Wanted a cigarette after eating,” “To eat
less” “To relax or calm down,” “Have a good time/celebrate,”
“To concentrate/focus,” and “ Other (Please typein).”

first survey

second survey

6:00 PM — Automated email prompting contact from a community coach

parameter estimates were obtained with multiple imputation
analysisfrom SAS PROC M| and MIANALY ZE [68].

Results

Survey Completion and Reported Cigarette Use

Surveys in which the participant failed to respond to all
guestions within two hours of the first text message prompt
were classified as missed. In total, 20 participants completed
720 surveysfrom 840 prompted survey time blocks, representing
aprompt-based survey completion rate of 86%. Nineteen (95%)
participants completed all surveyson thefirst five days. Sixteen
(80%) participants completed all surveys on the sixth day and
fifteen (75%) participants completed all surveys on the seventh
day. Participants reported smoking in 535 (74%) of the 720
two-hour time blocks with completed surveys. The averagetotal
number of cigarettes smoked per day was 13.96 (SD 9.19) which
is 18.3% higher than the recoded estimates reported in the
computer-based questionnaire.

Factors Associated With Cigarette Use

For each time block in which smoking was reported, participants
had an average of 3.07 cigarettes (SD 1.44). Home was the most
common smoking location and attempting to relax wasthe most
commonly cited reason for choosing to smoke (see Table 2).
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Table 2. Proportions of responses per day during time blocks in which smoking was reported.

Question Response option Mean of proportion (SD)

Where wereyou?
At home 0.61 (0.37)
Inacar 0.20 (0.28)
At work 0.13(0.28)
Around church 0.07 (0.23)
At restaurant/bar 0.05 (0.12)
At school 0.01 (0.07)

Who were you with when you last

smoked?
Alone 0.54 (0.35)
With people who are not smoking 0.41 (0.36)
With people who are smoking 0.23(0.29)

How were you fegling?
Fine 0.51(0.39)
Relaxed 0.37(0.37)
Happy 0.18 (0.30)
Stressed out 0.16 (0.32)
Bored 0.10 (0.17)
Anxious 0.09 (0.20)
Angry 0.03(0.13)
Sad 0.02 (0.11)

Why did you smoke?
To relax or calm down 0.55 (0.35)
Wanted a cigarette after eating 0.26 (0.29)
Someone was smoking around me 0.15 (0.26)
Someone offered me acig 0.11 (0.25)
To concentrate/focus 0.11 (0.24)
Have a good time/celebrate 0.09 (0.20)
Wanted a cigarette while drinking alcohol 0.05 (0.14)
Wanted a cigarette while drinking coffee 0.03 (0.09)
To eat less 0.03 (0.10)

After adjusting for gender, age, and nicotine dependence,
analysesindicated that a one scoreincrease of craving resulted
in 3.8 more cigarettes smoked per day on average (P<.001). In
addition, feeling happy (P<.001) or wanting a cigarette while
drinking alcohol (P<.001) (see Table 3) were positively
associated with the total number of cigarettes smoked during
time blocks. Being at home (P=.02) or being around people
who are not smoking (P= .01) were negatively associated with
thetotal number of cigarettes smoked during time blocks. These

http://mhealth.jmir.org/2016/1/e2/

associations persisted when participants reported smoking 4 or
more cigarettes (see Table 4). Several other associations were
also identified when the proportion of time blocks per day in
which 4 or more cigarettes were smoked was used as the
outcomevariableintheanalysis. Positive associationsincluded
feeling angry (P=.05) and wanting a cigarette while drinking
coffee (P=.01). Negative associations included feeling bored
(P=.02) and wanting to eat less (P=.02).
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Table 3. Associations with total number of cigarettes smoked per day.

Question Response option B SE P

Where wereyou?
At home -0.72 0.31 .02
Inacar -0.02 0.42 .96
At work 0.49 0.44 27
Around church 0.79 0.85 .36
At restaurant/bar 0.17 0.71 .82
At school 151 1.16 .20

Who were you with when you last smoked?

Alone 0.54 0.29 .06
With people who are not smoking -0.76 0.28 .01
With people who are smoking 0.65 0.35 .07
How were you fegling?
Fine 0.31 0.29 .30
Relaxed 0.19 0.37 .60
Happy 141 0.37 <.001
Stressed out 0.13 0.43 .76
Bored -0.85 0.54 12
Anxious 0.9 0.55 A1
Angry 0.88 0.71 22
Sad 0.03 0.84 97
Why did you smoke?
To relax or calm down 0.41 0.32 22
Wanted a cigarette after eating 0.26 0.39 .50
Someone was smoking around me 0.15 0.43 72
Someone offered me acig 0.72 0.47 13
To concentrate/focus -0.52 0.53 .33
Have a good time/celebrate 0.46 0.55 41
Wanted a cigarette while drinking alcohol 231 0.63 <.001
Wanted a cigarette while drinking coffee 185 1.08 .09
To ezt less -1.32 1.25 .29
http://mhealth.jmir.org/2016/1/e2/ JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e2 | p.12
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Table 4. Associations with proportion of time blocks per day with four or more cigarettes.

Question Response option B SE P

Where wereyou?
At home -0.19 0.08 .02
Inacar 0.06 0.11 .59
At work 0.09 0.11 40
Around church 0.07 0.20 74
At restaurant/bar 0.00 0.19 .99
At school 0.91 0.29 .003

Who were you with when you last

smoked?
Alone 0.09 0.07 .23
With people who are not smoking -0.17 0.07 .03
With people who are smoking 0.17 0.09 .06

How were you fegling?
Fine 0.01 0.08 .92
Relaxed 0.08 0.09 42
Happy 0.29 0.10 .003
Stressed out 0.14 011 19
Bored -0.32 0.14 .02
Anxious 0.24 0.14 .10
Angry 0.37 0.18 .05
Sad -0.01 0.22 .95

Why did you smoke?
To relax or calm down 0.09 0.08 .28
Wanted a cigarette after eating 0.12 0.10 .23
Someone was smoking around me -0.04 0.11 75
Someone offered me acig 0.09 0.12 44
To concentrate/focus -0.21 0.14 a2
Have agood time/celebrate 0.19 0.14 19
Wanted a cigarette while drinking alcohol 0.38 0.17 .03
Wanted a cigarette while drinking coffee 0.77 0.27 .01
To eat less -0.73 0.31 .02

Discussion

Implicationsfor Future Research and Interventions

This is the first study, of which we are aware, in which a
customized EMA system assessed factors associated with
tobacco use among young, adult Pacific Islanders. Prior EMA
studies of tobacco use that utilized electronic diaries reported
prompt-based survey completion rates of 65% [15], 68% [30],
75% [9], 88% [17], 89% [14], 90% [7], and 91% [13]. ICAT
studies that relied upon the use of Web-based surveys
administered through mobile phones reported prompt-based
survey completion rates of 50% [29], 52% [57], 55% [ 10], 69%
[42], and 83% [12]. The survey completion rate of the current
study was 86% (720/840), suggesting that young, adult Pacific

http://mhealth.jmir.org/2016/1/e2/
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Islanders were able to effectively use the customized EMA
system and that thisform of assessment holds promisefor future
research. The survey completion rate al so indicates that remotely
accessible standardized training videos (see Multimedia
Appendices 1-8) may serve as a reasonable alternative to
extensive in-person training and technical support—especially
for populations spread out over alarge geographic region.

Prior research has suggested that while EMA measures
sometimes mirror the results of recall measuresthey often gather
data with less noise and greater sensitivity [6]. The assessment
of daily cigarette use provides additional evidence to support
thisconclusion. Self-report measures administered at the outset
of the study indicated that each participant smoked an average
of 11.8 (SD 5.75) cigarettes per day. In contrast, the EMA
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system cataloged an average of 13.96 (SD 9.19) cigarettes
smoked per day. The health implications of this are notable in
that they translate to an estimated 769 additional cigarettes, or
approximately 38.5 packs, per year per participant.

An analysis of the EMA data also offers new insight into the
intrapersonal, social, and ecological factors associated with
cigarette use among young, adult Pacific Islanders. Previous
studies have identified the home as a place where smoking
frequently occurs[13]. Yet, thefact that Pacific ISandersin the
current study smoke fewer cigarettes than average at home
suggests that this location could serve as a constructive
environment for practicing smoking cessation techniques. Past
EMA research has a so highlighted how smokersare morelikely
to have a cigarette when in the presence of other smokers
[11-15]. However, the protective influence of nonsmokers on
Pacific Islander tobacco use suggeststhat such individual s may
function asadeterrent that can berelied uponin socia situations
where smoking is prevalent. Future smoking cessation
interventions tailored for Pacific Islanders may choose to test
these concepts by providing educational materialsthat promote
the use of nonsmoking socia networkswhen attempting to quit
using tobacco products.

A technological innovation within the current study, the creation
of taillored survey questions based on participant responses
entered earlier in the day, hints a new opportunities for
additional research. Future studies may choose to capitalize on
thisfeature by administering brief, tailored surveysto multiple,
linked individuals within the Pacific Islander community each
time one individua reports smoking behavior in a prior
assessment. Such investigations may lead to an improved
understanding of friend and familial perceptions of Pacific
Islander tobacco use, which previous research has suggested is
highly relevant in explaining both past and current smoking
among Native Hawaiian youth [69].

The correlation between increased tobacco craving and increased
cigarette use parallels previousfindingsthat cravings precipitate
smoking [9] and that higher levels of craving at one time point
within a day tend to produce more smoking at the next time
point [8]. Similarly, other studies have identified significant
positive associations between al cohol consumption and tobacco
use [52] and coffee consumption and tobacco use [13]. These
similarities suggest that components of existing evidence-based
interventions that address these factors may be highly effective
for young, adult Pacific Ilanders. Theresultsfor mood are more
ambiguous. Some studies suggest negative affect is predictive
of smoking [8,15] while othersfind no prospective relationship
with either positive or negative affect [13,14]. Unfortunately,
the measure utilized in the current study does not delineate
whether the mood indicated preceded cigarette use or was a
direct outcome of it. The correlation between tobacco use and
happiness may therefore be the participant experiencing higher
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positive affect before or after smoking [16]. The inconclusive
nature of this finding exposes the need for additional research
within this population.

Limitations

There are severa limitations to the current study. Perhaps the
most relevant is the small sample size and homogeneity of the
participants. Specifically, the generalizability of the sample to
other Pacific Ilander communities may be limited by the fact
that all participants wereidentified via nonprobability sampling.
Moreover, key subgroups, including female Chamorros, Native
Hawaiians, and Marshallese, were not represented nor were
Pacific Islanders over the age of thirty. The small sample size
also prohibited analytic techniquesthat have generated valuable
insightsin prior EMA research. Examplesinclude explorations
of how situational and mood factors differ between light and
heavy smokers [12] and analyses that reveal situational
covariates that influence smoking patterns [17].

Another limitation within the current study is the focus on
regular cigarettes. With the advent of electronic cigarettes, as
well asthe common usage of alternative forms of tobacco within
the Pacific Idander community [4], the range of behavior
measured by future tobacco use studies may need to be
broadened. Within the current sample, lifetime hookah use was
reported at 73% for males (8/11) and 75% (6/8) for females (see
Table 1). Thisis significantly greater than the averages for the
general population of 42% for current male smokers and 23%
for current female smokers[5] and suggeststhat future research
should explore the different factorsthat may be associated with
the use of aternative tobacco products.

An additional limitation is that al surveys were initiated on
even-numbered hours and only assessed factors associated with
the most recent cigarette smoked. Future studies should consider
initiating surveys at random intervals within time blocks to
avoid potential time-based covariates. Such methods will help
clarify the causal relationship between cigarette use and the
factors associated with it. Nevertheless, future interventions
may still consider applying the current findings even if their
causal relationship remains unclear [70,71].

Conclusions

This feasibility study provides new insights on factors that
contribute to cigarette use among young, adult Pacific |slanders.
It suggests new directions for conducting advanced,
technology-based research aimed at understanding tobacco use
within the Pacific Idander community and offers new
possihilitiesfor crafting culturally-tailored interventions, which
past research has demonstrated is often more effective within
thispopulation [ 72]. Given the disproportionately high smoking
rates among Pacific Islanders [5], these types of research and
intervention efforts are sorely needed to address the health
disparities evident within this population.

This research was supported by the Weaving an Islander Network for Cancer Awareness, Research, and Training (WINCART)
Center funded by Grant Number U54CA 153458 from the National Cancer Institute (NCI), Center to Reduce Cancer Health
Disparities (CRCHD). The authors thank the directors, community and academic researchers, and project staff at the Guam

http://mhealth.jmir.org/2016/1/e2/

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e2 | p.14
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Pikeet a

Communications Network, Pacific | lander Health Partnership, Samoan National Nurses Association, Tongan Community Service
Center/Special Servicesfor Groups, Union of Pan Asian Communities, Orange County Asian Pacific Idander Community Alliance,
Orange County Health Care Agency, California State University, Fullerton, St. Joseph Hospital of Orange, University of Southern
Cdlifornia, and Claremont Graduate University for their contributions. The contents are solely the responsibility of the authors
and do not necessarily represent the official views of the NCI CRCHD.

Authors Contributions

JRP and BX conceived and drafted the manuscript. BX performed the analyses with support from NT and MAR. NT, MDS, AO,
TT, SC, VM, CL, VKP, MAR, DESV, JTL, SPT, and PHP edited the manuscript for content. All authors reviewed and approved
the final version of the manuscript.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Introduction to the ecological momentary assessment study.

[MQV File, 22MB - mhealth v4ile2_appl.mov ]

Multimedia Appendix 2
Using an iPhone.

[MOV File, 55MB - mhealth_v4ile2_app2.mov |

Multimedia Appendix 3
Accessing a Web-based survey with an iPhone.

[MQV File, 30MB - mhealth v4ile2_app3.mov ]

Multimedia Appendix 4
Completing a Web-based survey with an iPhone.

[MOV File, 46MB - mhealth_v4ile2_app4.mov ]

Multimedia Appendix 5
Accessing a Web-based survey after receiving atext message.

[MOV File, 20MB - mhealth_v4ile2_app5.mov ]

Multimedia Appendix 6
Selecting times to receive text message survey reminders.

[MQV File, 19MB - mhealth v4ile2_app6.mov ]

Multimedia Appendix 7
Receiving text message survey reminders.

[MOV File, 38MB - mhealth v4ile2_app7.mov ]

Multimedia Appendix 8
Contacting technical support.

[MQV File, 16MB - mhealth v4ile2_app8.mov ]
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Abstract

Background: The use of mHealth methods for capturing illicit drug use and associated behaviors have become more widely
used in research settings, yet there islittle research asto how valid these methods are compared to known measures of capturing
and quantifying drug use.

Objective:  We examined the concordance of ecological momentary assessment (EMA) of drug use to previously validated
biological and audio-computer assisted self-interview (ACASI) methods.

Methods: The Exposure Assessment in Current Time (EXACT) study utilized EMA methods to assess drug use in real-time
in participants’ natural environments. Utilizing mobile devices, participants self-reported each time they used heroin or cocaine
over a4-week period. Each week, PharmChek sweat patch samples were collected for measurement of heroin and cocaine and
participants answered an ACASI-based questionnaire to report behaviors and drug using events during the prior week. Reports
of cocaine and heroin use captured through EMA were compared to weekly biological or self-report measures through percent
agreement and concordance correlation coefficients to account for repeated measures. Correlates of discordance were obtained
from logistic regression models.

Results: A total of 109 participants were a median of 48.5 years old, 90% African American, and 52% male. During 436
person-weeks of observation, we recorded 212 (49%) cocaine and 103 (24%) heroin sweat patches, 192 (44%) cocaine and 161
(37%) heroin ACASI surveys, and 163 (37%) cocaine and 145 (33%) heroin EMA reports. The percent agreement between EMA
and sweat patch methods was 70% for cocaine use and 72% for heroin use, while the percent agreement between EMA and
ACASI methods was 77% for cocaine use and 79% for heroin use. Misreporting of drug use by EMA compared to sweat patch
and ACASI methods were different by illicit drug type.

Conclusions: Our work demonstrates moderate to good agreement of EMA to biological and standard self-report methods in
capturing illicit drug use. Limitations occur with each method and accuracy may differ by type of illicit drugs used.

(JMIR mHealth uHealth 2016;4(1):€27) doi:10.2196/mhealth.4470
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Introduction

The detection of biochemical markers of illicit drugs in
biological samples of hair, urine, sweat, or blood is considered
the gold standard for assessing illicit drug use and is widely
used in drug treatment and employment drug testing settings
[1]. The utility of these methods lies in their ability to detect
metabolites of illicit drugs used within a specific window of
time that varies depending on the biological specimen. Despite
being the gold standard for the assessment of drug use,
biological samplesare often difficult to collect in thefield, may
be cost prohibitive, and can require greater participant
engagement (eg, frequent urine screens at atreatment facility).
Additionally, biologic samples typicaly only assess whether
anindividua has used drugs rather than quantifying how much
and how often the drug was consumed [2,3].

In epidemiological studies, the most feasible method of assessing
illicit drug useis self-report, which is recounted over extended
periods of recall (eg, 6to 12 months or longer) [4-7]. The benefit
of self-report includes the ease of use, convenience, and low
cost. However, whether assessed via study interviewer or
audio-computer assisted self-interview (ACASI), these methods
may involverecall, response, or social desirability biases[8,9].
Additionally, these methods require participantsto return to the
clinic or study site at regular intervals, which not only requires
participants to have reliable transportation options but also
disrupts their daily routines. Despite these potential issues,
assessment of illicit drug use through self-report has been
repeatedly shown to be avalid and reliable measure of drug use
[3,10-12].

Yet, self-report and biological testing methods of capturing drug
use lack the ability to assess real-time drug use, miss varying
periods of intense or intermittent drug use, and cannot ascertain
the proximate context of an individual’s drug using experience
[13]. Ecological momentary assessment (EMA) is a mobile
health (mHealth) method that is capable of collecting
participant-level data in real time over notably shorter time
intervals.

Mobile devicesthat employ mHealth strategies (eg, smartphones
or other handheld devices) can utilize EMA methodsfor remote
data collection and monitoring as well as health education and
intervention [14]. EMA methods have been utilized in smoking
cession studies [15-21] and among methadone-maintained
outpatient drug users [22-26] but have yet to be validated as a
reliable method for ng drug use. By capturing drug-using
events in rea-time, outside of the study clinic and in a
participant’s natural settings, a more robust, vibrant, and
comprehensible understanding of drug use can be generated
beyond periodic biological detection or infrequent self-reports
of drug use.

Prior studies have examined concordance between the
assessment of drug use by biological measures and self-report
[27-29]. The aim of the current study was to investigate the
concordance of assessing drug useviaEMA methods compared
to biological (eg, sweat patch) and ACASI methods.
Additionally, we identified correlates of discordance and
examined the feasibility, strengths, and weaknesses of these

http://mhealth.jmir.org/2016/1/e27/
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methods in assessing drug use among a community sample of
drug usersin Baltimore, Maryland.

Methods

EXACT Study Participants

Exposure Assessment in Current Time (EXACT) study
participants were recruited from the AIDS Linked to the
IntravVenous Experience (ALIVE) study, an on-going,
community-recruited, observational cohort of people with a
history of injecting drugs in Baltimore, Maryland [7]. The
ALIVE cohort is community-based, rather than clinic-based,
and thereby avoids selection bias toward people seeking or
accessing health care. Details of the EXACT study have been
previously described [30,31] and included 4 successive trias
conducted from November 2008 through May 2013. Each trial
was planned to follow 30 participants for 30 days.

Eligibility criteria for the EXACT study included current
enrollment in ALIVE and the ability to understand and follow
directions on apersond digital assistant (PDA) or mobile phone.
Convenience sampling was utilized to identify individuals for
participation in EXACT. The specific inclusion criteria
regarding drug useand HIV statuswere varied dightly to ensure
adiverse overall sample; both injection and noninjection drug
users were included. Individuals were excluded if they had any
medical conditionsthat would prevent them from operating the
handheld device (eg, vision impairment) or failed to attend the
screening appointment where they were trained on device use.

For Trials 1-3, participants were provided with aPalm Z22 PDA
running applications developed using Satellite Forms software.
All PDA programs were disabled except for study-required
applications. In Tria 4, participants were provided with a
Motorola Droid X2 Android mobile phone running an
application developed using the electronic MObile
Comprehensive Health Application platform, which was created
at Johns Hopkins School of Medicine [32].

The Johns Hopkins Bloomberg School of Public Health
Institutional Review Board approved the study protocol. All
participants provided written informed consent. Participants
wereinformed that involvement (or noninvolvement) in EXACT
would not affect their participation in ALIVE.

EMA Data Collection

For 30 days of observation, participants were asked to
self-initiate a survey on their handheld device and self-report
each time they either used heroin or cocaine (or both) in any
manner (ie, smoked, snorted, or injected). For each event,
participants answered questions concerning their drug use,
mood, and social, physical, and activity environment, using
survey instruments adapted from previousEMA studies[22-26].
To ensure responses were recorded in real-time, participants
were required to indicate that drug use had occurred within 30
minutes of completing this survey. The device also delivered
an end-of-day (around 9 pm) survey that asked if there was any
drug use that was not reported earlier in the day. The surveys
were designed to be completed in less than 3 minutes.
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Sweat Patches

PharmChek Drugs of Abuse Patcheswere collected weekly for
the assessment of heroin or cocaine use. These patches detect
traces of cocaine or heroin secreted in sweat during the period
it is worn. Drugs captured via PharmChek sweat patches
represent “ parent” drugs (ie, same chemical compound that was
taken by the drug user) and drug metabolites (ie, breakdown
products of the parent drug) excreted through sweat. The patch
can be worn for up to 10 days and is able to capture any drug
use that occurred during the period of wear aswell as 24 hours
prior to patch application [33]. To ensure the patch stayed in
place, an additional overlay made of the same adhesive material
was worn atop the sweat patch. Once removed, patches were
sent toacommercial laboratory for drug evaluation. Specimens
wereinitially screened using an enzymeimmunoassay technique
with positive patches undergoing confirmation using liquid
chromatography/mass spectrometry/mass spectrometry [33].

Cocaine predominates in sweat after cocaine use, however, the
most common metabolite of cocaine is benzoylecgonine (BZ).
A positive sweat patch result for cocaine use is confirmed by
the presence of both BZ and cocaine at or above the limit of
detection of 10 ng/mg. Topical analgesics, such aslidocaine or
novocain, contain BZ and are used in various surgical
procedures, however cocaine is structurally unique and does
not resemble any of these products[33].

Opiate metabolites detectable by sweat patch include heroin,
6-monoacetylmorphine (6-MAM), codeine, and morphine. The
presence of 6-MAM can only come from the use of heroin. A
positive sweat patch for heroin includes the presence of the
parent drug (heroin) and morphine above the limit of detection
of 10 ng/ml, 6-MAM and morphine abovethelimit of detection
of 10 ng/ml, or 6-MAM aone above the limit of detection of
10 ng/ml. The presence of morphine alone may be due to the
use of other opiate-containing legal medi cations (eg, oxycodone,
hydrocodone) or the consumption of certain foods (eg, poppy
seeds). Therefore, the presence of morphine alone does not
indicate a positive sweat patch for heroin [33].

Self-Report by ACASI

Participant baseline characteristics were obtained from ACAS
completed at enrollment into EXACT and/or from the prior
ALIVE study visit. Additionally, at the conclusion of each study
week, participants returned to the study siteto answer an ACAS
that included questions concerning activities, behavior, and drug
use frequency during the prior week. In addition to
sociodemographic variables (eg, age, sex, race, education,
marital status, employment, income, homelessness, and health
insurance status), baseline data collection included self-reported
alcohal, tobacco, and illicit drug use; an index of drug abuse
(Drug Abuse Screening Test (DAST)) [34]; and depressive
symptoms (Center for Epidemiologic Studies-Depression Scale
(CES-D)) in the prior 6 months [35]. Clinical characteristics
(eg, HIV/antiretroviral therapy status, CD4 T-cell count, HIV
RNA levels, and hepatitis B and C status) were obtained from
the existing ALIVE database.

http://mhealth.jmir.org/2016/1/e27/
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Data Analysis

Data from all 4 trials were aggregated and analyzed together.
To ensure accurate comparisons between each method of
capturing drug use, al analyses were assessed by week (this
was hecessary as the ACASI and sweat patch data were only
collected weekly). The day during which the sweat patch was
placed on the participant’s arm and when the handheld device
was provided represented the start of the study week 1. Seven
days later, when the ACASI was completed, marked the end of
the week. At this time, the sweat patch was removed and
replaced with anew patch. This process was repeated for al 4
weeks of the study. Drug use reported by ACASI and sweat
patch indicated use or no use within the prior week.

Real-time heroin or cocaine use, reported viathe EMA entries
or the end-of-day survey were summed by day and week for
each participant. For analysis, an individual was considered to
have used drugs if at least 1 report of drug use (eg, heroin or
cocaine use by any manner) was reported in real-time within a
given study week. Heroin-only and cocaine-only reports
incorporated any reports of heroin or cocaine use (including
those jointly used with another drug).

Because the sweat patch was able to capture drug use that
included the 24 hours prior to adhesion, the EMA week was
offset by 1 day to ensure concurrent periods of time were
evaluated when comparing the methods. There was no
adjustment for time for comparisons between EMA- and
ACASl-assessed drug use.

To examine the concordance of drug use reported by EMA to
sweat patch or to ACASI methods, percent agreement and
concordance correlation coefficients were calculated. The
concordance correlation coefficient is ameasure of the level of
agreement that takes into account the agreement occurring by
chance for repeated measures (much like the kappa statistic is
for categorical variables measured at 1 point) [36]. Using the
same scal e for kappavaluesfor comparing categorical variables,
concordance correlation coefficients of less than 0.2 are
considered poor; 0.21-0.40 fair; 0.41-0.60 moderate; 0.61-0.80
good; and 0.81-1.00 very good [37].

If the number of EMA eventsin any week was greater than the
number of ACASI or sweat patch responses it was considered
EMA overreporting, while EMA underreporting was determined
if the number of EMA reports were fewer than those reported
by sweat paich or ACASI. To determine correlates of
discordance between methods of assessing drug use, logistic
regression model swith generalized estimating equations (GEE)
were examined. GEE methods adjusted for the correlation of
repeated measures within each subject 1D over the 4 weeks of
follow-up. Variables selected for the final multivariable models
were chosen through step-wise logistic regression with inclusion
of significant variables (P<.1) from the univariate analyses. The
different technologies used (eg, PDA vs mobile phone) were
not accounted for analytically because the mobile platforms
were very similar and we had no a priori reason to suspect that
mobile platform typewould in any way influence measurement.
All analyses were performed using Stata rel ease 12 (StataCorp
LB, College Station, Texas).
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Results

Among 109 EXACT participants contributing 436 weeks of

observation (Table 1), the median age was 485 years

Table 1. Baseline characteristics of EXACT participants by trial®.

Linaset al

(interquartilerange (1QR) 43-53 years), 98 (90%) were African
American, 58 (52%) were male, and 64 (59%) were HIV
infected. In the 6 months prior to baseline assessment, 23% of
participants reported recent methadone treatment and 83%
reported smoking cigarettes.

Type of Variable Characteristics All Trials (N=109)
n (%)
Sociodemographic Median age, y (IQR) 48.5 (43.3-52.9)
African American 98 (90)
Mae 58 (52)
Completed high school 44 (41)
Never married 66 (61)
Annual income < $5000 83 (78)
Medical insurance 93 (85)
Homeless 9(8)
Substance Use Cigarettes 91 (83)
Alcohol 71 (65)
Marijuana 27 (25)
Cocaine, any route 50 (46)
Heroin, any route 49 (46)
Speedball® 25 (24)
Drug Abuse Screening Test, DAST>16 6(18)
Clinica Have primary care doctor 97 (89)
Emergency room visit 28 (26)
Depressive symptoms, CES-D>23 26 (23)
Methadone treatment 26 (23)
Hepatitis C virus seropositive 94 (86)
HIV positive® 64 (59)

Median CD4 (IQR)®

HIV viral load > 500 copies/mL°

Any retrovira therapy

360.5 (239-529)

35 (55)
42(65)

8Al| baseline characteristics represent behavior within the 6 months prior to the start of EXACT.
ba speedball is defined as the simultaneous injection of a mixture of cocaine and heroin.
CHIV-positive status was an inclusion criterion for Trials 3 and 4; CD4 and viral load were tested on HIV-positive participants only.

Comparison of Methodsto Capturelllicit Drug Use

Out of a possible 436 weeks of follow-up (109 individuals
followed for 4 weeks), 12 weeks did not have evaluable EMA
assessments of drug use, resulting in 424 weeks (97%) of
observable data. Over 436 weeks, 396 (91%) sweat patches
were returned and 410 (94%) ACASI surveys were compl eted.
Missing data was the result of 22 individuals who were unable
toreturn 29 (7%) sweat patchesthat were damaged or removed
prematurely and 12 individuals failing to complete 14 (3%)
ACASI surveys. Reports of drug use by EMA represent any

http://mhealth.jmir.org/2016/1/e27/
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report in aweek and not the number of individuals or the total
amount of usesin aweek.

Total weeks of drug use obtained from swesat patch, ACASI,
and EMA methods are described in Figure 1. Over 436 weeks
of study follow-up, 212 (49%, green bars) sweat patches, 192
(44%, blue bars) ACASI surveys, and 163 (37%, orange bars)
weeks of EMA reports were positive for any cocaine use. For
heroin use, 103 (24%) sweat patches, 161 (37%) ACASI
surveys, and 145 (33%) weeks of EMA reports were captured
over follow-up. Seventy-seven (18%) sweat patches, 117 (27%)
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ACASI surveys, and 96 (22%) weeks of EMA reports captured
both cocaine and heroin use. The proportion of sweat patches
with heroin and cocaine detected remained stable by study week.

For cocaine use, the overall percent agreement between EMA
and sweat patch methodswas 70% (Figure 2a, bluebars) (Table
2) andfor EMA and ACASI methodswas 77% (Figure 2a, green
bars). For heroin use, the percent agreement between EMA and
sweat patch methods (Figure 2b, orange bars) was 72% and for
EMA and ACASI methods (Figure 2b, yellow bars) was 79%.
With heroin or cocaine use, the percent agreement was dlightly
higher between the EMA and ACASI methods compared to
EMA and sweat patch assessments.

Percent agreement does not take into consideration the
agreement between 2 methods solely due to chance. The
concordance correlation coefficient is a measure of inter-rater
reliability that takes into account the agreement occurring by
chance for repeated measures. The concordance correlation
coefficients were dlightly lower for comparisons of drug use
between EMA and sweat patch methods than observed for EMA
and ACASI methods. The concordance correl ation coefficients
for the comparison of EMA and sweat patch methods were in
the moderate agreement range for both cocaine 0.51 (0.48-0.59)

Linaset al

and heroin 0.48 (0.40-0.55) use. The agreement in reports
between EMA and ACASI methods for cocaine use was 0.59
(0.53-0.65) and for heroin use was 0.61 (0.55-0.67), with the
former representing moderate agreement and the latter
representing good agreement. The agreementsin reports between
ACAS| and sweat patch methodswere not as consistent between
heroin and cocaine use. The concordance correl ation coefficient
for the comparison of ACAS| and sweat patch methods for
cocaineusewas0.72 (0.67-0.77), representing good agreement,
while the concordance correlation coefficient for heroin use
was 0.58 (0.51-0.64), representing moderate agreement.

Misreporting of responses by EMA relative to sweat patch and
ACASI methodswere assessed for cocaine and heroin separately
(Table 2). Relative to sweat patch results, underreporting of
drug use by EMA methods was more likely for heroin than
cocaine use (19% vs 9%), but overreporting by EMA methods
was greater for cocaine than heroin use (21% vs 8%).
Misreporting was identified less commonly between EMA and
ACASI methods. Compared to ACASI reports, underreporting
by EMA wasinfrequent and similar for both cocaine and heroin
use (8% vs 9%). Overreporting by EMA relativeto ACASI was
dightly greater for cocaine than heroin use (15% vs 13%).

Figure 1. Reported drug use as assessed by sweat patch (green bars), EMA (orange bars) or ACASI (blue bars) methods.
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Table 2. Percent agreement and over- and underreporting of EMA responses compared to sweat patch and ACASI responses by drug use type?.

Cocaine Heroin
n (%) n (%)
Sweat Patch  Reported yes on EMA/sweat patch negative (overreport) 30 (9%) 70 (19%)
EMA & sweat patch concordant 298 (70%) 307 (72%)
Reported no on EMA/sweat patch positive (underreport) 79 (21%) 28 (8%)
ACASI Reported yes on EMA/ACASI negative (overreport) 29 (8%) 33 (9%)
EMA & ACASI concordant 327 (77%) 335 (79%)
Reported no on EMA/ACASI positive (underreport) 58 (15%) 49 (13%)

33weat patches and ACASI captured both cocaine and heroin use (ie, there is double counting); therefore, numbers do not add up to 100%.
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Figure 2. Percent agreement by drug type and week comparing EMA, sweat patch, and ACASI methods. Panel A: Percent agreement between
EMA/Sweat Patch methods (blue bars) and EMA/ACASI methods (green bars) by week for cocaine use. Panel B: Percent agreement between EMA/Sweat

Patch methods (orange bars) and EMA/ACASI methods (yellow bars) by week for heroin use.

A. Percent agreement for cocaine use between EMA, sweat patch, and
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Correlatesof EMA Misreporting

We sought to identify sociodemographic, behavioral or clinical
factors associated with over- or underreporting of drug use by
EMA. Relative to sweat patch results, there were no significant
correlates of EMA overreporting of cocaine use (Table 3).
Underreports of cocaine use by EMA were amost 2-fold less
likely among females (odds ratio (OR) 0.47, 95% confidence
interval (Cl): 0.23-0.98) and 80% lesslikely among individuals
who reported injecting once per day or more at baseline (OR
0.21, 95% CI: 0.05-0.87). Although only marginally significant,
individuals under 50 years of age were found to be less likely
to underreport cocaine useaswell (OR 0.51, 95% Cl: 0.25-1.07).

EMA overreports of heroin use relative to sweat patches were
twice as likely if heroin was used at baseline (OR 2.10, 95%
Cl: 1.0-4.56), but baseline heroin use was also the only factor

http://mhealth.jmir.org/2016/1/e27/
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significantly associated with EM A underreporting of heroin use
(OR 5.56, 95% CI: 1.37-22.46). Female gender also achieved
marginal significancein being lesslikely to underreport heroin
use viaEMA methods (OR 0.31, 95% CI: 0.08-1.10).

Compared to ACASI methods (Table 3), EMA overreports of
cocaine and heroin use were twice as likely if a participant
reported sharing injection needles at baseline (OR cocaine 2.79,
95% CI: 1.03-7.5; OR heroin 2.96, 95% Cl: 1.17-7.51).
Underreporting of cocaine use by EMA was marginally
associated with being married and was 6-fold more likely if
individuals reported having medical insurance at baseline (OR
6.62, 95% Cl: 1.16-37.76). EMA overreports of heroin usewere
positively associated with baseline heroin use (OR 3.04, 95%
Cl: 1.33-6.95) as well as over 4-fold more likely if the
participant was HIV infected (OR 4.56, 95% CI: 1.80-11.58).
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Table 3. Correlates of misreporting cocaine and heroin use by EMA compared to sweat patch or ACASI methods®

Cocaine EMA overreport

Cocaine EMA underreport

Heroin EMA overreport  Heroin EMA underreport

OR (95% Cl) OR (95% Cl) OR (95% Cl) OR (95% Cl)
Sweat
patch  Female 0.47 (0.23-0.98)° 0.31 (0.08-1.10)°
Age=50 0.52 (0.24-1.14)
Never Married 0.51 (0.25-1.07)° 0.68 (0.21-2.19)
Alcohol Use 1.55 (0.72-3.36)
Insurance 3.15(0.76-13.05)
Any heroin 2.10 (1.0-4.56)° 5.56 (1.37-22.46)"
Any cocaine 1.55 (0.72-3.36) 1.68 (0.79-3.62)
Same doctor for at 0.60 (0.30-1.23)
least 2 years
Inject=1/day 0.21 (0.05-0.87)°
ACASl  Age=50 0.42 (0.17-1.07)°
Never Married 0.47 (0.21-1.02)° 0.53 (0.24-1.18)
Cigarette use 2.73(0.64-11.72) 2.88(0.61-13.57) 2.76 (0.46-16.55)
Alcohol use 1.73 (0.69-4.29)
Insurance 6.62 (1.16-37.76)°
Any heroin 0.77 (0.29-1.99) 3.04 (1.33-6.95)°
Any cocaine 1.78 (0.76-4.20) 1.86 (0.77-4.51) 1.19 (0.53-2.68)
HIV infected 0,52 (0.18-1.5) 4,56 (1.80-11.58)°
Shared needles 2.79 (1.03-7.5)° 2.96 (1.17-7.51)°
P_ri mary carephysi-  0.57 (0.15-2.14)
Clan

Yearly income<$5000

1.69 (0.45-6.34)

8Correlates included in multivariable models had P<.1 in univariate analyses and represent behaviors occurring within the 6 months prior to the start

of EXACT.
bstatistical significance, P<.05.
®Marginal statistical significance, P<.1.

Discussion

Thisanalysis demonstrated moderate to good concordance and
inter-rater reliability of reported drug use by EMA when
compared to either biological measures of sweat patches or
more conventional ACASI self-report methods. However, our
data raised concerns regarding the use of sweat patches as a
gold standard for drug use assessment due to the notably lower
prevalence of heroin use defined by biological detection
compared to the prevalence of heroin use we determined in this
study based on self-reported methods and to the expected
prevalence based on prior data in our ALIVE cohort [7,38].
Even relative to imperfect gold standards, we provide evidence
that researchers should be confident that EMA methods can
accurately capture and characterizeillicit drug use comparable
to currently used methods. Given the relative benefits of daily
real-time assessments of drug usein terms of reductionsin recall
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bias, social desirability bias (reductions in participant need to
please the interviewer), participant burden, and follow-up time,
EMA methods for assessing drug use may have broad
applications in settings ranging from epidemiological studies
to behavioral interventions.

EMA Compared to Sweat Patch Assessment

Biological samples serve asthe gold standard for assessing drug
use because they are ableto capture the biochemical components
of drug use asthe body excretes them. Sweat patches are often
used to detect longer-term drug use and can continuoudly capture
drug metabolites in sweat until the patch is removed. It is
designed to beflexible, waterproof, and safe from environmental
contaminates[39]. However, once the patch comes off the skin,
it cannot be put back on to resume drug use capture. Current
applications of swest patch testing include usein drug treatment
for monitoring drug relapse and for determining the
effectiveness of medical and psychological therapy [40,41].
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Our results suggest moderate concordance between EMA and
sweat patch methods for assessing drug use. Prior studies have
shown substantial discordance between self-report of drug use
and biochemical tests results across out-of -treatment popul ations
[42]. A 10-week outpatient clinical tria in which participants
wore sweat patches and provided urine samples and self-reports
of cocaine use thrice weekly demonstrated the concurrent
validity of urine and sweat patchesto be reasonable (correlation:
0.76, P<.001), but the correlation between self-report and the
patches was lower (correlation: 0.40, P<.05) [43]. A separate
outpatient study examining the utility of sweat testing for
monitoring drug use also found the level of agreement between
positive sweat test results and positive urine results to be 33%
for heroin and 92% for cocaine [40].

The results of our sweat patch analyses demonstrated a notably
greater number of cocaine-positive sweat patches compared to
heroin-positive sweat patches. This finding was unexpected as
our prior analyses with this EXACT population demonstrated
heroin to be the predominant drug of use over 30 days of
follow-up [30]. Additionally, recent estimates indicate that
Baltimore suffers from a far greater public health burden of
heroin abuse compared to cocaine abuse[44] and thisismirrored
in the participants of the ALIVE study [7,38]. Upon consultation
with PharmChek, manufacturers of the sweat patches, it was
suggested this difference may have been the result of our
heroin-using participants using such small amounts of heroin
that, even after aweek of wearing the patch, they did not secrete
enough heroin metabolitesto be detected at the limit of detection
of 10 ng/ml (Matthew Hartley, personal communication).

Although concerns have been raised that sweat patches may
serve as a deterrent to drug use [33], there was no incentive in
this study to modify behavior and our self-reported drug use
data did indicate greater heroin use. To explain our findings,
there would have to be a differential effect resulting in heroin
misreporting relative to cocaine in response to sweat patch
placement, which seems implausible. Yet, despite these
problems of relatively lower heroin detection via sweat patches,
the inter-rater reliability of EMA methods compared to sweat
patch analysis remained moderate for both heroin and cocaine
use as evidenced by concordance correlation coefficients.

EMA Compared to ACASI Assessment

ACASI methods have now become the standard approach for
collecting sensitive datain epidemiologic research studies. The
use of ACASI has resulted in greater disclosure of sensitive
behaviors such as drug and sexual risky behaviors in some
population [45-47], thereby reducing social desirability bias
and improving accuracy of self-report.

Although the best timeinterval for ng drug use exposure
remains unknown, severa studies have found that reporting
sensitive sexua behaviors can be accurately recaled for
intervals of 1-3 months [48,49]. Longer time frames may be
more representative of a person’s behavior patterns, but can be
more difficult to recall. It is likely that participants asked to
recall behaviorsover longer time periods may rely on astrategy
such as“ guestimation” of the average number of days per week
they have been with a specific partner or used drugs [50].
Despite the potential problems with accuracy of information
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collected over longer periods of time, ACASI assessments are
rarely done in shorter intervals due to practical issues.

In this analysis, the inter-rater reliability and concordance of
EMA methods compared to ACASI methodsfor assessing drug
use appear stronger for heroin use (concordance correlation
coefficient for heroin use had good agreement, 0.61 (0.53-0.69))
than for cocaine use. Both methodsinvolve self-report in settings
with increased privacy over traditional face-to-face interviews
providing greater anonymity when disclosing sensitive
information. Inthe current analysis, the ACASI reports captured
more drug use than EMA methods. It is hard to differentiate
between “fuzzy” recall that may have been reported viaACA S
(leading to overreports) from participants that may have been
impaired from drug use when answering the EMA survey
(leading to underreports).

Whilewe document good concordance between EMA methods
with both ACASI and sweat patch approaches, this analysis
neglects to consider a primary analytical strength of EMA
methodology, namely the examination of real-time drug use.
EMA methods allow for the examination of the variation and
amount of drug use by day. ACASI methods are unable to
examine daily drug-using patterns due to feasibility issues (eg,
study visits, etc). Despite these differences in methodologies,
our EMA results remained reliable when compared to
ACASI-based methods and could prove extremely useful in
understanding drug use among chronic drug users.

Misreporting by EMA

Relative to sweat patch reports, there were no demographic or
behavioral correlates of overreporting of cocaine use by EMA
whereas having a stable partner, male gender, and daily injection
at baseline were associated with underreporting of cocaine use
by EMA. Baseline heroin use wasthe only significant correlate
of misreporting of heroin by EMA relative to the sweat patch.
In total, these data suggest that more regular heroin users were
more likely to both overreport and underreport heroin, raising
concerns regarding misclassification due to the limitations of
sweat patch detection of heroin as highlighted above. In-depth
or timeline follow-back interviews could be used to better
understand discordant events, aswe do not know if the dynamics
of overreporting and underreporting are the same.

Relative to ACASI, sharing injection needles was positively
associated with EMA overreporting of both cocaine and heroin
use, while underreports of cocaine use was positively associated
with having medical insurance. In contrast, EMA underreporting
of heroin use were positively associated with baseline heroin
use and HIV status. Stable factors, such has having insurance,
may |ead to underreporting of cocaine use asaresult of asocial
desirability bias. The associations of misreporting with sharing
needles, baseline heroin use, and HIV status most likely reflects
the recruitment criteria of EXACT, which included a large
proportion of HIV-infected individuals with more recent and
intense drug use.

Conclusions

Substance abuse is commonly associated with a chaotic or
disordered life, mental illness, financial and legal difficulties,
and inadequate housing or transportation [51-53]. As members
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of the ALIVE cohort, all EXACT participants had a history of
abusing illicit drugs and most were HIV infected. Long-term
chronic drug abuse has physical ramifications but a so cognitive
effects. Working memory deficits are also prominent among
HIV-infected individuals. During periods of intoxication, heroin
users suffer a slow drop-off in attention and often fall asleep
[54]. Baseline cocaine and heroin use heavily impacted EMA
misreporting of heroin use but not cocaine use. It is possible
that inattention or sleep may have contributed to heroin users
(more so than cocaine users) having difficulties in recalling
drug use on a weekly basis (both as overreports and
underreports) as was required of drug use assessed by ACASI.
With respect to EMA underreporting, we found no evidence of
exhaustion from using the handheld devices in reporting drug
use across study week or by drug type. Notwithstanding these
differences in reporting by drug type, EMA methods captured
much of the drug use reported by ACASI methods.

There are several strengths of EMA methods that make them
desirableto captureillicit drug use among community-dwelling
populations. Because they are assessed in essentially real-time,
EMA does not require individuals to recall or remember
behaviors for prolonged periods. Social desirability bias is a
reporting bias that arises when individuals underreport specific
behaviors or actions because they believe these actions are
sensitive and not socially acceptable to report [55]. ACASI
methods have been shown to decrease social desirability bias
by allowing greater respondent privacy since questions are
administered audibly and in text on a computer screen in a
private room without the direct participation of a study
interviewer [46]. However, EMA methods may allow for even
greater respondent privacy since participants are able to answer
guestionsin their natural environment, which allows participants

Linaset al

to camly respond to questions where they fee most
comfortable, away from a study site. ACASI interviews and
sweat patches require participants to visit study sites at regular
intervals.

EMA methods can provide more intensive follow-up
opportunities compared to sweat patch or ACASI assessment.
Daily outcome assessments over extended periods of time are
feasible when using EMA methods because participants can
carry the devices 24 hours a day, 7 days a week. Prior studies
have involved participants using the devices for up to 6 months
[24]. Red-time data capture allows for the daily context and
“situatedness’ of drug useto be assessed, including information
on the number of days used, frequency and amount used in a
day, as well as participant behaviors that occur due to specific
cultural, organizational, and structural environments [13].
Historically, ACASI has resulted in greater disclosure of
sensitive information [45-47] and previous EMA analyses by
ourselves and others have demonstrated that EMA is capable
of capturing this type of information as well [23,25,26,30,56].

Assessing drug use in epidemiologic studies ideally involves
an approach that is unobtrusive, does not rely on recal, has
limited requirements for participant participation, and is
accessible and affordable. mHealth may provide an excellent
solution for assessing drug use in the field. The level of
concordance between EMA and traditional biological and
self-report methods suggests that utilizing EMA mHealth
strategiesarefeasiblefor ng drug use among community
dwelling, nontreatment-seeking drug users. Future studies
integrating EM A methods with the use of sensorsfor assessing
drug use will likely provide both the biologica and
environmental cuesof illicit drug use aswell as provideamore
complete picture of drug-using behaviors.
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Abstract

Background: Thereis substantial interest in the effects of nutrition labels on consumer food-purchasing behavior. However,
conducting randomized controlled trials on the impact of nutrition labelsin the real world presents a significant challenge.

Objective: The Food Label Trial (FLT) smartphone app was developed to enable conducting fully automated trials, delivering
intervention remotely, and collecting individual-level data on food purchases for two nutrition-labeling randomized controlled
trials (RCTs) in New Zealand and Australia.

Methods: Two versions of the smartphone app were developed: one for a5-arm trial (Australian) and the other for a 3-arm trial
(New Zealand). The RCT protocols guided requirements for app functionality, that is, obtaining informed consent, two-stage
eigibility check, questionnaire administration, randomization, intervention delivery, and outcome assessment. Intervention
delivery (nutrition labels) and outcome data collection (individual shopping data) used the smartphone cameratechnology, where
abarcode scanner was used to identify a packaged food and link it with its corresponding match in afood composition database.
Scanned products were either recorded in an electronic list (data collection mode) or alocated a nutrition label on screen if
matched successfully with an existing product in the database (intervention delivery mode). All recorded data were transmitted
to the RCT database hosted on a server.

Results: In total approximately 4000 users have downloaded the FLT app to date; 606 (Australia) and 1470 (New Zealand)
users met the eligibility criteriaand were randomized. Individual shopping data collected by participants currently comprise more
than 96,000 (Australia) and 229,000 (New Zealand) packaged food and beverage products.

Conclusions: The FLT app is one of the first smartphone apps to enable conducting fully automated RCTs. Preliminary app
usage statistics demonstrate large potential of such technology, both for intervention delivery and data collection.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12614000964617. New Zealand trial: Australian
New Zealand Clinical Trials Registry ACTRN12614000644662.

(IMIR mHealth uHealth 2016;4(1):€23) doi:10.2196/mhealth.5219
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Introduction

Smartphone technology offers promising new ways to deliver
health interventions and undertake research [1], and
smartphone-assisted randomized controlled trials (RCTs) are
an emerging methodology. The role of smartphone technology
in RCTs varies from provision of simple information or text
message reminders to participants to more complex tools
enabling, for example, self-monitoring or data collection [2-4].
Messages have been the most common tool used in
smartphone-assisted studies to date, although specialized
smartphone apps are increasing in popularity [5]. Although
systematic reviews suggest mixed evidence of the effectiveness
of smartphone-delivered health interventions compared to
traditional methods[6,7], advantages of such programsinclude
ability to deliver an intervention remotely and a potentially
wider population reach. Greater participant retention and
adherence to the intervention and improved convenience for
participants compared to traditional methods have also been
reported for smartphone-assisted interventions [2,8,9].

Most smartphone RCTs to date have been only partialy
technology-assisted, that is, smartphone technology is used as
an add-on to an existing behavior change program or an
automated intervention is compared with a standard
technology-free control group [3,10]. Automated RCTs
conducted entirely via a smartphone app are a novel approach
in health research, and thus, limited published data are currently
available in this field. To date, we are aware of only 1 other
RCT (asmoking cessation app) that used this approach [11].

Here we describe a new smartphone app developed for use in
automated RCTs on the effects of different nutrition label
formats on the healthiness of consumer food purchases in 2
countries (Australiaand New Zealand) [12,13]. The app (Food
Label Tria, FLT) was designed to overcome 2 common
challenges of nutrition-labeling interventions: (1) delivery of
various nutrition label formats for foods in rea-world
supermarkets (the intervention) and (2) collection of reliable,
objective, household-level food shopping data.

Although the potential public health benefits of interpretive,
easy-to-understand nutrition labelsare generally accepted [14],
it is difficult to test the effectiveness of such labels as an
intervention in real-world retail settings. Therefore, assessment
of their effectivenessisoften only possiblein controlled settings
[15] or in nonrandomized natural experiments[16]. Technology
used in the FoodSwitch smartphone app [17], available in
Australia and New Zealand, enables delivery of nutritional

http://mhealth.jmir.org/2016/1/e23/
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information viadigital nutrition labels. FoodSwitch users place
their smartphone camera over the barcode of a packaged food,
the unique barcode is then matched with a product in the
underlying food database, and an interpretive nutrition label for
the scanned product is displayed on screen. The intervention
delivery mode of the FLT app uses the same technology to
deliver a nutrition-labeling intervention to trial participants.

A second challenge is collection of individual-level data on
food purchases. Traditional methods involve collection of
itemized food shopping receipts. However, this requires manual
coding and data entry, which is time-consuming and resource
intensive[18-20]. Other ways of recording individual purchases,
for example, viabarcode scanners[21], have also been explored
but have presented limitations such as the need for additional
equipment or being limited to specific participating stores. To
overcome this challenge, our RCT app was designed to have
inbuilt data collection functionality using barcode scanning
technology.

The aim of this paper is to describe the development and
functionality of the smartphone app used for thetrials, provide
an overview of the end product, and report preliminary usage
statistics and common technical issues.

Methods

Approvals

Both trials received appropriate ethics approvals (University of
Sydney Human Research Ethics Committee, reference number
460; University of Auckland Human Participant Ethics
Committee, reference number 011390).

Trial Overview

Full trial protocols, including ams, design, outcome
measurements, and power calculations, have been previously
published [12,13]. In summary, the randomized controlled trials
aimed to assess the effects of different nutrition label formats
on the healthiness of consumer food purchases. Individual food
and beverage shopping data were collected during 5 weeks
(1-week baseline and run-in and a 4-week intervention period).
Eligible participantswere randomized to 1 of 5 nutrition-labeling
formatsin Australiaand 1 of 3 labeling formatsin New Zealand
(Figure 1): Daily Intake Guide [22] (Austraian tria only),
Traffic Light labels [23], Health Star Rating [24], Nutrition
Information Panel (control) [25], or a Warning Label [13]
(Australian trial only). Both intervention and control nutrition
labels were delivered via the smartphone app to minimize
technology bias.

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e23 | p.33
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Volkova et al

Figure 1. Nutrition-labeling formats allocated to intervention and control groups in the trials. (a) Daily Intake Guide*. (b) Traffic Lights. (c) Headlth
Star Rating. (d) Nutrition Information Panel (control arm). (€) Warning Label*. * Australian trial only.
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Development of the App

Key Reguirements

The app had 3 key functionality requirements. (1) fully
automating the conduct of RCTs [12,13], that is, consent,
screening, randomization, and questionnaire administration; (2)
delivering trial intervention, that is, nutrition labels;, and (3)
facilitating data collection.

The framework for thefirst functionis presented in Figure 2 as
a sequence of the key trial events. Progression through those
events was determined by in-app and server-side checks,
including an email address check to prevent duplicate
registrations, a check that consent has been provided and terms
and conditions have been accepted, eligibility at screening, and
acheck that at least 15 barcoded food or beverage items were
recorded during week 1 (run-in phase requirement). A timeline
check (from the moment of registration) was also required to
ensure delivery of key events such as randomization (end of
week 1) and the follow-up questionnaire (end of week 5).

Intervention delivery functionality provided users with a
nutrition label for a scanned food product. The format of the
label provided was determined by the participant's

http://mhealth.jmir.org/2016/1/e23/
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(e)

randomization allocation (Figure 1). Designsof digital nutrition
labelsin the app were based on the rel evant style guides [22-25].
Similar to the FoodSwitch app, nutrient content information for
the scanned product was obtained by matching the barcode
number with one from the food composition database at the
back end.

Data collection functionality used barcode scanning to create
electronic itemized records of food purchases made by
participants, and the smartphone camerawas used to photograph
the till receipts. Participants were requested to record all food
purchases during the 5-week trial period. Additional information
on demographics and usual shopping patternswas collected via
in-app basdline and follow-up questionnaires. Two in-app
tutorials were devel oped for user training purposes. In-app and
push notifications and reminders were devel oped to prompt user
engagement and adherence to the trial protocol and timelines.
The following ethical and security requirements were adhered
to: (1) A participant information statement was available to
participants via the app throughout the trial, and (2) all data
collected via the app were stored securely with identifiable
information stored separately from trial outcome data.

Two similar versions of the FLT app were created for the
Australian and New Zeadland RCTs, with the following
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differences between the apps for the two countries: (1) five
intervention arms in the Australian app versus 3 for New
Zedland; (2) different randomization algorithms with (New
Zealand) or without (Australia) stratification by ethnicity and
self-reported interest in healthy eating [12]; (3) Australian and

Volkova et al

New Zealand trial-specific participant information and consent
statements, terms and  conditions, logos, and
content-management systems; and (4) country-specific back-end
food composition databases.

Figure 2. Sequence of the key trial events automatically delivered viathe FLT mobile app. *New Zealand tria only.

1. Screening:
- Administer screening

2. Consent/registration:

- Collect informed consent

. : ———*
questonnaire - Terms & Conditions
- 1% eligibility check - Register

4. Randomization:

3. Baseline (week 1): Ty e S
- Administer baseline questionnaite — | - Randomly allocate a nutrition label
- Collect mdividual shopping data - Stratify by ethnicity and interest in

healthy eating*
5. Intervention (weeks 2-5): 6. Follow up:

- Deliver allocated nutrition labels —

- Collect individual shopping data

Backend Food Composition Databases

Country-specific food composition databases provided the
nutrient information to create nutrition label s and assess outcome
measures. The Australian version of the app used The George
Ingtitute for Global Health’'s FoodSwitch database [17], which
currently contains nutrition information for more than 65,000
Australian packaged food items. The New Zealand version of
the app used the NZ FoodSwitch database, which currently
contains nutrition information for more than 21,000 products.
The most up-to-date versions of the food composition datasets
available at the time of app devel opment were used.

Usability Evaluation

Theinitial decision on whether an FLT smartphoneintervention
wasfeasibleto conduct in Australiaand New Zeal and was based

http:/mhealth jmir.org/2016/1/23/
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- Administer study completion
questionnaire

on the popularity of the FoodSwitch app, which currently has
more than 600,000 downloads in Australia (population 23.7
million in 2015) and 65,000 downloads in New Zeaand
(population 4.5 million in 2015). Because the FoodSwitch and
FLT apps core functionaity were very similar, separate
usability eval uation was not deemed necessary for the FLT app.

Development and Testing

The app was designed by research teams at used The George
Ingtitute for Global Health, University of Sydney, Australia,
and the National Ingtitute for Health Innovation, University of
Auckland, New Zealand. Software and interface development
was led by Buzinga Apps, Australia. The app was devel oped
for Android and iOS platforms, the most common smartphone
platforms in Australia and New Zealand [17]. During the
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development period, weekly online conference meetings were
held between the used The George Ingtitute for Global Health,
National Institute for Health Innovation, and Buzinga teams.
The time frame for development was approximately 9 months,
with the framework, interface, technical requirements, and
algorithms being developed over the first 5 months (Jan-May
2014) and the iterative development and testing process
implemented over thefollowing 4 months (June-Sep 2014). All
components of the FLT app and thefinal versionswere pretested
by the software developer and research teams. Final products,
for both Android andiOS, were tested by independent volunteers
from the same research institutions who were not involved in
the project. Final versions of the FLT app were submitted to
Apple and Android app stores in October 2014. The initial
version of the app was compatible with smartphones running
either iOS 7 and above or Android 4.3-4.4. The app was updated
as new versions of the operating systems became available.

Data Management

All data collected via the FLT app were automatically
transmitted to a trial database located on a remote server.
Country-specific content management systemswere devel oped
for data processing, management, and extraction. Automatic
in-app and server-side logic checks on the incoming data were
used to ensure adherence to trial requirements and progress
through the stages.

Technical | ssue Management

On-going quality control of the collected data was carried out
by research teamsto identify any potential issues. Any identified
issues were prioritized by the research team and addressed by

http:/mhealth jmir.org/2016/1/23/
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Buzinga Apps based on the impact on trial data and the level
of inconvenience to participants. Weekly meetings were held
between researchers and the app development teams to ensure
timely resolution of major technical problems. Two updates of
the app for the Android platform and 1 for iOS platform were
released after theinitial app launch to providefixesfor identified
issues.

Analysis of the App Usage

Data collected from the trial app between October 2014 and
June 2015 were used for analyses and represent the first nine
months of the trial. Simple descriptive statistics were used to
report the number of downloads, registrations, randomizations,
and the amount of individual shopping data collected via the
app. The final trial completion rates will be reported in the
results papers (the trials were ongoing at the time of drafting).

Results

Functionality Overview

A flowchart with sample screenshots is presented in Figure 3,
and the 16 main functionality components of the FLT app are
summarized in Table 1. Thefirst event in the FLT app was the
informed consent and registration process. All subsequent events
were automatically triggered either by atask completion (eg, a
guestionnaire) or by reaching akey tria time point (eg, end of
baseline phase after 1 week). Thetrial tutorials are availablein
the Multimedia Appendices 1 and 2. Thelogic and schedul e of
key reminder messages and notifications are summarized in
Table 2. The messages were triggered either by the tria
timelines or user’s progress on task completion.
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Table 1. Main functions of the Food Label Tria app.

Volkova et al

Component Time point

Description

Consent and T& C? statement User opens the app for the first time

Registration form After screening questionnaire

Questionnaires Screening: after consent

Baseline: prior to week 1
Follow-up: end of week 5

Eligibility checks First: at screening

Second: at the end of week 1

Randomization End of week 1

Barcode scanning Weeks 1-5

Electronic lists of purchases Weeks 1-5
Till receipt capture Weeks 1-5

Intervention (nutrition label) de-  Weeks 2-5
livery

Crowdsourcing: missing product Weeks 2-5

information

Tutorials First: before week 1
Second: before week 2

Reminders and notifications Throughout the trial

Progress tracker Weeks 1-5

History Weeks 1-5

Trial information Weeks 1-5

Link to FoodSwitch Ineligible users, end of tria

On-screen consent statement with links to full PIS and T& C docu-
ments. Multichoicetick box answer options. Acceptance of the consent
statement and T& C were mandatory.

Questions with free text answer options. A reguirement to enter a
unique email address.

Questions with multi-choice (tick-box or siding scale) or free text
answer options.

Eligibility was determined from the screening questionnaire answers
(first check) and the number of products recorded during baseline
(second check).

Server-side central blocked randomization with variable block sizes.

Barcode numbers of the scanned products were matched with an in-
app backend food database.

Automatically generated electronic list of scanned product items
Smartphone camera s engaged to photograph the till receipt images.

For recognized products, a nutrition label was displayed. The label
format was determined by the user’s randomization allocation. A
random selection of other products from the same category was dis-
played under the label.

An optional functionality allowed users to submit photos of missing
products (as with the crowdsourcing function of the FoodSwitch app
(17].

Short in-app video clipsintroducing the app functionality and the re-
quired tasks.

Automatically triggered in-app and push notification messages. The
logic and schedule are described in Table 2.

Showed the number of weeks completed on the trial.

A history of al previously sent electronic lists

Information about the trial, research team and technical support con-
tacts, PIS.

A link to the FoodSwitch app offered as an alternative resource for
healthy food choices.

3P| S: participant information statement, T& C: terms and conditions.
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Table 2. Key notification and reminder messages delivered by the Food Label Trial app
Message description Trigger Time point and frequency Type
Notification informing of ineligibility  First eligibility check failed Once after the screening questionnaire  In-app message
for thetrial; offered alink to the
FoodSwitch app.
Reminder to completetheregistrationor Registration form not completed Two days after consent, then once a Push notification
baseline questionnaire week up to 4 times, then once amonth
until 5 weeks before the overall trial re-
cruitment completion
Reminder to record at least 15 items User submitted alist of purchased products  After every submitted list that meetsthe In-app message
during week 1 during week 1, and the total number of criteria
items recorded by the user to date isless
than 15
Notification that the product list hasbeen  User submitted alist of purchased products, After every submitted list that meetsthe In-app
successfully sent and it was successfully transmitted tothe  criteria message
trial database. The number of products
recorded during week 1is15itemsor more
Reminder to record food purchases User has not sent any product listssincethe At days 3 and 5 of week 1 Push notification
(baseline phase) beginning of week 1
Reminder to keep recording food purchas-  User has not been sending through any new At days 4, 6, 9, 12, 18, and 24 sincethe  Push notification
es (intervention phase) product lists last product list was sent OR since the
beginning of the intervention phase
Reminder that thetria isendingsoon  Day 26 of the intervention phase Day 26 of the intervention phase Push notification
Request to complete the follow-up Day 28 of the intervention phase Day 28 of the intervention phase In-app message
questionnaire
Reminder to complete the follow-up User has not completed the follow-up Days®6, 12, 18, 24, and 30 from comple-  Push notification
questionnaire guestionnaire tion of the intervention phase
Notification of thetrial completion User completed thefollow-up questionnaire  Once after the follow-up questionnaire  In-app message
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Figure 3. Food Label Tria app key functionality flowchart with sample screenshots (from the New Zealand version of the app). (a) Welcome screen.
(b) Consent and terms and conditions screen. (c) Baseline questionnaire screen. (d) Tutorial. (€) Data collection mode: barcode scanning. (f) Data
collection mode: adding a matching till receipt image. (g) Intervention delivery: traffic light label arm. (h) Postrandomization in-app notification. (i)
End of trial screen, offering alink to the FoodSwitch app.
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Preliminary App Usage Statistics

The FLT app usage statistics for the initial 13 months sincethe
app launch are summarized in Figure 4 (October 2014-Nov
2015). In total, 3000 users downloaded the FLT app to undergo
an eligibility check, and of these, close to 1500 unique users

Volkova et al

were randomized to receive the tria intervention. During this
time, participants submitted close to 13,000 el ectronic shopping
lists, with more than 150,000 individual food or beverage items
and over 20,000 matching receipt images. The labeling
intervention usage rates are reported in Figure 4 as a total
number of “label views”

Figure 4. Food Label Trial app usage statistics for the period of October 2014-November 2015.

4,117 FLT app users

2,381 users
New Zealand RCT

(Oct 2014 — Nov 2015)

1,736 users
Australian RCT

-

187
el 7 2,194 1,432 il
xclude Excluded
Consented Consented L
at screening | | at screening
5 b, J 5\ A"
‘ 1,470 = 606 ‘ <D
Randomized Exclud?d Randomized Excludf:d
at run-in | at run-in
l.\_ A o J; £ A = j
[ - " Recorded: ‘
15,200 Lists 6,900 Lists
229,200 products 96,200 products
47,000Label Views 21,300Label Views |

Key Technical Issues

The most common issues encountered were intermittent
problemsin connecting to the server while recording purchased
products and reminder messages being sent very freguently.
Other less-frequent issues, potentially caused by attempts to
use the app on incompatible devices, included incorrect
recording of consent status, problems viewing nutrition labels,
registration issues, i ssues with focusing smartphone camera on
barcodes during scanning, and multiple identical copies of
baseline and follow-up surveysrecorded for some users. A small
number of users experienced issues accessing the trial
intervention after theiOS 9.1 release in October 2015.

Discussion

The FLT app is a hovel smartphone app designed to conduct
an automated RCT on the effects of different nutrition labels
on food purchases. To our knowledge, this is the first fully
automated smartphone-based trial in public health nutrition.
Theuseof the FLT app overcomesameajor challenge commonly
encountered in current nutrition-labeling interventions, that is,
delivery of randomly allocated nutrition labels to study
participantsin their regular real-world food shopping locations.
Previously, real-world effect of nutrition labelswas assessed at
alarge scale in a natural experiment observation study [16].
Another large study used shelf-labeling in a selected chain of
supermarkets[15]. However, arandomized controlled approach
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has not been possible, and as a result, the current trials are the
first RCTs to measure the real-world effect of nutrition labels
on food purchasing [26].

The FLT app enabled simplified collection of participant
household food purchase data, automatically linked to
demographic characteristics (viathe participant |D number) and
to the food database (via product barcodes). Compared to
previous research in this area using shopping receipts as a
primary data collection mode for food purchases [18-20], the
FLT app substantially reduces the requirements for manual
coding and dataentry of packaged foods. To minimize potential
bias due to technol ogy influence, acontrol group nutrition |abel
was also delivered viathe smartphone, which replicates current
mandatory nutrition labels found on the back of the pack of
most food and beverage itemsin Australiaand New Zealand.

Preliminary statistics of the FLT app usage have been promising;
a large amount of data on intervention usage (label viewing)
and individual food purchases has been collected to date.
Completeness of electronic shopping data collected will be
verified against the shopping receipts at the end of the trial. It
will be useful to determine feasibility of this data collection
approach in contest of the result of the studies using traditional
grocery shopping receipt data collection methods [18].

Previous smartphone-assisted public health intervention trials
have mainly focused on comparing the efficacy of
technology-based intervention with traditional methods (eg,
face-to-face behavior change consultations [3]). The described
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“smart” trials use a different approach: The FLT app is not just
an intervention within a trial, but a platform enabling a fully
automated RCT to be conducted. The app allows screening,
consent, registration, and management of study participants
remotely, without any manual input from the research team.
Ethical and security requirements have also been considered
during the app development, which is important, as previous
systematic reviews haveidentified patient privacy asapotential
area of concern when using smartphone technology [5].

This novel, “smart” RCT approach offers potential learning
benefits for future trials, eliminating the need for in-person or
telephone appointments and substantially reducing the time
commitment for both researchersand trial participants. To date,
limited data have been published on other trials using this
approach. A study protocol by BinDhim et al [11] usesasimilar
“smart” RCT design. This smoking cessation trial also usesan
app for screening, consenting, and randomizing trial participants,
intervention delivery, and data collection. However, there are
2 key differences compared with the FLT app functionality.
First, the FLT app provides a personalized intervention based
on participants’ interactionswith their environment, rather than
delivering a generic intervention to al participants. Second,
similar to the app used in the study by BinDhim et al [11], the
FLT app passively records app usage and collects self-reported
data via questionnaires. However, the FLT app also enables
participants to actively record their food purchase data. Thisis
of particular importance for a nutrition-labeling intervention,
where there is a known shortage of outcomes based on
objectively measured shopping data [27].

The FLT app design has certain limitations. Because of the
relatively long duration of the projects (18 months recruitment
period), it was necessary to update the app following therelease
of new versions of Android and Apple operating systems. Each
app update required time for additional testing and resubmission
to the app stores, and thus some users could experience issues
with the app functionality until the update was finalized. In
addition, because of the large range of smartphone devices
available on the market, it was not possible to test compatibility

Volkova et al

with every one, and thus identify in advance device-specific
issues. The issues affecting trial intervention delivery, such as
barcode scanning or issueswith producing nutrition labels, were
considered of high importance for the trial, and thus were
prioritized for fixing. The impact of data collection issues was
partially offset by using backup data collection methods (hard
copies of till receipts) [12,13]. The issuesthat affected the trial
management process, such as very frequent reminders, created
inconvenience for participants but had fewer implications for
thetrial outcomes.

Another limitation is that static backend food databases were
used for the app. Therefore, new products appearing on the
market after the app release were not recognized by the app.
This may have affected both data collection and intervention
delivery modes of the app, because both functions work by
barcode identification within existing food databases. The
impact on data collection can be managed by linking acomplete
trial dataset with an updated food database at a later time, and
thus matching all previously unrecognized barcode numbers
with new product information. However, the impact on the
intervention delivery is greater, as participants cannot view
nutrition labels for missing products.

Finally, the technol ogy-based nature of the trial has a potential
to contribute to sample selection bias. Although smartphone
ownership is high in both Australia (up to 80% [28]) and New
Zealand (up to 70% [29]), arange of factors, such aslack of an
active Internet connection, may limit accessibility of some
population groups to this research medium. Thus,
generalizability of the smart RCT’s findings need to be further
examined.

In conclusion, the FLT demonstrates the feasibility of using
smartphone apps to undertake real-world nutrition-labeling
interventions and enable easy collection of individualized
electronic food purchasing data. The app technology alows
immediate access to intervention nutrition labels in any
real-world retail outlet and enables randomized comparison of
the label effectiveness. The FLT app is among the first
smartphone apps to enable conducting fully automated RCTSs.
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Multimedia Appendix 2
Food Label Trial app tutorial 2.
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Abstract

Background: Despite the recent explosion of the mobile health (mHealth) industry and consumer acquisition of mHealth tools
such as wearable sensors and applications (apps), limited information is known about how this technology can sustain health
behavior change and be integrated into health care.

Objective: The objective of the study was to understand potential users’ views of mHealth technology, the role this technology
may have in promoting individual activity goals aimed at improving health, and the value of integrating mHealth technology
with traditional health care.

Methods: Four focus groups were conducted with adults interested in sharing their views on how mHealth technology could
support wellness programs and improve health. Participants (n=30) were enrolled from an employee population at an academic
health institution. Qualitative thematic analysis was used to code transcripts and identify overarching themes.

Results: Our findings suggest that tracking health data alone may result in heightened awareness of daily activity, yet may not
be sufficient to sustain use of mHealth technol ogy and apps, which often have low reuse rates. Partici pants suggested that context,
meaning, and health care partnerships need to be incorporated to engage and retain users. In addition to these findings, drivers
for mHealth technology previously identified in the literature, including integration and control of health data were confirmed in
this study.

Conclusions: Thisstudy exploreswaysthat mHealth technol ogies may be used to not only track data, but to encourage sustained
engagement to achieve individua health goals. Implications of these findings include recommendations for mHealth technology
design and health care partnership models to sustain motivation and engagement, alowing individuals to achieve meaningful
behavior change.

(IMIR mHealth uHealth 2016;4(1):e5) doi:10.2196/mhealth.4814
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Introduction

The Field of mHealth Technology

Mobile health (mHealth) technol ogy has captured the attention
of health care providers, health system researchers, and the
technology industry because of its potential to improve health
outcomes, health care services, and health research. The result
isan industry that has attracted over US $1.2 hillion in venture
capital investment in 2014 [1]. Mobile health technol ogiesrange
from simple text message reminders for hedth care
appointments, to fithess’health apps downloaded for use on
mobile phones, to more complex technology that records
real-time patient generated data from wearable sensors. Recent
research has explored the potential use of mHealth to improve
broad health outcomesaswell asits utility in specific conditions
such asdiabetes, heart disease, and cystic fibrosis[2-5]. Despite
vast attention paid to this new field, more evidence is needed
to understand how thistechnology can be used, and what health
care partners might beinvolved, to encourage and sustain health
behavior change.

mHealth Technology and Apps

Given that 91% of adults in the United States own a mobile
phone [6], 64% of adults own a smartphone, and 15% of
smartphone owners report having limited ways to access the
Internet outside of their mobile phone [7], mHealth technology
has a number of promising apps and possihilities, especially in
the areas of health monitoring and health care access. Regarding
health monitoring, proponents believe that bidirectional, timely
communication of data combined with tailored feedback could
play an important role in influencing health behaviors, which
may prevent or mitigate factorsthat |ead to disease. For instance,
if the technology is connected with pervasive sensors that are
either embedded in the environment or on the person, it “can
produce continuous streams of data on an individual's biology,
psychology (attitudes, cognitions, and emotions), behavior, and
daily environment” [8]. With 96% of the US population
currently living in areas where mobile networks exist, mHealth
supporters also consider the technology to have the potential to
improve health care access and reduce health care disparities
for hard-to-reach and underserved populations[8]. In abest-case
scenario, maobile technology offers the possibility to deliver
Specialty care where it may not exist, reduce transportation
burden, and move care away from traditional clinic and
hospital-based care settings, allowing patients to be active
participants in the management of their conditions wherever
they may be, at times convenient to them [9].

M otivating Behavior Change

A critical issue for those developing mHealth technologies is
the creation of an interface or product that engagestheintended
user and provides enough value to encourage continued use. A
number of studies examining the views of intended consumers
of mobile technol ogies designed to improve health have shown
that mobile diariesincreased patient’s focus on their disease or
their health behavior [3,10,11], mobile displays were effective
in encouraging participants to maintain activity levels[12,13],
and reminder notifications aimed at goal achievement were
desirablefeatures[14]. Evidence also isemerging that indicates
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text messaging delivered through mobile devices may be
beneficial for behavior change, such as smoking cessation,
which hasimplicationsfor other desired health behavior changes
that are difficult to undertake and lie within the control of the
individual [15]. These studies suggest that customized
messaging, feedback, and goal setting areimportant components
of mHealth interventions [2,3,14,16-19].

Research on users of mHealth technology has also identified
key design elements such as apps that fit within users' busy
lives [11,20,21], provide personal awareness of activity
[11,12,14,18,22], support social networks for sharing, support,
or competition[11,12,18,22,23], and provide professiona health
support [13,18]. Finally, participants in an automated mobile
physical activity intervention suggested that individualized
coaching that goes beyond messaging prompts was also
important [3].

Sustaining Behavior Change

Prior studies have gathered essential information about the needs
and desires of intended users of mHealth technology. Despite
these promising findings, however, studies using mobile
technology to target health behavior change for physical activity,
weight loss, and management of chronic disease have rarely
demonstrated long-term effectiveness [24].

To be effective in health behavior change, continuous use of
mHealth apps is vital, yet 26% of apps downloaded by
consumers are never used a second time [25]. Additionally,
33% of activity tracker owners abandon use of wearabl e sensors
after 6 months [26]. These statistics point to the need for
mHealth designers and researchers to focus on how mHealth
technology might be used for sustained health behavior change
and improved health. The research in this area suggests that
behavior changes are more likely to be sustained if patients are
involved in identifying and establishing their own goals and
include partnerships with health care providers[27].

The broad objective of this study was to further understand
potential user's views of the usefulness of commercially
available mHealth technologies to improve individual health
and wellness. A more specific aim wasto explore sustained use
and the role of health care partnerships as users engage with
mHealth technology. Sustained behavior change takes time,
therefore we sought to determine what elements would
encourage ongoing engagement and would assist individuals
to make incremental steps in health behavior change and a
corresponding improvement in health. Additionally, as a great
deal of innovation and consumer health development is
occurring without partnership within traditional health care
systems, a key point of inquiry was to examine potential
mHealth users' views about including health care partners in
their efforts at behavior change.

Methods

Setting and Participant Recruitment

Thisresearch wasinitiated to ultimately inform the devel opment
of an intervention study (the Wireless Health and Wellness
Intervention) focused on improving self-efficacy and exercise
health among a health system employee group using mHealth
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technology. For this reason, we targeted a sample of working
adults from an academic institution who were interested in
sharing their perspective on what could be offered within an
employee wellness program to support sustained health behavior
change. The academic health care institution employs over
11,000 faculty and staff.

A convenience sample of focus group participants was recruited
through an announcement on the university’s website. Prior to
attending the focus group sessions, participants completed a
survey that asked for demographic information, past experience
with mHealth technology, and self-rated health. Participants
were compensated US $50 for their time attending the group.
The Institutional Review Board reviewed the study protocol
and, as no personal identifiers were collected during the focus
group sessions, the research was determined to be exempt from
human subjects research.

Focus Group Data Collection

The research team conducted three focus groups and a final
group to confirm study findings (groups included 8-12
participants and the confirmatory group contained three
participants). Experienced social science and qualitative
researchers, using standard techniquesfor focus group research,
led the focus group sessions [28,29]. Two of the study authors
cofacilitated every session. Each session lasted for 1% hours
and was digitally recorded and transcribed. In the beginning of
the group session, mHealth was explained and several examples
were provided (from pedometersto FitBit, Nike Fuel Band, and
other health apps for mobile phones). Participants were asked
about their reactions to the mHealth technology, preferences
for the type of health datato be collected, potential features or
incentives that would sustain their motivation and use of
mHealth technol ogy, and their views on sharing datawith others,
including health coaches or additional health care partners.
Although a semistructured interview guide was used, the groups
were conducted as* guided conversations’, allowing for frequent
probes and unexplored topics to arise [30].

Data Analysis

The study investigators used a combination of deductive and
emergent strategies to identify codes from the focus groups
[31,32]. Initially, areview was conducted to identify key issues
in the research literature. These ideas, such as privacy, social
networking, etc, were used as a priori codes. Emergent codes
were devel oped through an iterative process. After thefirst three
focus groups, four members of the research team met and
discussed the major issues and topics that arose. These initial
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topics were used along with the a priori codes to conduct an
initial independent review and coding of the focus groups. In
the review of the transcripts, the researchers found additional
ideasthat had not previously been coded and the team met again
to establish new codes. Continuing this iterative process of
coding and review, the research team identified the linkages
between the codes and grouped them into broader themes[32].

By the end of the third focus group, the main ideas being
introduced in the groups were coal escing around similar themes,
such that data saturation was determined to have been met. At
that point, one additional small group (n=3) was conducted to
validate identified themesand confirm that no additional themes
were missed. The validation group was smaller to alow for a
more in-depth discussion of the themes than a larger group
would have alowed. The coding and analysis process was
completed using the qualitative data anal ysis software program
Dedoose [33]. Since conversational analysis was not a goal of
the project, in the reporting of quotes, participants verbal
hesitations and false starts (eg, “umms’) were deleted to improve
readability.

Results

Participants

The sample of participants was comprised of 24 women and
six men (see Table 1). Each group conducted had relative
diversity of representation from the various categories (age,
income, self-rated health, and use of technology), allowing for
balanced perspectives among participant differences. Similar
themes were discovered in the three main groups. Participants
ranged in age from 25 to 64 years old; with 14/30 (47%) being
between the ages 45-54 years old (see Table 1). All participants
had some college education with the greatest percentage 13/30
(43%) having attained abachelor’'s degree. Income ranged from
US $25,000-$149,999 per year, with the largest number of
participants (n=12) reporting earning between $25,000-$49,999.
Participants varied in self-reported health ratings. Health rating
responses were divided evenly among the “fair”, “good”, and
“very good” categories with no respondents rating their health
as"“poor”, and only 2/30 (7%) rating their health as“ excellent”
(see Table 2). Over half of the participants 19/30 (63%) stated
they were living with at least one chronic condition and 7/30
(23%) reported living with more than one condition. Asthma
was the most frequently identified chronic illness 9/30 (30%),
followed by obesity 7/30 (23%), arthritis 4/30 (13%), diabetes
3/30 (10%), heart disease, cancer, and prediabetes 1/30 (3%
each).
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Table 1. Demographics of focus group participants (N=30).

Miyamoto et al

Characteristics Responses
n (%)
Age
25-34 3(10)
3544 6 (20)
45-54 14 (47)
55-64 3(10)
Missing 4(13)
Gender
Male 6 (20)
Female 24.(80)
Race/ethnicity
White 19 (63)
Black or African-American 6 (20)
Asian 3(10)
American Indian or Alaska Native 2(7)
L atino/Hispanic/Spanish 4(13)
Missing 13
Education
Some college, but no degree 8(27)
Associate degree 3(10
Bachelor degree 13 (43)
Graduate or professiona degree 6 (20)
Income (US $)
25,000-49,999 12 (40)
50,000-74,999 3(10)
75,000-99,999 10 (33)
100,000-124,999 4(13)

Participants Mobile Technology Use

Regarding their experience with technology, the majority of
participants used mobile phone technology 22/30 (73%) and
self-identified as being comfortable with technology. Half of
the study participants had used a health-related app prior to the
focus group 15/30 (50%). All of the participants who attended
the group had heard of, or used, a pedometer in the past. Most,
however, had not used specialized mobile health activity trackers
such as FitBit, Nike Fuel Band, or other devices that measure
activity, although they were aware of the technology.

Driversfor mHealth Technology Use

Participants were introduced to avariety of mHealth technology
and were asked to reflect on what factors would encourage or
discourage them to use these tools for health improvement.
Their initial reactions often focused on the practical dimensions
of the technology. Specifically, they considered their daily

http://mhealth.jmir.org/2016/1/e5/

activities and thought about how the technol ogy might support
or augment their current health tracking and monitoring
approaches. For example, some participants suggested it was
important for the mHealth datato be reliable, such as capturing
distance accurately during an exercise session or measuring all
of their activities; others emphasized that the device needed to
be functional and intuitive. As one participant explained,

| think ease of use compl etely determineswhether I'm

going to use it or not because I’ ve had lots of apps,

and if they're not easy to use, and not easy to

[navigate] and they can't search...you know, forget

it. I'll stop using it. [Female, age 45-55]
Although participants described a wide range of drivers they
thought would impact their use of mHealth technology, we
focus here on two interdependent, overarching
themes—integration and control—that shaped their reflections.
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Table 2. Technology experience and self-rated health of focus group participants (N=30).

Characteristics Responses
n (%)
M obile phone owners
No 8(27)
Yes 22 (73)
Self-reported overall health
Poor 0(0)
Fair 8(27)
Good 9(30)
Very good 11(37)
Excellent 2(7)
Chronic disease
Yes 19 (63)
No 11 (37)
Types of mobile apps used to reach health/wellness goals
Exercise apps 12 (40)
Improved nutrition apps 9(30)
M editation/stress reduction apps 2(7)
Sleep apps 3(10)
Haven't used a health-related mobile app 10(33)
Other (mood tracker, exercise plan/reminder) 4(13)
None 5(17)

Integration

The first theme, integration, represents the idea that mHealth
technol ogy needsto connect with or complement existing habits
and tools. For instance, many participants said the mHealth
device should not be redundant with other devices or be
something extrathat they would have to do. If they already had
health tracking tools, they wanted the technology to be
integrated with those devices. The most commonly described
health tracking tool used by participants was the smartphone.
Although not everyone had smartphonesin the focus group, the
idea of a single integrated device that could capture a range of
datain a single platform was appealing.

In addition to wanting data tracking capabilitiesto beintegrated,
participants also suggested that data storage and visual display
of progress should also be integrated. There was general
recognition that the data collected during the course of daily
life held value not only as a persona gadget to self-gauge
activity, but as an important window into health and overall
functioning. Many of the participants had health and medical
information collected through a personal health record and
thought the integration of health behavior tracking with their
health record could provide a more complete picture for
themselves and their health care provider. As a participant in
one group explained,

[1t would be good] to integrate everything together,
so, you know, aswe get older and have variousissues

http://mhealth.jmir.org/2016/1/e5/

and problems that our physicians have access to
information about our exercise, diet, etc, etc and [be
able to] bring all that together. [Male, age 50-60]

Another participant agreed saying,

And it would just be great to have, in a perfect world,
everything all integrated so that my health is a full
picture. [(Female, age 35-45]

Control

A second overarching themein the focus groups was the desire
to control the data that would be collected and shared. Some
participants wanted to collect an abundance of information such
as blood pressure, heart rate, sleep, or mood, whereas others
said they wanted minimal information such as calorie intake or
energy expended because they would be overwhelmed by too
much data.

Look if you give me too much data, you' re just gonna
make me crazy. Period. | won't be ableto track it; it
wouldn’t do me any good. I'll get frustrated and I'll
probably [stop using it]. [Female, age 40-50]
Equally important was the desire to control the type and level
of data that would be shared with others, including social
network groups or members of their health care team. The
majority of participantsin the focus group did not want to share
their health information through social media networks unless
it was shared with a group working toward acommon goal that

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |€5 | p.48
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

could offer support and motivation. However, without exception,
participants thought that the option of sharing their information
with health providers was useful. There was some concern,
though, asto whether shared data could be potentially available
to insurance providers, who might exercise punitive premiums
related to negative data. A participant explained,

Right, who has access to the information? Is it
protected? I'd like it to be spelled out for me. “ No,
this cannot be included on any chart that’s going to
go to an insurance company or go to whatever” But,
if it's not clear, then you know, | would probably shy
away from [using the technology] until | could be
assured that it couldn’t hurt me. [Female, age 40-45]

Sustained M otivation and Engagement: Data Are Not
Enough

Beyond the practical features identified by participants as key
to encouraging initial interest and use, they discussed how
mHealth tools could motivate them to work on health behavior
change. In these conversations, it became clear that for most
participants, tracking and collecting data were not enough to
promote sustained engagement. Participants described needing
additional support or structure to help them understand the
broader meaning and implications of the data. In discussions
of how they might make sense of mHealth data, the importance
of context emerged.

Adding Context

Asaparticipant said, “ Unlessthere’s context to [the data], unless
you pull it together and give me some context, | don’t want to
sitand figureit out.” Context, asit wastalked about in the focus
groups, was a sense making activity that included some
combination of education and health expertise and could be
provided by the mHealth tool or a health care provider.

Context often meant providing information or education that
participants were not already aware of, such as whether or how
their exercise or sleep habits affect their mood or health. A
participant explains how moreinformation would help her place
her sleeplessness in context,

Ah, sleep, for me right now, I’ ve gotten blind-sided
with hot flashes, and you know, | would be really
interested to see how often a night I’m woken up by
this, how long the hot flash lasts, you know, how it
disrupts my sleep because I’'m usually a really good
sleeper. Then maybe, you know, seeing things that
might decrease it. Like if | exercise more. [Female,
age 40-50]
Some individuals suggested the context could be built into the
mHealth device. For exampl e, one participant described wanting
an app that could shift her understanding and provide new
context to her nutrition habits,

| think it would be cooal, if there was a device where
we can put on a daily basis like what our calorie
intake[is] and then the device could calculate calorie
intake with your age, your weight, your physical
activity. And let’s say | had 2 bowls of chili for today,
and so it will say, “ Hey, [name], maybe you should
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run for 5-1/2 miles to burn whatever calories, you
know, that you should burn.” [Female, age 35-45]

Although some participants, like the one above, emphasized
present context, others wanted the device to provide historical
context (ie, to compare their current activity to their past
activity). As amale participant explained,

| think for me, I'd much rather have something that
could go and ping me when | need it.... Where [the
device scans] the data, and it sees that 10,000 steps
a day iswhat my average is and suddenly I've got a
week of, you know, 7500, 8000. “ Hey how are you
feding? What's going on?” Where | can respond
back, “WEll, I've been sick;” or “ Got a big project
at work and I’'m sitting down..” [Male, age 40-45]

Adding Health Care Partner ships

In addition to discussions about the data not being enough, for
some participants, the mHealth devices were not enough to
encourage or reinforce behavior change. An active subset of
the participants did not want to “figure out” the meaning of their
mHealth data on their own. Many were not confident that they
would either be able to synthesize the different data elements
to understand how it relates to their overall health or that they
would have the expertise to know what small changes they
might implement to see progress toward their health goals.
Noting the limitations of mHealth apps, even those that might
be set up to send personalized messages, one participant said,

[A] device could [send]...a simple text like, “ Hey,
great job on climbing 25 stairs yesterday,’ or
whatever it may be, you know. So encouragement like
that through your device could be useful, but | think
to be successful you're going to have to have some
type of interaction with somebody else...because
everybody knows kind of what their motivations are,
but you also know how easy it is to fall into those
pitfalls. [Male, age 30-40]

To sidestep potentia pitfalls, participants highlighted the
importance of interaction, not with the device, but with ahealth
professional to provide context or meaning to the data. As
another participant described,

[A health provider] could give me context about oh,
thisis, you know, the stuff | can’t see maybe, and then
kind of tease that out a little bit and say, “ Well, you
know, you seem to be doing good in this area. How
did you feel about how you were doing? But, you
know, | notice that your blood pressure has been up
or are you taking your meds, or have you been
stressed out at work or what's up?” You know, those
kinds of things | think, but absent one or the other, |
think thereislikea piece missing. [Female, age 50-55]

In this understanding of the health care partner’srole, they are
not only helping to motivate, but they also provide expertise
and help make sense of data. Even more broadly, some saw the
inclusion of data as a first step of initiating a “wellness’
conversation with a health provider.
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I’m tracking all of this stuff, but having somebody

say, “ Yes, this age group suffers from this. Yes, but

thisiswhereyou arewith it. These are the thingsthat

you can do and yes, you're on track with that” That

confirmation means everything | think in treating

one’'s wellness....I think everyone looks for that

confirmation or the extra knowledge that they are, |

use the word on track, that they are doing the right

thing to improve their own health. [Femae, age

45-55]
Some parti cipants rai sed concerns about whether their providers
had the time or interest to review a patient’s personal health
goals and the corresponding data, especialy given the time
constraints of many primary care providers. In discussions of
whether the health professional needed to betheir primary care
physician or whether someone else on the health team could
interact with them around the data, participants were open to
nurse health coaches, nutritionists, or others who were seen as
having expertisein assisting with health self-management. The
participants had significant interest in health coaching, which
we presented as a partnership where a nurse coach works with
someoneto set short-term, reasonabl e, and attai nable goalsthat
are patient-centered and monitored over time.

Finaly, it is worthwhile to note that not all intended users
wanted or needed their data connected to context and meaning.
A few participants, for example self-described athletes, were
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confident they were meeting and often exceeding their own
health goals. They reported being highly aware of their activity
and health behaviors and suggested that they did not need
external context. These participants often were already tracking
multiple physical activity performance measures through
commercially available sensors or apps on their phone.

Discussion

Principal Findings

In our study of potential users of mHealth technology, our
findings confirm previous research, which suggests that for
potential users of mHealth technology, integrated technology
and control are key elementsfor acceptance and use[3,5,10,11].
Most notablein thediscussion for control over datasharing was
that there was essentially universal interest in sharing al
collected activity data with health care providers. Moving
beyond prior research, we aso found that study participants
envision mobile support that goes well beyond data collection.
Our findings suggest that to engage, encourage, and activate
individuals to make positive changes in their health behavior,
mHealth technology that only tracks and reports data may be
insufficient. To maximizethe usefulness of the data, focus group
participants suggested that the data needed to be placed into
context, given meaning, and ideally integrated with their health
care data so they can receive individua support and guidance
from a health care partner (see Textboxes 3 and 4).

Textbox 3. Patient identified drivers for use of mHesalth technology to promote health behavior change.

1. Integration with:
«  Existing technology
o Personal health records

2. Control of:
« Datacollected
«  Datashared- type, detail, and with whom

Textbox 4. Patient identified needs to sustain use of mHealth technology to promote health behavior change.

1. Adding context/meaning through:
o Information/Education

. Awareness

2. Adding health expertise/partnership for
« Datasynthesis
«  Goa setting for incremental success

« Informed, tailored, regular feedback

«  Trendsto understand relationship between behavior and outcomes/symptoms

«  Confirmation of value and importance of patient-centered behavior change work

Context and M eaning

Context and meaning can develop through multiple avenues.
Individuals may find meaning through heightened awareness

http://mhealth.jmir.org/2016/1/e5/

of their current behavior, through new understanding of how
specific behaviors impact their experience of heath and
wellness, or through partnerships with members of the health
care team who can help interpret patient generated data.
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Participants in this study identified context as a key ingredient
for adding value to the data, supporting the theory of
“sensemaking”, which highlights that making sense of
information requires a process of “acquisition, reflection, and
action” [4,34,35]. Sensemaking theory suggeststhat peopleuse
information gathered through their experiences, and if they
derive meaning of those experiences in relation to their
environment and actions, it allows them to better predict how
to make changes and respond to similar situationsin the future.
Simply collecting patient generated data is only the first stage
of the sensemaking process. As our study participants noted,
and sensemaking theory suggests, there needsto be opportunities
for both reflection and action on information obtained. Often
there isagap in an individual’s ability to synthesize the data
and abstract the meaning that may lead to new understanding
and ultimately to change. For instance, it may require multiple
points of data collection, reflection over time, and consolidated
feedback of data to determine if a specific individual sleeps
better on days when he or she engages in a vigorous exercise

session.

How reflection and action occur will vary depending on the
ability of the individual to synthesize and understand how the
data relates to their health and behavior. A recent study found
that as individuals conduct exploratory causes of changes in
health outcomes, they seek affirmation from social networks or
their health care provider that they are, in fact, ontheright track
as they implement changes [36]. If, as many suggested in our
focus groups, help is required to synthesize data and create
meaning, this could theoretically either be built into device
responses or occur in partnership with the individual through
collaboration with amember of the health careteam. A “ patient
work” design framework, as outlined by Valdez et a [37], isin
alignment with our findings. Specifically, this framework calls
for design to include context-sensitive al erts, tailored education,
feedback, and personalized settings to support the creation of
technologies that are patient-centered [36]. Additionally, we
found evidence that some mHealth users may benefit from a
“patient-provider” design framework, a design strategy that
places the patient-provider relationship (not only the patient)
at the center of sensemaking. Potential users not only believed
that data gathered from their daily activities were important as
they work to make healthy choices, but they also saw the data
as awindow into their health overall and, therefore, felt it was
important for it to be shared with their health care provider.
Building on the patient work design, a patient-provider design
could have context-sensitive a erts, education, and personalized
settings, yet the summary of these interactions and outcomes
would be viewable by both patients and health providers so they
may share patient-generated health information, leading to
collaborative reflection and action.

The patient-provider design isashared partnership design with
foundational elements originally described in the Chronic Care
Model [38]. A recent adaptation of the origina model, the
eHealth Enhanced Chronic Care Model [39], highlights the
importance and integration of eHealth components (Internet,
social networking, electronic health records, mHealth, and
patient portals) into the Chronic Care Model [38]. The elements
identified by our participants directly map onto the elements of
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this model in that they identify a need for education, support,
and guidance to be readily accessible to them within their
community and outside of traditional officevisits. Additionally,
participants cited their desire to have the data they generate
during their daily activity integrate into their electronic health
record specifically so their health care provider could view their
activity and provide regular, timely, informed, and personalized
feedback to help them reach their goals.

Limitations

This research was exploratory and had several limitations. One
of the limitations was that we asked participants to speculate
on what they wanted from mHealth technology. We did not
have amobile health platform for them to test, so they may have
had different reactionsto the technology if they wereinteracting
with it. We a so were not able to test whether their understanding
of motivation would in fact motivate them to use the mHealth
technology. In future studies, wewill interview individualswho
have used a specific technol ogy during and after theintervention
to get a more complete understanding of how mHealth might
be able to help with behavior change.

A second limitation relates to the sample of respondents
participating in this study. Participants were selected from a
convenience sample of health system employeeswho responded
to a study advertisement. The participants in the focus groups
likely had ahigher education, were morefamiliar with the health
care environment, were more comfortabl e with technol ogy, and
had higher income than would be expected in a general
population. Similar to other studies related to physical activity,
more women participated than did men [39-42]. In our focus
groups, both women and men suggested the desire for context
and health care partnerships. If more men wererecruited for the
focus groups, we may have seen some variation in the types or
levels of partnerships they desired as compared to women.
Additional research is needed to explore the generalizability of
our findings to other populations, especialy if mHeath
technology will be used in older populations, lower income
groups, or popul ations | ess experienced with mobile technol ogy.

Design Consider ations

The findings from this study related to integration suggest the
need for consolidated information in one easy-to-access|ocation,
with meaningful data pointsthat correlate to other measures of
health. The most often identified solution by participants was
to link mHealth data with patient portals or persona health
records connected to their health system. Issues of control were
considered satisfied if sharing rules could be set by the user
related to which data elements were shared with each personin
their network. When considering the exchange of data with a
member of the health care team, there was less concern about
sharing all relevant data gathered aslong asthere was assurance
therewould not be punitive insurance premiumsfor “bad data” .
Use and sharing of data would need to be defined and made
clear to usersjoining programs where data are incorporated or
shared with their health system to alleviate those concerns.

If the findings from this study are to be incorporated into a
mHealth intervention design aimed at behavior change, there
are a number of chalenges. Bringing patient-generated data
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into closed electronic health record systems presents significant
security and system challenges, which must be addressed to
providethe desired level of integration identified in our findings.
Determining how best to distill big data streams to the
right-sized, meaningful summary data that are actionable and
can be readily available to both patients and clinicians is also
essential.

In addition to technical challenges, there are other clinical
considerations that must be explored. It is imperative to
determine whether providers believe patient generated datawill
augment patient care, and if so, what data are important, how
much they would like to see (summary vs granular), how the
data should be displayed, and how this additional information
would fit within current patient care workflow. Importantly, as
the above challenges are considered and solutions are found,
we must determine how to evaluate the impact of the tools and
system integration on the patient experience and outcomes.

Finaly, it is important to acknowledge that patients are only
one part of the eguation in the use of mHealth. Devel opment
of mHealth technologies requires an iterative process of
obtaining information and guidance from key stakeholders
(patients, information technology specialists, and providers),
identifying and potentially repurposing existing technology,
designing user-friendly systems and taxonomies for data
collection and analysis, integrating with health system interfaces,
and testing through interventions or randomized trials.
Additional structura factorsalso would need attention, including
deciding which health care activitiesare tied to reimbursement,
how health care providers are educated to interact with patients
and with other members of the health care team, the culture of
medicine and health care (for example, the attention to wellness
vs disease), the mode and/or location of health care delivery,
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and liability issues associated with receiving patient-generated
data that might require timely provider action.

Conclusions

mHealth technol ogy to manage chronic conditions and improve
wellness is becoming ubiquitous. Yet this development is
occurring in large part independent of the health care system.
This study contributes to our understanding of the desired
technology and health care elements identified by potential
users, which can bridge the gap between persona technology
development and integration with the health care system.

Improved health outcomes are essential to encourage health
care providers, health systems, insurers, and funders to invest
in and adopt novel mHealth technologies on a broader scale.
Measurable outcomes will likely require sustained behavior
change from both patients and health providers. Because of this,
abetter understanding of the underlying motivation of intended
users of mHealth technology and health providers is essential
for intervention success. We must recognize, and address,
through programmatic and technol ogical design, thedriversand
barriers to technology engagement so that we ultimately offer
usersthe elementsto support and motivate them for the difficult
task of behavior change. At a basic level, the mHealth tools
offered to users should be intuitive, integrate with existing
technology, and should allow the user to control what data are
collected and shared. At adeeper level, theimportance of linking
data with context and meaning, suggests that mHealth
technology should ideally provide the user with some new
understanding of how their behavior affectstheir health. Finally,
to accomplish the goal of providing a fuller picture of health,
integrating daily health activities into the clinical record can
offer an opportunity for clinica reinforcement of health behavior
change.
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Abstract

Background: Guidelinesinthe United Kingdom recommend that medication titration for attention deficit hyperactivity disorder
(ADHD) should be completed within 4-6 weeks and include regular reviews. However, most clinicians think that weekly clinic
contact is infeasible, and audits have shown that this timeline is rarely achieved. Thus, a more effective monitoring and review
system is needed; remote monitoring technology (RMT) may be one way to improve current practice. However, little is known
about whether patients with ADHD, their families, and clinicians would be interested in using RMT.

Objective: To explore patients', parents’, and health care professionals' views and attitudes toward using digital technology
for remote monitoring during titration for ADHD.

Methods: This was a qualitative study, and data were collected through 11 focus groups with adults and young people with
ADHD, parents of children with ADHD, and health care professionals (N=59).

Results: All participant groups were positive about using RMT in the trestment of ADHD, but they were also aware of barriers
to its use, especially around access to technology and integrating RMT into clinical care. They identified that RMT had the most
potential for use in the ongoing management and support of ADHD, rather than during the distinct titration period. Participants
identified features of RMT that could improve the quality of consultations and support greater self-management.

Conclusions: RMT has the potential to augment support and care for ADHD, but it needs to go beyond the titration period and
offer more to patients and families than monitoring through outcome measures. Devel oping and evaluating an mHealth app that
incorporates the key features identified by end usersis required.

(IMIR mHealth uHealth 2016;4(1):€31) doi:10.2196/mhealth.5009

KEYWORDS

attention deficit hyperactivity disorder; mHealth; eMental Health; remote monitoring technol ogy; mental health services; qualitative
methods; feasibility testing; user requirements
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Introduction

Attention deficit hyperactivity disorder (ADHD) is a
neurodevelopmental syndrome characterized by 3 core
behaviors—inattention, hyperactivity, and impulsivity—and
affects approximately 5% of school-aged children [1]. Left
unmanaged, ADHD can result in impairments in multiple
domains, including academic performance, productivity, and
socia adjustment, and can lead to an increased risk of conduct
and personality disorders or substance misuse [2]. Medication
isthe most common treatment, with psychosocial interventions,
such as behavior training and parent training, being the main
alternatives [3]. Using digital technologies for eMental Health
(ie, the use of information and communication technologies
(ICT) to support and improve mental health, including the use
of online resources, social media, and mobile phone apps [4])
and mHealth (ie, mobile headth [5]), has the potential to
transform the delivery of mental health care by connecting
patients, services, and health data in new ways [6]. Certain
features of digital technologies target specific deficiencies for
people with ADHD, such as automated reminders and task
scheduling to support organizational skillsand immediate access
to avoid delay and waiting. They also offer the potential to
increase access to resource-intensive, and therefore scarce,
psychosocial interventions.

Developments of eMental Health for ADHD includedigital and
Web-based psychometric tools [7]; behavioral interventions
[8]; cognitive and biofeedback training packages (some with
game-like features) [3,9]; and computerized cognitive
assessments[10]. While there is some evidence emerging about
these approaches, they remain largely experimental, and have
limited alignment to clinical practice [3,9]. For example, the
delivery of synchronous and asynchronous behavioral
interventions for ADHD with patients and parents has been
found to be acceptable, feasible, and effective[8]. Similarly, in
child and adolescent mental health services (CAMHYS), recent
research has shown that eMeasures (ie, outcome measures
delivered electronically) are perceived positively by patients
and clinicians, and tend to have significantly higher completion
rates than do the standard approaches [7,11].

Internet availability and mobile devices are now within the reach
of most of the population, enabling new systems of health
monitoring to be considered without the previous problem of
excluding large sections of the population. In the United
Kingdom, 85% of all adults have household access to the
Internet, and this rises to 94% among 16-24 year olds;
furthermore, mobile Internet appearsto have the fastest growing
audience (an increase of 11% from 27.2 million unique users
in March 2103 to 30.2 million by March 2014) [12]. By March
2015, 66% of all adults owned amobile phone; among younger
age groups, therewas nigh-universal ownership (87% for 25-34
years, 90% for 16-24 years) [13]. The mobile phone apps for
ADHD currently available through commercial app stores are
primarily toolsfor self-testing and information and management
strategies, task and scheduling aids, and brain training games
(according to a review of the Google Play and iTunes stores
performed in August 2015). While most apps target patients
and provideinformation and non-clinical advice, asmall number

http:/mhealth jmir.org/2016/1/e31/
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target clinicians to provide support for treatment decisions.
However, most apps have been developed outside of clinical
environments and few are supported by an evidence base [14].
Neither is it clear whether potential end-users have been
involved in the design and development of these tools. Given
theselimitationsin thisand other health areas, serious concerns
have been raised about the safety, usability, and effectiveness
of unregulated health apps[15].

In the United Kingdom, an identified unmet need in ADHD
treatment isthe delay in reaching the optimum dosefor patients
commencing medication (personal communication, unpublished
audit, Hall, 2015). During initial medication titration, the
National Institute for Health and Care Excellence (NICE)
ADHD Guiddline [1] recommends that progress be reviewed
regularly, such as by weekly telephone contact and at each dose
change, and that the entire process should occur over 4-6 weeks
[1]. However, weekly contact during titration is not viewed as
feasible by most clinicians in the UK National Health Service
(NHS) because of time and resource constraints (personal
communication (unpublished audit), Hall, 2015). Evidence from
the landmark Multimodal Treatment Study of Children with
ADHD in the United States [16] highlighted the importance of
high quality medication management in ADHD, including
carefully monitoring individual dose titration with regular
follow-up, infacilitating better outcomesfor patients. Therefore,
a more effective system is needed to ensure that patients are
monitored closely but without increasing the strain on clinic
resources.

Remote monitoring technology (RMT) isameans of collecting
physiological or health-related data from individual s passively
or by their active input on an el ectronic device, such asamobile
phone, and relaying these data over an internet or phone
connection to a remote server. Given the ubiquity of maobile
device use and Internet availability in the population, the
conditions for using RMT as an adjunct to traditional models
of service delivery appear better than ever. Using RMT offers
apotential solution to delaysin titration currently experienced
in the NHS. However, little is known about whether patients
and health care professionalsin the NHS context would support
theintroduction of RMT to aid treatment monitoring for ADHD.
Moreover, there is a need to ensure the quality of any RMT
products and that patient and families’ needsremain at the center
of any technology development and implementation [17].
Therefore, the aim of this study was to explore patients,
parents’, and health care professionals' viewsregarding the use
of RMT during medication titration for ADHD.

Methods

Design and Context

We conducted an exploratory cross-sectional focus group study
with patients, parents, and health professionals. Focus groups
were chosen as the preferred method of data collection for this
study because they enable an exploration of experiences and
views and facilitate discussion between participants on atopic
of shared interest [18]. The setting was 4 NHS mental health
provider areas in the East Midlands region of England, the
United Kingdom. Anindustrial partner [19] developed aninitial
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prototype RMT system, which was used as a vehicle for
exploring participants' views of this technology.

The prototype RMT enabled automated text messagesto be sent
to patients who were invited to complete Web-based versions
of routine outcome measures (ROMs) to monitor symptoms
and side effects. The system comprised a clinician dashboard
where patient details were entered and the specific ROMs
required for each individual patient were selected. The
dashboard indicated when patients had compl eted their measures

Simonset al

and showed red flagsfor any issues of concern. TousetheRMT
patients required a mobile phone to receive text messages and
activate the links to the Web-based versions of the ROM. Once
completed, the data were relayed back to the system server and
the clinician dashboard updated. The primary am of the
prototype was to enable the clinic to receive information about
responses to and side effects of medication during the titration
period in addition to that obtained from face-to-face
appointments. Screenshots of the prototype are displayed in
Figures 1-3.

Figure 1. Screenshot of the prototype RMT: Text message received by patient.
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Figure 2. Screenshot of prototype RMT: Example ROM.
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User Involvement in Study Design

Before undertaking the focus groups, a workshop was held to
icit feedback on the prototype RMT system from potential
end-users. It was attended by a young person with ADHD and
his parent, 2 adultswith ADHD, 1 psychiatrist, 1 psychologist,
and 1 medical technology researcher. Thisworkshop identified
key factors to explore in more detail in the focus groups. The
experience of the workshop suggested that demonstrating the
prototype system during the focus groups would risk diverting
attention away from the primary research purpose. This was
primarily because the “on-boarding” process for the prototype
RMT was lengthy—individual patient details needed to be
entered into the clinician dashboard and patients needed to both
receive and reply to SM S text messages. In the short time we
had availablein the scheduled focus groups, we determined that
this process would dominate the session and limit the time
needed for exploring participants views and acceptability of
the general concept of RMT. Therefore, we decided not to use
the prototype RMT in the focus groups, but instead created
printed materials from the system to aid in discussion (see
Figures 1-3).

Participants

The study sample comprised 8 young peoplewith ADHD (YP),
11 adultswith ADHD (adults), 9 parents of children with ADHD
(parents), and 31 health care professional s (HCP) working with
people with ADHD (see Table 1). Y P, adults, and parents were
recruited through 2 routes: NHS ADHD clinics (CAMHS and
community pediatrics) or community ADHD support groups.

Inclusion criteria were a self-reported diagnosis of ADHD or
having a child with a self-reported diagnosis of ADHD. This
was checked by asking participants to confirm where they had
received the diagnosis (90% had received it in NHS clinics and
10% in private health care facilities). HCPs were recruited by
the local investigators at each NHS provider organization. The
criterion for inclusion was employment in a service treating
people with ADHD. A purposive sample of HCPs was sought
to reflect the range of staff involved in medication management
in clinical settings and implementation of any new systems.

Procedure

Eleven separate focus groups took place in areas with variable
relative deprivation including inner cities, post-industrial towns,
and semi-rural districts. They were held in locations convenient
to the participants (either NHS clinic or support group premises)
and took place between June and September 2014. Each group
was limited to a single participant type (see Table 1) [18] and
we aimed to hold at least 2 focus groups for each participant
type. We also made sure that each different mental health care
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provider was represented by at least 1 HCP focus group to
enable an exploration of any differencesin practice or attitudes
between the different provider organizations [18]. The YP
groups lasted for 45 and 50 minutes, while the groups with
adults, parents, and HCPs lasted 75-90 minutes.

The study received ethical approval from the UK National
Research Ethics Service Committee South Central - Berkshire
B (ref 13/SC/0641). Information about the study was sent to all
potential participants before the scheduled focus group date. At
the beginning of each session, the study was explained to
participants and any questions were answered. All adult
participants gave their written informed consent to take part.
Parents of the YP aged under 16 gave their written informed
consent for their children to take part, while the Y P gave their
verbal assent. YP, adults, and parents were all given a £20
shopping voucher as areward for their participation. HCPs all
took part during their usual working times, so no remuneration
was given to them.

Each focus group was facilitated by 2 members of the research
team. One member brought domain (insider) knowledge about
ADHD (ZY), whilethe other brought methodological (outsider)
knowledge about focus groups (LS or MC). The facilitators
sought to remain “background figures’ [20] in the groups,
guiding the process, rather than leading it. Moreover, theinsider
(domain) and outsider (methodological) perspectives were
combined to ensure the discussions remained focused on the
core topic while ensuring that researchers could still seek
clarification on assumed knowledge and implied meanings
between those with common experiences.

The discussions were guided by a topic schedule covering 4
key areas: using technology for health; medication titration
experience/practice; remote monitoring for effects and side
effects; and aspirationsfor using technology to manage ADHD
(see Appendix 1). Drawing on best practice advice for focus
groups[20], and especially for young people[21], weincluded
different activity-oriented questions in each group (see Table
2). These were designed to enrich the data collected, make it
easier to talk about sensitive topics (for example, medication
taking), and, importantly for our participants, reduce lapsesin
attention [22]. Some of these activities were designed to ensure
that participants could express their views individually, and
thereby avoid inadvertent acquiescence bias to the researchers
or censoring by the other participants. Although 2 of the focus
groups had only 2 participants, the discussions were similar to
those in the larger groups in that they were highly interactive
and yielded equally rich data. Participants also completed a
short questionnaire on their demographic characteristics and
current technology use.
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Table 1. Number of participants in each focus group by study area

Simonset al

Site Health care professionals Adults

Young people Parents Total

Site1 9? 4
Site 2 7 7
Site 3 7 -
Site4 8 -
Total 31 11

2 2 11

8 9 59

8Two focus groups were held with health care professionals at Site 1: 1 with 3 participants and 1 with 6 participants.

Table 2. Overview of the activity-oriented questions included in the focus groups

Activity

YP Adults Parents HCPs

Warm-up “rapid-fire” quiz
Data visualizations

Ideas on sticky notes
Rating personal experience
Personas and scenarios

Prototype screenshots

O

O 0o o g

g
a
g

Data Analysis

All focus groupswere audio recorded and transcribed. Adopting
an applied approach [23], thematic analysis [24] and charting
[25] were used to search for data patterns within and across the
different participant groups. An initia coding frame was
developed by 2 researchers (LS and AV), one of whom had not
been involved with data collection. Thisincluded independent
open coding of 4 transcripts each and joint discussion to agree
on acomprehensive coding frame. Through constant comparison
[26], all data were coded into the coding frame, which was
iterated when required and reapplied to the earlier transcripts.
The initial coding of the 4 transcripts (representing
approximately 35% of the dataset) was cross-checked for
reliability; thisyielded 93% agreement (k=0.922, P<.001). Once
all of the data were organized into the refined coding frame,
members of the wider research team (LS, AV, CF, and MC)
engaged in detailed discussions, which led to the identification
of overarching, interpretative themes. These themes aimed to
capture the essence and strength of the participants’ experiences
and views; by assigning individual codes to these themes, we
were able to maintain a close fit between the data and the more
abstract, interpretative themes. Theme-level matrixes[25] were
created to compare the nature and distribution of the data across
the participant groups.

Questionnaire data were entered into a database and analyzed
in SPSS 21 (IBM) by 1 team member (CF).

http:/mhealth jmir.org/2016/1/e31/

Results

Overview

Table 3 summarizes the demographic characteristics of the 59
participants. Both the patient and parent samples were
predominantly white British, and were mainly male, and female,
respectively. In al groups, there was a wide spread of ages,
apart from YP, who were all aged 12 or 13 years. The HCP
sample included 9 medical staff and 15 non-medical clinical
staff, of which 11 were prescribers, 5werein non-clinical health
careroles, and 2 were IT managers.

Using digital technology was a frequent activity in all
participants’ lives. The vast mgjority of HCPs (27/31, 87%),
adults (10/11, 91%), and parents (7/8, 88%) used mobile phones
on a daily basis, whereas YP were more likely to use game
consoles (5/8, 63%) and tablet computers (5/8, 63%) on adaily
basis. Participants mostly used these devices to access the
Internet (54/59, 92%), while amajority also used them for apps
(39/59, 66%) and some adults, Y P, and parents regularly used
them for playing games (15/28, 54%).

The qualitative analysis resulted in 5 key themes (see Table 4),
2 of which related to treatment and support for ADHD (ie,
complexity of medication decision making and access to
diagnosis, treatment, and support), while the other 3 related to
the role of RMT (potential of RMT to support people living
with ADHD, barriers and limitations to technology, and
imagining the ideal app). These themes are described and
expanded on below, and are supported by key quotations from
the participants. Although all 4 participant groups provided data
to support al 5 themes, we highlight any discrepancies in
emphasis across participant groups in the theme description.
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Table 3. Participant demographic information

Simonset al

Participant Group Total Gender (fe- Age range (years) Ethnicity (white British)  Employment status (em-
male) ployed)

Health care professional 31 22 18-64 25 31

Adult 11 7 18-54 10 7

Young person 8 1 12-13 7 0

Parent 9 7 25-54 8 5

Table4. Overview of the analytic interpretative themes and contributing data codes

Analytic interpretative themes Subthemes

Contributing data codes

Complexity of medication decision making

Access to diagnosis, treatment, and support

Potential of RMT to support living with ADHD

Supporting greater self-management

Barriers and limitations to using RMT

Symptom tracking to improve the quality of
clinic appointments

Access to technology

Personal expectations of medications

M edication—decision making

Medication effects

Confidencein prescribing

Communication with education professionals
Questionnaires

Communication with patients

M edication—experience of titration
Experience of diagnosis (of ADHD)

Communication with health care professionals

Range of current use of websites

Range of current use of other technology
Anticipated impact—self management
Anticipated impact—health care consultation
Acceptability and receptiveness (positive)
Tracking

M edi cation—experience

Barriers and limitations (negative)

Perceived challenges of incorporating RMT

into clinical care
Imagining an ideal app Organization aid
Coach/supporter/
motivator

Content in ideal app

Reliable, trustworthy and tailored information

Monitoring and tracking side effects and

symptoms

Complexity of Medication Decision Making

Across the sample, experiences of the titration period were
mixed. Some participants were content with the speed of the
titration and their level of contact with the clinic, while others
believed it to be a lengthy period to attain an acceptable level
of medication effect (up to 18 months). Very few participants
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reported that titration had been achieved within the 6-week
period recommended by the NICE ADHD Guideline, and most
participants reported monthly or less face-to-face contact with
the clinic during titration. While few adults were satisfied with
this amount of contact, most of the parents were. In the adult
and parent groups, a visual scale was used for participants to
indicate their satisfaction with the titration process (see Figure
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4). This composite visualization (re-creasted to include all
participants’ responses and pseudonyms) shows a broad
variation in satisfaction.

HCPs generally reported that while titration may not always
meet NICE guideline timescales, their practice was as good as
could be delivered within current facilities and resources—more
frequent contact was prevented by limited clinic capacity or
high caseloads. Weekly monitoring and dose changes were
difficult to achieve as prescribers gathered information from a
number of sources (such as school reports) to guide their
decisions.

You need information from the young person, the
parent/carer, and ideally from the teacher, because
sometimes the young person doesn't realize that the
medication is beneficial but the parent does. [HCP,
Site 1]
Despite being optimistic about the effects of the medication
when first prescribed, many participants described difficulties
in deciding whether to start or continue with it. Adults and
parents wanted to achieve an acceptable balance of positive
effects and side effects.

It'sa balancing act of getting enough done...You need
to say when it is “good enough”. Not getting

Simons et al

everything done but weighing up the health issues
and side effects. [Adult, Site 1]

Because of these experiences, many participants chose when to
take (or give their child) medication. HCPs were aware of this
and had differing degrees of acceptance of this. Whereas some
supported the patient or parent taking control, others were
concerned about inconsistent medication taking.

The use of clinical rating scales (or ROMSs) to support titration
was not consistent acrossthe study sites; where they were used,
it was aways as an adjunct to the detailed, qualitative
information gathered in conversation and written school reports.

You can get a better understanding through a

telephone call and you can unpick things more in a

conversation, for example, a child is sleeping more

than they used to but not as much asthe parent would

like. [HCP, Site 2]
HCPs across all groups raised concerns about the validity and
reliability of ROMSs, such aswhether they are sensitive enough
to detect subtle effects. ROMs were also believed to become
less informative with repetitive use, open to manipulation, and
difficult to interpret when responses differed between
respondents (eg, parents, teachers).

Figure 4. Visualization of adult and parent satisfaction with the titration period. (Note: thisis a representation of data and all names are pseudonyms).

Accessto Diagnosis, Treatment, and Support

Despite the primary focus of this study being the use of RMT
during the titration period, the focus group discussions were
dominated by issues relating to access to diagnosis, treatment,
and support, especially for adults and parents. Participants
recalled the “frustrating” and “lengthy process’ of getting a
diagnosis and that it often took something “drastic,” such asa
“breakdown”, “meltdown,” or a number of job losses, before
they were taken serioudly. Adults specifically mentioned that
“getting someone to listen” or “having a doctor that believed
in [ADHD]"” was key to their diagnosis, as opposed to being
“fobbed off,” “labeled lazy and idle;" or “ [labeled as] naughty.”
The difficulties in access to diagnosis, treatment, and support
appeared to eclipse the experience of medication titration. By
the point of diagnosis and commencing medication, adults and
parentswere so relieved to have accessto treatment and support
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that the time needed to reach the optimum dose of medication
was of lessimportance to them. This experience was supported
by comments from some HCPs, as well.

My cases are usually diagnosed in adolescence so
they have been waiting for their ADHD to be treated
for years, so a few more weeks [for titration] is not
a big deal. The important thing is that the process
has started. [HCR, Site 1]

Although there were some examples of positive experiences,
most parents and adults highlighted substantial organizational
and logistical issuesregarding accessto treatment; in particular,
they cited long waiting times, brief appointments, lengthy
intervals between appointments, inconsistent doctors,
unpredictable communication, and frequent cancellations.

Both parent and adult groups expressed a need for further
support. One adult specifically reported “ I'mgetting down, I'm

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e31 | p.63
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

not coping. | feel like I've been left on my own a hit really”
[Adult, Ste 2]. In addition to support for side effects and
symptoms, participants expressed the need for “ reassurance”
[Parent, Ste 2], “someone there if you have a problem”
[ Parent, Ste 3], and “ information from someone who “ getsit”
more than professionals do” [Adult, Ste 1].

Potential of RMT to Support Living With ADHD

As described above, there was widespread use of
I nternet-enabled mobile devices, computers, and game consoles
across the sample, but their usein relation to ADHD wasfairly
limited. With the exception of YP, all other groups reported
using websites for ADHD information. Parents, adults, and
HCPs were cautious about Web information; they wanted to
access (or recommend) only trusted or reputable websites. A
small number of participants used existing generic mobile phone
functions to support daily activities (calendar, reminders, lists,
and timers). HCPs described how they sometimes recommended
general relaxation and meditation apps, rather than apps
specifically designed for people with ADHD.

However, across the whole sample, there were highly positive
attitudes toward the potential for RMT to play agreater rolein
the management of ADHD. Many participants reported that it
could improve communication with the clinic; furthermore,
participants across all groups saw its potential to (a) improve
the quality of the clinic appointments/consultations and (b)
support greater patient self-management.

Symptom Tracking to | mprove the Quality of Clinic
Appointments

Parents, adults, and HCPs thought that using RMT would save
timein clinic appointments by enabling a quicker review of the
patient’s recent history and thereby swifter identification of
what matters most to the patient/parent.

Thisway you can look back over the previous 4 weeks
or 3 months and focus on questions such as—" you
scored sleep a 2 here, what was happening at thetime
that made it so unsettled?” It should help parentsto
be more productivein giving the infor mation we need.
[HCR Site 3]

Participants a so thought that data collected contemporaneously,
rather than retrospectively, would not be biased by patient recall
and sel ective memory.

Supporting Greater Self-Management

Participants saw the potential for RMT to provide the ability to
easily monitor symptoms, chart them over time, and identify
any patternsor unusual behaviors. Thiswould increase people’s
knowledge, self-awareness, and understanding of and confidence
in dealing with their condition. All of the groups also saw the
potential for RMT to offer personalized feedback in response
to patient-entered data. This could be used for reassurance, to
avoid unnecessary contact with the clinic, and for motivating
feedback to reinforce positive behaviors.

It could be a bar with red at the bottom and green at
the top and a little person and after each check-up,
it moves up or down to show how well you are doing
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so it gives you the opportunity to realize and change
it. [YPR, Site 3]

Sometimes | think 1I'm doing well for a few weeks,
then | look back and realize | wasn't. Something to
help me accurately monitor that. That in itself would
be an aid to the medication... so you can look back
and see what you' ve done well and what things you
need to concentrate on doing better. [Adult, Site 2]

While participants broadly welcomed the concept of RMT,
specific feedback on the prototype pointed to some important
limitations in this approach. For YPB, adults, and parents, the
prototype did not alow them to retain and use their own (or the
child’s) data, and therefore was unable to realize their vision of
its supporting greater self-management described above. For
HCPs, the primary issue was that the prototype was perceived
as onerous to use and difficult to incorporate into current
workflows (for a further description of this, see the “Barriers
and limitationstousing RMT” section below). They emphasized
the need for an RMT that saves clinician time rather than adds
toit by requiring additional management outside of the current
electronic patient record.

Barriersand Limitationsto Using RMT

The barriers and limitations to using RMT were highlighted in
all focusgroups, although HCPsforesaw morebarriersthan did
parents, YP, or adults.

Access to Technology

Although most participants used Internet-enabled mobile
devices, they thought that other people might have had
difficultiesin physically accessing the technology or having the
necessary skillsto useit. Thisincluded accessto mobile devices,
especially ones that would support any new app/software (all
groups); access to phones when at school (YP); access to
wireless Internet in different locations (YP and HCPs); and
capability for interoperability with NHS hardware (HCPS).

Perceived Challenges of Incorporating RMT Into
Clinical Care

RMT was seen asapositive addition to the clinical processonly
if it “ addsto what'sthere already...not if it's used as an excuse
to seepeopleless’ [Adult, Ste2]. HCPswere keen on receiving
digital information that coincided with patients’ appointments,
but noted that “ if you start getting notifications about patients
from another area clinic it will take up too much time” [HCP,
Ste 3], and stressed that all of their time spent dealing with
digital databe accounted for and appropriately factoredinto the
provider contract. Confidentiality of personal data and privacy
was discussed by several groups, as was the need to consider
information governance problems and to protect young people
from any harms arising from digital tools.

Some HCPs and adults were concerned with providing
information digitally to clinics, as it may not be responded to
promptly, whereas a phone call would be more likely to elicit
aresponse. Othersfelt this could be useful information, aslong
as it was understood that the information might not be seen
immediately and that patients should be directed to alternative
sources of support when needed.
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Imagining an Ideal App

Participantsacross all groups were keen to imagine and discuss
the functions of their ideal mobile phone app for ADHD. There
were similarities across groups regarding the proposed primary
functionsaswell asthe preferencefor personalization, regarding
both users’ ability to control settings and to receive tailored
responses. Y P also wanted any tool intended for daily useto be
“challenging... and funny” [YP, Ste 3]. Taken together, the
feedback on the prototype RM T and their views on an ideal app
pointstoward apreferencefor RMT to be controlled by patients,
rather than clinics. Four primary functions were identified:
organizational aid; a digita coach or mentor; reliable,
trustworthy, and tailored information; and symptom or side
effect monitoring.

Organization Aid
Organization aidswere frequently mentioned in all groups, apart

from YP. For example, 1 HCP thought that a reminder system
would be useful:

Thedifficulties| come across, [ arethat] young people

are on medication and they tend to run out at the end

of the month and their behavior will go sky high, and

it will take thema week to get all the medication back

into their system. | think it would be really useful if

somewhere in the app, say when they're...near the

end [they receive a message saying] “ You need to

put in a request for repeat prescription” [HCP, Site

3]
Parents supported thisidea, especially as Y P begin taking more
responsibility for managing their ADHD. Adultswanted support
with day-to-day tasks: “ something that helps you keep on task
and achieve goals...incorporating pre-set plans and lists of
tasks’ [Adult, Ste 2]. Another discussed the utility of atiming
app:

Tofigure out how long it takes you to do certain daily
tasks eg, showering. The app could then tell you what
time you would need to get up to get everything done
[Adult, Ste 1].

A Coach/Supporter/Motivator

Adults, YP, and HCPs identified potential features that could
act as a virtual “ coach” [Adult, Ste 1], such as providing
supportive statements and motivation:

[1t] could have some information based on how long
the process should take with messages such as“ you
may not be seeing any improvements yet, but stick
with it” ... or you could have messages to parents,
such as* Derek might be struggling thisweek” [HCP,
Site 3]

Reliable, Trustworthy, and Tailored I nformation

All participant groups suggested that the app should provide
reliable and precise information, based on both personal
experiences and professional knowledge. Information about
medications was in particular sought by adults, while parents
and HCPs wanted links to reputable sites and resources,
including existing apps and support groups, YP wanted
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information about ADHD books. HCPs suggested that an app
could give proactive advice about behavior, sleep, and diet.
They also felt advice should be targeted with frequently asked
questions and specific, tailored responses, such as*“ I’ mfeeling
dizzy—{ the] advice would beto go to see your GP” [HCP, Ste
4].

Monitoring and Tracking Side Effects and Symptoms

Therewas strong support across all groupsto track information
visualy, such asusing agraphtoillustrate changesin symptoms,
side effects, and behavior over time. YP suggested that
monitoring mood swings and side effects might be useful. HCPs
wanted the ability to monitor medication compliance and side
effects, as well as tracking behaviors such as eating, sleeping,
and drug and alcohol use during titration. The usefulness of
being able to link this information with life events was also
identified:

Graphs would be useful for example for... patients

who stop taking meds but parents and teachers say

they have improved. It might help to have the parent

and teacher graphsto see. [HPC, Site 4]

Adults wanted the mode of recording information to betailored
to individual preferences, for example, using smiley faces to
record mood, using the voice recorder, and linking with other
apps such as work calendars. HCPs felt it would be useful if
school staff could provide feedback through the app. Parents
were happy for YP to enter their own data when they were
mature enough, but a so wanted to provide feedback and report
how they themselves are doing.

Discussion

Principal Results

The participantsin this study reflect current trendsin technology
use[12,13], particularly with regard to their high use of mobile
technologies (eg, Internet-enabled mobile phones and tabl ets).
While few currently used these devices in relation to ADHD
(ie, patients or HCPs), we found widespread support for
augmenting ADHD treatment and support with RM T, eHealth,
and mHesalth apps. However, 2 important findings from this
study indicate that the purpose and functions of the initial
prototype did not align with participants’ priorities.

First, while our initial interest in conducting this study was to
explore how RMT could improve titration management, and
even though our findings support audit work suggesting that
the NICE guidelines are not currently met in NHS services
(personal communication (unpublished audit) by Hall, 2015),
few participants identified this as an area of high unmet need.
The exploratory nature of the study enabled new ideasto emerge
that moved us beyond titration. Through participants’ detailed
accounts, we identified 3 clear phases of living with ADHD:
initial assessment and diagnosis, starting treatment (including
medication titration); and ongoing support and management.
The group discussions with adults, YR, and parents were
dominated by their experience of thefirst phase—namely, trying
to access services and getting aformal diagnosis, as described
in our second theme (access to diagnosis, treatment, and
support). This adds to previous evidence of this being an area
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of high unmet need [ 2]. Once diagnosed, the experience of relief
and optimism was similar to that reported in other studies[27],
aswastheir recognition of thelong-term implications of ADHD
[28], the need for ongoing support in living with ADHD, and
the limitations of medication [27].

Second, participants identified that RMT’s greatest potential
was in improving ongoing support and management of ADHD.
The use of RMT to improve ADHD by continuing the health
care interventions between appointments has previously been
recognized [14]. In this study, 2 key advantages were
highlighted—tracking to improve the quality of clinic
appointments and support for greater self-management.

While there have been calls for increased use of ROMs and
clinical measures to enhance clinical practice [29], there are
several barriers to widespread adoption [30]. Some of these
barriers were identified in this study—specifically, increased
burden on clinics, questions about the clinical utility of the data,
and the need for information from a range of sources,
particularly regarding medication-decision making. It has been
argued that technology may make ROMs more useful by
providing datain aform that istimely and accessible by patients,
families, and clinicians[31]. Our findings support those of Hall
et a. [11], who found that regular monitoring using electronic
ROMs adlowed for tracking progress and facilitating
communication and engagement. As identified by participants
in this study, using mobile phone/tablet apps for completing
ROMs has the potential to save time for both clinicians and
patients [32] and may provide more accurate data than
paper-based questionnaires [33]; however, some academics
caution against simpletrandation of paper-based questionnaires
to digital formats without further validation [34].

Participantsin this study demonstrated apreferenceforanRMT
system that supports greater self-management—namely, one
that is patient-owned and controlled, such that patients/parents
can choose when and how to use it and specifically when to
share the information with their clinician. The widespread
adoption of mobile phones and tablet computers in the
popul ation makes them advantageous over other digital devices
as they are very portable and frequently in the owner's
possession throughout the day [15]. These devices afford the
opportunity for the use of low-cost appsthat can support clinical
management at any time of day or in any location [35] through
provision of trusted information, real-time monitoring and
symptom tracking, prompts and medication reminders,
personalized behavioral support, and communication with health
care services. However, the value of apps to the health care
system will only befully realized once the data generated from
them is shared between patients, carers, and clinicians to
improve their efficiency and quality of care.

Although there are some ADHD-specific mobile phone apps
available, we are not aware of any evaluations or evidence of
their clinical benefit. Research has shown that using generic
mobile phone features such as calendars, task lists, and notes,
with the support of a human online coach, can be effective in
managing ADHD symptoms[36]. Extending this approach with
a bespoke ADHD tool that incorporates the 4 key features
identified in thisstudy (organizational aid, virtual coach, reliable
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and tailored information, and monitoring and feedback) is
proposed as the next step for research. This tool also needs to
include positive reinforcement such as rewards for completion
and game-like features (a process called “gamification”) to
enhance user engagement [14], which could meet YP
requirementsfor any toolsto be fun and challenging. In addition
to rating symptoms and treatment progress monitoring, anRMT
system could complement therapy, psychoeducation, support,
and advice [37].

Our study has demonstrated the vital importance of developing
systems in collaboration with the end users. The next stage of
research and development for RMT for ADHD will beto adopt
well-established user-centered approaches with rapid, iterative
cycles of requirements elicitation, design, testing, and redesign
[38]. The findings of this study provide a strong foundation to
commencethis stage, and will also help with testing the efficacy
of the RMT during its development; this is a crucial part of
beginning to build evidence for the clinical effectiveness of any
new RMT.

Greater patient activation, including self-management and
self-monitoring, is a goal for many long-term conditions, not
only ADHD. The primary findings from this study—that RM T
has a place throughout the patient’s journey (not only targeted
a a single stage) and the overwhelming preference for
patient-controlled, rather than clinic-controlled systems—may
also apply across other neurodevelopmental and mental health
disorders. Our use of the HCP samplein this study adds support
to this point, asthey came from CAMHS and pediatric services
wherethey would treat arange of different conditions. However,
it will be important to test these assumptions with other
populations; in particul ar, the detailed user requirementsfor an
ADHD-focused RMT may not transfer directly to other
conditions and populations.

Strengthsand Limitations

By engaging with arange of participants, we have explored the
commonalities and differences across the key stakeholder
groups. We found universal support for technology innovation
acrossthese groups and identified their preferencesfor how this
could be implemented. Diversity with respect to gender, age,
and ethnicity across our sample was limited, meaning that we
may have missed some important perspectives. However, it
should be noted that the ethnic profile of our sample reflects
previous findings of studies of access to care, where white
children were twice as likely as access services than were
children from other ethnic groups [39].

By using a defined prototype as a discussion vehicle for RMT
within adefined clinical condition, we may have narrowed the
scope of the discussion and the ideas of what would be useful
or possible. For example, while access to diagnosis was
identified as the most significant unmet need, participants
aspirations for technological support focused on treatment and
support. However, many of the ideas proposed diverged from
the specific approach taken with the prototype, suggesting that
participants had clear ideasfor when and how technology would
be helpful to them.
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Conclusions themselves, and to have support in developing persona
strategies that fit with their lives. This study of patients,
parents’, and HCPs' views of using RMT for ADHD leads us
to the conclusion that atechnol ogy-based personalized approach
for living with ADHD, driven by user requirements, isrequired.
However, implementing RMT requires a key change in the
philosophy of health care from routinized clinic-centered care
to personalized patient-centered care.

The findings from this study strongly suggest that Y P, parents,
and adults with ADHD are looking for a more personalized,
responsive approach to ADHD treatment and support in the
long term. Patients and their families want more targeted
information at a time they need it most, to have control over
interventions including medication, to have facilities to record
and monitor personal and sensitive information about
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Abstract

Background: The increase in mobile phone use across the globe is creating mounting interest for its application in addressing
health system constraints. Although still limited, thereis growing evidence of successin using mobile phonesfor health (mHealth)
in low- and middle- income countries. The promise of mHealth to address key health system issues presents a huge potential for
the Pecific 1sland countries where mobile use has radically increased. Current projections indicate an improved information and
communications technology (ICT) environment to support greater access to mobile and digital devicesin the Pacific region.

Objective: The objective of the study was to explore key stakeholder perspectives on the potential for mHealth in the Pacific
region.

Methods: A series of in-depth interviews were conducted either face-to-face, via Skype or by email, with a series of key
informants from the Pacific Rim region. Interviews were audio-recorded and later transcribed for detailed thematic analysis.

Results: We found widespread support for the potential to use mobile phones as a mechanism to facilitate improved health
service delivery in theregion. Essential elements for the successful development and implementation of mHealth were identified
by these stakeholders. These included: developing an understanding of the local context and the problems that may be usefully
addressed by the addition of mHealth to existing strategies and services; consideration of local infrastructure, capability, policy,
mobile literacy and engagement; learning from others, particularly other low- and middle-income countries (LM Cs); theimportance
of building supportive environments and of evaluation to provide evidence of impact and total cost.

Conclusions: Therapid growth of mobile phone use in the region presents a unique juxtaposition of opportunity and promise.
Though the region lags behind other LMICs in the adoption of mHealth technologies, this offers the convenience of learning
from past mHealth interventions and applying these learnings to achieve scale, sustainability and success. This study deepensthe
understanding of the potential of mHealth for the region, and offers a baseline from which discussions can be made to examine
the limitations, barriers and complexities inherent in mHealth applications.

(JMIR mHealth uHealth 2016;4(1):€9) doi:10.2196/mhealth.4626

KEYWORDS
mHealth; Pacific Ilands; prevention; health systems; health policy

: economic  opportunities and enhance developmental
Introduction interventionsthrough mobiletools[1-2]. Thetraction of “mobile

The rapld spread of mobile technology (moblle phoneﬁ) has hedth” or “mHealth” within the heath sector relies on its
becometheimpetusfor the recognition of its potential to create
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potential to extend the reach of health information and services,
particularly among vulnerable populations [3].

Conservatively, it isestimated that almost 60 per cent the Pacific
region popul ation have accessto amobile phone[4]. According
to the Groupe Speciale Mobile Association (GSMA) the Asia
Pacific region will increase mobile subscribersfrom 1.7 billion
in 2013 to 2.4 billion by 2020 [5]. Of course, the Asia Pacific
region includes some of the world's wealthiest and poorest
countries, as well as the largest population. However, despite
massive demographic and economic differences across the
region, one factor remains; mobile phone use is expanding,
rapidly [5]. As of 2015, a series of major infrastructure
operations are underway to enhance the coordination and
delivery of information technology services across the region
[6]. The establishment of the Pacific Regional Infrastructure
Facility (PRIF) hasindicated a concerted effort to ensure donor
partners in the region work together to maximize efforts to
improve information and communications technology (ICT)
infrastructure.

mHealth remains a novel practice in the Pacific region, a
situation that brings with it some considerable opportunities.
Despiteincreased accessto mobile phones and network coverage
in the Pacific Idands, mHealth has remained small-scale,
restricted to pilot projects, and not integrated into the
mainstream public health systems [7]. The challenges of
initiation reflect a lack of local technological knowledge and,
therefore, empirical evidence of efficacy of mHealth specific
to theregion. Moreover, the extent to which maobileliteracy has
kept pace with the expansion of Pacific markers is not clear
[3,8]. To understand more about expectations, opportunities
and challenges for building mHealth in the Pacific region, we
sought the perspectives of arange of key stakeholders.

In this paper we present formative research findings on
stakeholders' views on the potential of mobile phones to
improve health service delivery in the Pacific region. The
experiences of health workersin the Pacific region and mHealth
innovators in other low and middle-income countries, offer
valuableinsight into how policy makersand program developers
can capitalize on previous experiences on mHealth interventions
to ensure benefits are experienced in the Pacific region. The
aim of the study was to explore key stakeholder perspectives
on the potential for mHealth in the Pacific region, and how it
could fit into existing broader health system structure.

Methods

Sampling

As this study was concerned with exploring the potential of
mHealth in the Pacific region, a purposive sampling strategy
was used to identify key informants that could provide a rich
and diverse interview data. An initial environmental scan was
conducted to identify possible key informants. Participantswere
selected for their expert knowledge and experience of Pacific
life and health status. The key informantsincluded participants
from organizations that could potentially become stakeholders
for mHealth initiatives in the region as well as professionals

http:/mhealth jmir.org/2016/1/69/

Umali et al

with regional or in-country experience implementing public
health initiatives.

However, as the study progressed and new categories emerged
from preliminary data analysis, it became obvious that more
sampling was needed to develop these categories further.
Chenitz and Swanson [9] described this aspect of theoretical
sampling asthe need to collect more datato “examine categories
and their relationships and to assure that representativeness in
the category exists’. As there was no precise number of
predetermined key informants, additional sampling was added
until preliminary data analysis showed that concepts have
achieved theoretical saturation. The additional key informants
were recommendations from participants and mobile solutions
expert with a proficient understanding of mHealth initiativesin
low- and middle-income countries.

Data Collection

All interviewswere conducted by one of theinvestigators (EU).
In order to facilitate access to informants, including those who
were based in different regions of the world, interviews were
donein person, or online. Prior to theinterviews, an introductory
email and information sheet were provided to al potential
participants. The participants who indicated interest to
participate in the study were sent copies of the consent form.

Theonlineinterviewswere either synchronous or asynchronous
[10]. The synchronous interviews used online video call
applications (ie, Skype or Google Hangouts). Whenever
possible, face-to-face interviews and online video calls were
preferred, however due to poor Internet connection especially
in some Pecific countries, some interviews were conducted via
Email. Thisform of interview has been one of the most popular
Internet mediated methodologies to date [10].

The interview schedule was developed after an initial review
of literature. The interview process was semi-structured and
open-ended to allow the participants to focus and expound on
issuesthey deemed important. Theinterviewsfollowed aseries
of questions developed after an initial review of literature.
Although the questions had specific themes, some topics were
allowed to emerge during the course of the interviews. The
synchronous online interviews and face-to-face interviews
started with ashort introduction, an explanation of the research,
and a brief description of how mHealth is defined for the
purpose of thisresearch. The asynchronousinterviews consisted
of anintroductory Email and abrief discussion on how to answer
theinterview questionsthat came as a separate attachment. The
participants were given two to three weeks to return completed
guestionnaires. Additional follow-up or clarificatory questions
were sent to key informants when necessary. All face-to-face
interviews and online video calls ranged between 30 to 50
minutes.

The ethics approval for this study was granted by the Ethics
Committee of the University of Auckland.

Data Analysis

Interviews were digitally recorded and transcribed by the lead
researcher. A preliminary data analysis was conducted during
datacollection to ascertain if thereisaneed to collect more data
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to examine emerging categories, their relationships, and to
assure their validity in relation to other emerging themes [9].
This involved the analysis of interview transcripts after each
interview to identify gaps and issues that needed to be clarified
in subsequent interviews.

The coding and succeeding data analysis involved an
open-coding process, where verbatim transcripts were coded,
then re-coded according to an agreed coding framework that
reflected the dominant themes within the text. Joint coding and
analysis were conducted with other investigators to increase
validity and reliability of the coding process.

Results

A total of 19 key informants participated in the interviews. In
the final sample, 8 were health professionals representing 8
Pacific island countries, 6 held regional public health rolesin
the Pecific region, 3 of which have some experience with
mHealth, and 5 were from organizations in Africa, the United
States, and Asia, widely involved in mHealth in developed and
developing countries in areas such as research, planning,
implementation, evaluation, policy-making and advocacy.

The analysis of the respondents interviews led to the
identification of several themes which can be classified into
nine key considerations for the development and scale-up of
mHealth in the Pacific region. Verbatim quotes are present to
illustrate and support the analyses. Quotes are presented by
referenceto their contributor (Pacific Health Provider, Regional
Health Representative, and mHealth Practitioner). A brief
background on the current mHealth activities in the region as
discussed by key informantsis also provided.

mHealth Activitiesin the Pacific

All participants from each of the Pacific island countries (n=8)
and regional public health representatives (n=6) knew of some
form of mHealth activity in the region although they were not
well aware of how these initiatives were implemented. Most
participants had heard of the initiatives as second hand
informati on—from colleagues or conference presentations—but
most of these had been small-scale activities or pilot projects
that were not part of any large-scale health program. As one
interviewee expressed,

| am aware of mHealth activitiesbut | don’t thinkit's

been clearly thought-through program or approach

toimproving health. [Regional Health Representative

4]
The earliest mHealth activity mentioned was an outbreak
detection system in Fiji using mobile phones to report cases
such as diarrhea, measles, dengue, prolonged fever and rash
observed in outpatient clinics. This was initiated in 2008 and
used basic or feature phones programmed to have an additional
menu that could send data directly to an online database.

Start With the Problem—Then Ask If mHealth Can
Contribute

Participants were adamant that the need for mHealth in the
region was based on what the current health programs provided
and whether therewere gapsin health delivery. Thiswaswidely
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considered the first step to be taken before even considering
using mobile technology. Identifying these problems can be
done through a thorough review of current strategies and
consultations with local and national health authorities.

We basically start with a problem first. What is the
problem? Lost to follow-up? Referrals aren't
happening?  Information gaps? Lack of
communication between health workers? When we
hear about those kinds of problems then we start
thinking, okay, there might be a way to apply mobile
technology or just eHealth technology to this.
[mHealth Practitioner 2]

| dentifying problemsin the health system also meansidentifying
particular groups who are affected by these problems. Health
problems affecting large groups of people were considered by
participants to be more easily identifiable because of the
significant burden they impose on the region’s health resources.
In essence, the parti cipants agree to focus on the existing health
system challenges before considering whether mHealth, if at
all, could provide solutions.

...we have to identify the gaps that mHeal th could fill

on our needs. We have to look at the gaps and the

capacity of mHealth whether mHealth alone can fill

those gaps. We have to study how mHealth will

interact with other things. [Pacific Health Provider

2]
Despite alack of direct experience with mHealth, participants
from the region concurred that using mobile technology may
offer some advantages aswell aslimitations. Similarly, detailed
knowl edge about the health problemsin-country formsthe basis
for decision-making about the value of introducing mHealth.
This view was echoed by the mHealth practitioners who were
swift to acknowledge the need to know each health system and
current priorities before embarking on the journey into mHeal th.

So part of the real question that you should ask is
what are the major challenges to achieving better
health outcomes in the Asia-Pacific region, and
according to those challengeswhat are thereasonable
mHealth strategies that have worked in other places
that can help us...overcome these challengesthat are
particular to thisregion. [mHealth Practitioner 4]

Being “problem-centered” moves the discussion away from
mHealth to a more comprehensive approach to solving the
challengesthat are preventing the region from achieving better
health outcomes. For some participants, the concept of looking
a mHeath as the best solution potentially overshadows
alternative system strengthening or policy-related intervention.

...look at how mobile fit into existing health system.
Do we need mobile? Isthere a different solution? So
it's very easy to think straight from... especially like
me, I’ m someone who always thinks from the mobile
perspective. That's what you first need to see—what
isthe challenge? [Regiona Health Representative 6]
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Tailor Interventionsto the Local Environment and
L ocal Needs

Since mHealth is largely technology dependent, participants
emphasized the need to look at the capacity of current mobile
technology in each country; this includes the mobile network
coverage of the country, as well as the quality of mobile
connectivity. Although the mobile infrastructure in the Pacific
Islands region is gaining momentum in recent years, participants
were quick to note that there are till areas that do not have
mobile connectivity. One participant noted that

when you talk about Kiribati, if | remember correctly,
it has about 60 islands, but mobile phone coverage
is only in Tarawa and probably Christmas Island...
[Pecific Health Provider 1]

The recent deregulation of the telecommunications industry in
some countries of the Pacific was thought to have helped
improve mobile networksin many remote areas and significantly
reduce the cost of mobile subscriptions. Participants believed
that similar policy attempts in other Pacific countries to
introduce competition and improvements in service could help
improve accessto mobile networksin remote areas of the region.
One commented that

| think the policy attempts to introduce competition

in the telecoms market would probably open up

possibilities. [Regional Health Representative 3]
Knowing the capacity of mobile connections in the area to
identify which types of mHealth applications would best suit
certain areas was considered a core priority when considering
mHealth in the region. Participants also mentioned the need to
look at existing policies that could affect mobile technology
use and identify the gapsin these policies so that standards can
be put in place to support mHealth initiatives. Oneinterviewee
observed the need to enable,

...environment for the use of technol ogy—whether it's
looking at policies, the frameworks, the standards
that need to be put in place as well as the human
resource needs over the short and long term...
[mHealth Practitioner 4]

The existing health infrastructure is quite an essential part of
the enabling environment. If the current public health system
is largely dysfunctional at supporting existing infrastructure,
the introduction of a new innovation such as mHealth would
most likely be ineffective.

...look at the capacity of the system you are building
ontop of. What kind of capacity isin placeto support
existing health structures to deliver information,
respond to new influx of patients who maybe
responding to information they received? | sthe system
in placeto support those people? Start not necessarily
looking on the solution, but on the support structure
that exist to support the solution. [mHealth
Practitioner 2]

In addition to understanding the technology environments,
participants mentioned the importance of generating a detailed
understanding of the users of mobile technology. One participant
(mHealth practitioner 6) emphasized the need to invest in

http:/mhealth jmir.org/2016/1/69/

Umali et al

ethnographic research prior to starting anything else. Some
essential questions to answer include: who is using mobile
phones—is it the women or the men, younger generation or
older—and who controlsthe device? In the Pacific Iland region,
cultural and societal barriers could also affect phone ownership
and use. Women in some societies need to ask for permission
from aman before using or owning a mobile phone.

...fathers or husbands don't necessarily want their
wives to own a mobile phone. They say it will be a
means for themto go rogue, to have boyfriends, have
an affair. And then women don’'t necessarily want a
mobile phone if they think their families can use it to
control them. [mHealth Practitioner 3]

Mobile phones are often shared among members of the family,
creating potential barriers (eg, for sexua hedth) and
opportunities (eg, for healthy eating) for different mHealth
initiatives. Participants also noted that there might be
generational gaps in phone usage or preferences in certain
mobile phone functions (ie, SMS or voice calls) among the
population.

I think finding out who has coverage, who has mobile
phone, who in the family—isit just the father who has
a mobile phone, or the whole family. [Pacific Health
Provider 5]

| think it's really important again to go back to like
the ethnography piece and really understand who
they are or how they interact with theworld, how they
interact with technology, how they communicate, how
they access services already, and then delve that into
the design of technology solutions. [mHealth
Practitioner 5]

A few respondents raised the issue of the perceived integrity of
research in the Pacific. However, the magjority of participants
valued the contribution of dedicated research to understand the
nuances of potential users, particularly when the intervention
aims to promote behavior change.

Our ingtinct is to rush to build solutions on top of
mobile deviceswithout really seeing if the population
isready to use those solutions. [mHealth Practitioner
2]

..when you're looking into behavioral,
behavior-related programsthat really under standing
the users and the potential beneficiaries whatever
technology solution or content you are planning to
implement is really, really important. [mHealth
Practitioner 5]

Can Lessons Be Learnt From Other Settings?

Most of the respondents suggested studying the lessons|earned
in other low- and middle- income countries that have aready
implemented mHealth. Identifying what worked in previous
initiatives, and what didn't work, can help in the
decision-making and design of future activities.

| think the other isalso to look into what other people
are doing and see what range of activities should be
explored in mHealth. And then think about it from
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that perspective as well—what’s applicable, which
ones are aligned with what we are trying to achieve.
[Regional Health Provider 5]

A few respondentswarned about “innovating inisolation”. They
suggested of looking at what isbeing implemented in theregion
to see how it could complement or work with planned mHealth
programs. Interviewees mentioned trying not to “reinvent the
whedl” asit could cause duplication of effortsand fragmentation
which can reduce the effectiveness of mHealth solutions. As
onesad,

Look at the evidence and look at what is working,
what scaling, what lessons learned were garnered
through other implementation so you don’'t have to
like, one, start from scratch, reinvent the wheel.
[mHealth Practitioner 5]

Genuine Engagement From the Start

Key informants emphasized the importance of engaging
potential stakeholders early on in the implementation of the
mHealth strategy. Strong partnerships were considered
imperative from the very beginning of any initiative planning
stage. A participant mentioned that engaging people in the
government to get their perspective in defining what the key
challenges areisimportant when looking at establishing abroad
mHealth strategy for the Pacific region.

I think it is important to engage gover nments from
the outset, so particularly if you arelooking at public
health interventions. Ultimately it’s the government
who hasto sustain it. And so one of the biggest lessons
learned is that a lot of programs fail because there
isno government intervention. And it’s not even “ get
government engagement eventually”, it's “get
government engagement from the beginning”
[mHealth Practitioner 5]

Strategic partnerships with the private sector, especialy the
mobile providers, are also crucia. Mobile network operators
are well placed to provide technical expertise, resources and
network to help operationalize and scale up the project.
According to participants, the private sector involvement is
crucia for any mHealth strategy but the public sector needsto
set the priorities and direction, as the ultimate driver of the
mHealth strategy.

...private sector partnerships are really important, a

lot of these things are things that the private sector

iswell-placed. But it really needsto be defined by the

public sector and the priorities need to be set by the

public sector and the guidance need to be set by the

public sector. But alot of the types of like applications

and tools that need to be implemented could easily

be done by the private sector. [mHealth Practitioner

9]
Participants also highlighted end-user engagement. Having
health-providers and community involved, as they are the
ultimate end-user of mHealth, is important in every phase of
the mHealth strategy. One participant mentioned that a current
trend in many developing countries right now is to actively
involve the civil society in providing feedback on what's
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happening in their loca communities. Encouraging social
accountability and valuing end-user engagement is making an
impact on how decisions are being made.

...we are starting to see people become more engaged
and even the most vulnerable people are providing
citizen feedback of what’s happening in their local
communities. And | think that’s one major area where
we're already seeing some really good progress and
inputs. And it's making an impact on how the
allocations are being made and that sort of thing
which is really exciting. [mHealth Practitioner 5]

Participants commented that mHealth initiatives will work best
as amultisectoral approach. One of the main policy issues may
include addressing how different stakeholders from the private
and public sector, including NGOs and civil society, work
together to mainstream mHealth as a viable solution to health
problems.

cause you are dealing with unusual actors-you are
dealing with telecommuni cations companies; you are
dealing with phone companies-and these are people
who are not used to working in the space of health.
So it's a new space for them and | think they need
that guideline. [mHealth Practitioner 4]

Building a Supportive Health System

An issue that some participants raised was that implementing
amHealth program could be seen as an alternative to improving
the health system infrastructure. These interviewees stressed
that mHealth is a supplementary activity to existing health
programs not a replacement. If core health infrastructures are
defective or lacking, investment in mHealth cannot be used to
replace investment to improve health services.

| seeit [ mHealth] more asaway to provide additional
support for people without adequate services but it
doesn't make up for inadequate services...And
certainly it should not be seen as an investment into
the infrastructure of proper health services. It's a
supplementary activity, because the health services
areinadequate at the moment and there’ sinsufficient
capacity. So it should not be seen as supporting or
encouraging investment not to be put into those
serviceswhich are crucially needed. [Regional Health
Representative 5]

Adequate personnel or human resourcesto deliver quality health
service must also be in place before the implementation of the
mHealth initiative. As some mHealth applications create more
demand for health services, the system must be ready to
accommodate the influx of new patients or new users.

I would first look at how the health system works in
general. Like for example, we can encourage people
to go for a service, that's what we do for mobile. But
if there is no doctor available, if there are no
medicines, it works counter effective. [mHealth
Practitioner 1]
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Building L ocal Capacity for mHealth

Themajority of participants acknowledged the lack of technical
capacity inmHealth asachallenge. mHealth will have agreater
impact if stakeholders are trained and upskilled in the use of
mobile technologies and users are educated to a higher level of
mobileliteracy. For instance, if the ultimate users of the mHealth
tool are health workers, increased mobile literacy and
understanding of ICT applications will save time and increase
their efficiency, expressed succinctly by thisinterviewee

If you are collecting data using mobile phones, it will
requiretraining and specific skills set. [Pacific Health
Provider 3]
Participants suggested establishing a coordinating body
composed of different stakeholders to establish standards and
systematize efforts. Thiswould allow for more coordinated and
integrated efforts as well as sharing relevant data to aid
decision-making.

...if there are 10 NGOs and they are all working with
pregnant women, arethey collecting at |east the same
few data elements that allow them to share
information with the national health system or with
each other? So it often helps to have some kind of
national eHealth or mHealth committee or user-group
or ministry agency which servesasthefocal point for
these activities within that country. [mHealth
practitioner 4]

Several participants advocated establishing a regional network
that would endorse a regional approach to mHealth would be
beneficia for theregion for initia start-up or scaling-up. Having
aregional network would encourage information sharing of best
practices and innovative solutions that worked in other parts of
the region.

Designing Interventions With the End-User in Mind:
Use the Best Technology Options

In order to maximize the potential of mHealth, the majority of
participants recommended keeping the end-users wants and
needs in mind when designing mHeath solutions. This
underscores the earlier recommendation of doing an
ethnographic study to understand the end-users. Data from
earlier baseline studies as well as from the consultations with
the end-users could feed into the design of the mobile
application.

...go back to the end user time and time again. And
by end user, | don't mean the NGOs, | mean the
person the NGOs are serving right down the end of
the line. [Regional Health Representative 5]

| don't think there's huge amount of research done
around types of in terms of what people want, what
beneficiaries want. And | don't know if there's
research been done to what the health system feels
will be useful. [Regiona Health Representative 6]

There is a range of available types of mHealth solutions.
However, participants suggest that decision makers consider
the level of mobile literacy of end-users and their response to
the technol ogy when choosing which mHealth solution to use.
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Simple mHeath applications with minimum technical
requirements, for instance, would require less technical skills
among end-users.

As the majority of the PNG [Papua New Guinea]
population live (sic) in rural areas and as there is
very low literacy levels, | believe simple mHealth
applications that have the minimum technological
requirements and require minimal effort and
comprehension on the user’s behalf are best suited
to PNG. [Pecific Health Provider 6]

IntegratemHealth I nto Wider Program Strategiesand
Design for Scale

Participants commented that mobile solutions are not
‘stand-alone’ efforts, they serve as support mechanismto deliver
better quality healthcare, and must align with national health
system goals.

mHealth initiatives can't be effective as* stand-alone’
efforts—there needs to be support and coordination
with existing work that’s already taking place in the
local communities. [Pacific Health Provider 9]

...the mHealth strategy does not succeed in a vacuum,
okay? That's very, very critical to keep in mind. Any
successful mHealth strategy has to be part of a
multifaceted approach to solving a problem. [mHealth
Practitioner 4]

M obile sol utions can complement and support awider program
strategy. For example, in a behavior change communication
initiative, mHealth is just one of the channels by which the
health message could be delivered.

In designing the mHealth strategy, participants identified the
need to plan for scalability. There have been quite a number of
pilot projects but few examples of successful mHealth projects
that have gone on to anational-level scale. Thelack of foresight
to plan for scale-up among pilot projects, limits the ability to
be sustainable and the potential to deliver positive health
outcomes. Administrators of mHealth initiatives must have the
knowledge on how to scale-up pilot projects and integrate this
knowledge from the outset.

One participant said,

we're on a phase right now where we don’t need any
more pilot projects. [mHealth Practitioner 5]

The number of pilot projectsin many low- and middle- income
countries would provide extensive lessons on how important
scalability isto the mHealth strategy.

Evaluate the Whole Impact and Calculate the Real
Cost

Cost is one of the bhiggest barriers to sustainability.
Understanding the cost attached to mHealth can give a better
perspective on how these costs could be managed. Participants
identified two costs involved in the operation of mHealth: the
cost to the individual of accessing the service, and the cost to
the country of delivering the service.
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Cost waswidely perceived as an intractable challenge that users,
especialy from poorer countries, will face to access mHealth.
How cost can affect the users willingness and ability to pay
for using mHealth services should be carefully assessed, asthis
will affect the implementation and sustai nability of the mHealth
strategy. One participant wondered,

...if you want people to respond, does that mean
people need to have money to top up their phones to
respond or isit just messaging that's going to be just
for your information where they don’'t need pay to
respond to you? [Pacific Health Provider 5]

Secondly, developing and implementing an mHealth strategy
will incur costs. There will be fixed costs associated with the
capital investments to set-up the technology required for the
intervention, and operational and maintenance costs to sustain
the system. One participant from the Pacific region expressed
his skepticism about the financial viability of investing in
mHealth. Thisisan opinion that might be shared by other Pacific
countries with limited financial resources. One interviewee
expressed it thus,

..we are very mindful of the operational cost.
Investment cost can last for 12 months but the
operational cost including the placement of the
equipment is something that | don’t think the country
can afford. [Pacific Health Provider 2]

Most participants from the Pacific region are optimistic that
telecommuni cation service providers could assume some of the
cost for the mHealth strategy. They are banking on these
companies commitment to social responsibility to providetheir
technical expertise and network connection. As one said,

| think it’'s about selling the idea to governments, to
the telecomand havetheir social responsibility be on
board in that angle to reduce costs for sending texts
[Pecific Health Provider 4]

But for providers to come on board, participants highlighted
the need to adopt business models that will provide mutual
benefitsfor public-private partnerships. One participant argued
that most people assume the companies stand to gain much
financially from mHealth, although in reality this may be very
limited. Thereforeto leverage support from telecom companies,
decision-makers need business models that will clearly define
the opportunities and value that mHealth could deliver.

Discussion

Principal Findings

The acceleration of mobile connectivity across the Pacific,
presents potential of mHealth to improve access to health
information and quality of services across the region [11,12].
At face value, the concept of mHealth was widely considered
an appealing option for supplementing and bolstering
overworked or inefficient systems (surveillance, for example
[13]). Similarly, the prospects for mHealth-based innovations
in new domains such as honcommunicable disease (NCD)
prevention, disaster response and maternal health, are well
recognized [14]. However, overwhelmingly both our mHealth
and local public health providers erred toward realism over
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optimism; the extent to which a mobile technology based
initiative can remedy systemic issues was the challenge. The
Pecific 1slands region is facing some of the most significant
health challenges ever to confront the region. Burgeoning NCD
rates are overwhelming under-resourced health systems and
infrastructure. A chronic lack of trained health and allied
personnel places additional demands on donor-dependent
countries. Yet, a cautious optimism was expressed among
Pacific and international stakeholders.

At the recent Pacific Health Ministers Meeting in Fiji (April,
2015), adeclaration by Dr Tuktuitonga of the Secretariat of the
Pacific Community (SPC) speaks of the radical developments
in the region and the need to draw upon the strengths and assets
of al contributors—public and private for health gains:

The Pacific today is a different place than it was 20
years ago, and our region faces a multitude of
challenges. We have an opportunity to build on the
progress already achieved in Pacific health through
increased cooperation between governments,
non-governmental organizations, civil society and
the private sector, to work together to improve the
lives of all Pacific people[14] [14]

Theevidenceisclear; the Pacific regional health challenges can
only be overcome with coordinated, innovative and multisectoral
actions led by the countries. Can mHealth play a part in these
solutions? Timewill tell. However, the foundations are firming;
with young, increasingly mediasavvy populations, enthusiastic
telecommunications sector and not yet saturated mHealth
environment, timing is right to explore the possibilities.

Limitations

A limitation of this study is that we interviewed people who
were considered and recommended as potential users or
stakeholders of current or future mHealth initiatives. It islikely
therefore that we missed the opportunity to interview those who
held contrary or unique perspectivesthat were not raised by our
sample. Qualitative research methodologies, in general values
subjectivity and accordingly there is potential for variation in
interpretation of participants perspectives [15]. We have been
fastidiousin our coding and analysis process and used quotations
to support our findings. Interviews conducted via Skype may
well be qualitatively different than those conducted faceto face.
However, with consideration of limited resources and increasing
technological capacity for Internet based interviews, this proved
effective for our study. There were also numerous attempts to
obtain a representative from the telecom industries present in
the Pacific region, but none agreed to participate in the
interviewed. Knowing what the telecom industries think about
mHealth especially since they are essential stakeholders in
mHealth implementation could have provided critical inputsto
this study. At present, although deregulation and reformsin the
telecommunications sector in the Pacific have driven the
increase in mobile phone access in the region [4] it is largely
unknown how receptive the telecom industries are to establish
a presence through mHealth.
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Conclusions

Thisstudy deepensthe understanding of the potential of mHealth
for theregion, and offers abaseline from which discussions can
be made to examine the limitations, barriers and complexities
inherent in mHeal th applications. The experiences of devel oped
and developing countries in implementing mHealth over the
past years combined with local conditions of the region has
revealed potential barriers and risks such as access to mobile
phones, literacy, lack of complementary infrastructure and
supportive environment, over-expectation and the underlying
technical limitations of local institutionsto implement mHealth.
Although this research was done under the context of how
mHealth could be adapted in the Pacific region, the findings of
this research are also applicable and useful to other settings.
What this study has established is to emphasize the primary
importance of user-engagement, stakeholder collaboration and

Umali et al

the careful consideration of local contextsto support long-term
implementation of mHealth. These considerations cut across
various mHealth applications and disease preventionsinitiatives
in many countries. The biggest challenge for the Pacific region
and in many countriesis how to bring initial pilotsto scale and
become mainstreamed to national health system structures.

Finally, although the Pacific region lags behind other low- and
middle- income countries in the adoption of mHealth
technologies[8], this position offersthe convenience of learning
from past mHealth interventions and applying these learnings
to adapt tools, achieve scale, sustainable positive impacts
[3,16-18]. Cautious optimism is, however, the safest position
as there is plenty of work still to be done to fully appreciate
how to adapt this technology to achieve equitable beneficial
outcomes within the Pacific Islands.
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Abstract

Background: Postdischarge death in childrenisincreasingly being recognized asamajor contributor to overall child mortality.
The PAediatric Risk Assessment (PARA) app isan mHealth tool devel oped to aid health care workersin resource-limited settings
such as Sub-Saharan Africato identify pediatric patients at high risk of both in-hospital and postdischarge mortality. Theintended
users of the PARA app are health care workers (ie, nurses, doctors, and clinical officers) with varying levels of education and
technological exposure, making testing of this clinical tool critical to successful implementation.

Objective: Our aim was to summarize the usability evaluation of the PARA app among target users, which consists of assessing
the ease of use, functionality, and navigation of the interfaces and then iteratively improving the design of this clinical tool.

Methods: Health care workers (N=30) were recruited to participate at Mbarara Regional Referral Hospital and Holy Innocents
Children’s Hospital in Mbarara, Southwestern Uganda. This usability study was conducted in two phases to allow for iterative
improvement and testing of theinterfaces. The PARA app was eval uated using quantitative and qualitative measures, which were
compared between Phases 1 and 2 of the study. Participants were given two patient scenarios that listed hypothetical information
(ie, demographic, social, and clinical data) to be entered into the app and to determine the patient’s risk of in-hospital and
postdischarge mortality. Time-to-completion and user errors were recorded for each participant while using the app. A modified
computer system usability questionnaire was utilized at the end of each session to dlicit user satisfaction with the PARA app and
obtain suggestions for future improvements.

Results: The average time to complete the PARA app decreased by 30% from Phase 1 to Phase 2, following user feedback and
modifications. Participants spent thelongest amount of time on the oxygen saturation interface, but modificationsfollowing Phase
1 cut thistime by half. The average time-to-completion (during Phase 2) for doctors/medical studentswas 3 minutes 56 seconds.
All participants agreed they would usethe PARA app if available at their health facility. Given ahigh PARA risk score, participants
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suggested several interventions that would be appropriate for the sociocultural context in southwestern Uganda, which involved
strengthening discharge and referral procedures within the current health care system.

Conclusions: Through feedback and modifications made during this usability study, the PARA app was developed into a
user-friendly app, encompassing user expectations and culturaly intuitive interfaces for users with a range of technological
exposure. Doctors and medical students had shorter task completion times, though all participants reported the usefulness of this

tool to improve postdischarge outcomes.

(JMIR mHealth uHealth 2016;4(1):€16) doi:10.2196/mhealth.5167

KEYWORDS

infectious disease; postdischarge mortality; mHealth; prediction moddl; risk assessment; usability; Africa; resource-limited settings

Introduction

Background

Infectious disease in Sub-Saharan Africais the leading cause
of child mortality, accounting for 6.3 million deaths among
children under 5 yearsold [1]. A systematic review of pediatric
postdischarge mortality found that in-hospital mortality was
often exceeded by mortality rates after hospitalization.
Postdischarge deaths generally occurred within several weeks
of discharge and in many cases did not occur in hospitals [2].
Postdischarge death in childrenisincreasingly being recognized
asamajor contributor to overall child mortality, and strategies
are needed to address thisissue.

One promising approach is a clinical tool to allow for early
identification of at-risk patients. The PAediatric Risk
Assessment (PARA) mobile app is a simple, easy-to-use
mHealth tool developed to aid health care workers in
resource-limited settings to identify pediatric patients at high
risk of mortality. The PARA app uses prediction models to
accurately predict and categorize newly admitted patients as
having high or low risk of death, both in-hospital and after
discharge [3,4]. This has the potentia to improve in-hospital
and postdischarge care provided to these children. The purpose
of this manuscript is to summarize the usability evaluation
conducted for the PARA app, in order to develop a user-centric
design that will be accepted, useful, and usable by health care
workers to ultimately reduce child mortality.

mHealth Tools

Improved access to technology in Sub-Saharan Africa,
particularly mobiletechnol ogy, creates an enabling environment
for mobile apps such as the PARA app. The mobile network
coverage in Sub-Saharan Africa is high, with availability of
third generation (3G) connections rapidly growing [5,6]. As of
2014, approximately 53% of Ugandans had a telephone
connection, which has grown by 48% over the past 10 years
[7]. Thistechnological leap has opened many opportunities for
mHealth initiatives in low-resource settings [5,8].

Mobile phonesare currently utilized for awide array of mHealth
interventions [5]. These range from health communications to
monitoring and prevention to medical decision making. There
are numerous advantages to enlisting mobile technologies for
public health initiatives, including their low cost, easy
distribution, and wide accessibility [5,6].

http://mhealth.jmir.org/2016/1/e16/

The PAediatric Risk Assessment Prediction M odels

The primary PARA models|[3,4] were developed to predict the
likelihood of in-hospital or postdischarge mortality for children
under age 5 years admitted with acute infectious diseases. The
models predict risk of future mortality using demographics (time
sincelast hospitalization), anthropometric measurements (either
mid-upper arm circumference or weight for age z-score), and
clinical indicators (human immunodeficiency virus status,
Blantyre coma score, and oxygen saturation) collected on
admission. For the prediction of postdischarge mortality, the
derived models have positive and negative predictive values of
11% and 99%, respectively [4]. For the prediction of in-hospital
mortality, the derived models have positive and negative
predictive values of 15% and 99%, respectively [3,4]. The
PARA models have particular potential for targeting high-risk
children for appropriate postdischarge care. In the populations
where the PARA models were derived, only 30% of children
are flagged as high risk. Adoption of any postdischarge
intervention in a resource-limited environment, therefore,
becomes much more feasible.

The Phone Oximeter

The Phone Oximeter isamobile app modul e integrated into the
PARA app that takesinput from a connected noninvasive pulse
oximeter. This enables users to instantaneously and accurately
perform 30-second spot-check measurements of oxygen
saturation (SpO,) when connected to a pulse oximeter [9,10].
The SpO, is then recorded in the PARA app and incorporated
asavariablein the PARA prediction models.

Design Constraints and Consider ations

The intended setting for the PARA app is in-patient health
facilities in resource-limited countries, particularly in rural or
semiurban areas. These environments pose unique design
congtraints, as they often do not have Internet access or
consistent electricity [11]. Therefore, the app was created for
offline data entry on a mobile (battery-powered) touch screen
device to produce an automatic risk prediction.

The intended users of the PARA app are health care workers
(ie, nurses, doctors, and clinical officers) with varying levels of
education and technological exposure who work in
resource-constrained settings. With these considerations, the
PARA app was intentionally given a simple, compact design
that utilizes routine patient data collected during pediatric
admissions. It is packaged to be accessible to those with limited
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experience with technology, producing timely results within a
busy clinical context.

Usability Testing Objectives

This usahility evaluation of the PARA app was conducted to
accomplish the following objectives: (1) evaluate user
performance and understand common errors made by health
care workers using the PARA app, (2) iteratively improve the
design, functionalities, and work flow of the PARA app, (3)
elicit user satisfaction regarding the utility and design of the
PARA app, and (4) understand user perceptions of the PARA
app and suggested interventions using this tool.

Methods

System Design

At each stage of the system design process, there were multiple
revisions. An initial design document was created describing
the app screens necessary to collect all variablesin the predictive
models. From this document, the Balsamiq M ockups software
(Ba samiq Studios) wasthen used for the generation of mockups
to illustrate the intended interfaces and functionalities. The
prototype PARA app was then built as script within the
L Nhealth platform, which was developed using Lambda Native,
across-platform open-source devel opment environment [12,13].
The PARA app provides many features that are not possible or
much moretime consuming using paper systems. Theseinclude
encryption of stored data with a login page to access the app,
calculation of age from date of birth, calculation of weight for
age z-score, measurement of SpO, with a30-second spot-check
recording, and classification of each variable contributing to
the predictive model risk score as high, medium, or low
contribution to mortality risk.

Hardwar e Specifications

For thisusability study, the PARA app wasinstalled on the Dell
Venue 7 (model 3740) device. The device was hardwired viaa
micro—universal serial bus (USB) connection to a mobile
audio-based pulse oximeter (LionsGate Technologies). The
pulse oximeter provides the photoplethysmograph waveform,
the processed trend values for the SpO, and heart rate, and a

signal quality index (SQI).

User Interfaces

The PARA app enables users to input, summarize, and edit
select clinical information for pediatric patients admitted with
an acute infectious disease. The app also allows for storage of
this patient data for future review. All entries are assigned a
patient 1D to ensure unique identification. All interfaces contain
open data entry fields or dropdown menus, with the exception
of the oxygen saturation interface. The oxygen saturation
interface records 30-second SpO, measurements from a pulse
oximeter using a color-coded SQI, time progress bar, and
directional messages[7]. The postdischarge and in-hospital risk
scores, displayed on thefinal interface, are calculated based on
the specified prediction models [4]. Error messagesarein place
to alert the user to missing or insufficient patient data.

http://mhealth.jmir.org/2016/1/e16/
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Usability Evaluation Design

Early prototypeswerefirst evaluated by study investigators and
research staff in Canada and Uganda for ease of interface
navigation, functionality, and basic workflow. From theseinitial
evaluations, a testable prototype was created. This usability
study was conducted in two phases to alow for iterative
improvement and design of the PARA app. Ethics approval was
obtained from the Mbarara University of Science and
Technology (08/09-14) and the University of British Columbia
(H14-01045). Participants were recruited at Mbarara Regional
Referral Hospital (MRRH) and Holy Innocents Children’s
Hospital (HICH), both in Mbarara, Southwestern Uganda.
Health workers involved in pediatric care from MRRH and
HICH were purposively sampled based on level of medical
training. This may have led to participants who had a higher
degree of interest in mHeath apps. An equal number of
doctors/medical students and nurses/clinical officers enrolled
for each phase to ensure the primary user groups were
represented. No participants had used the PARA app previously.
Both phases of the study had a target sample size of 15
participants (30 in total). The recommended number of
participants for usability testing is at least 10 people [14].
Written informed consent was obtained from all participants.
Each participant was paid an honorarium of approximately US
$10.

Participants completed a short demographic questionnaire (ie,
gender, occupation, age, technology use) before a facilitator
guided them through the evaluation process and study
instructions. The evaluation was conducted in a quiet
environment with no distractions. During the evaluation, the
facilitator, seated next to the participant, recorded user
interaction with each interface, comments, and errors. No other
individuals were present during testing. Time-on-task
measurements began when the participant started the first task
and ended when they completed the final task.

Following a brief introduction to the purpose of the study (see
Multimedia Appendix 1), participants were given two patient
scenarios with identical length and format, which listed
hypothetical information (demographic, social, and clinical
data) to be entered into the app (see Multimedia Appendix 2).
Thisinformation reflected routine data coll ected upon pediatric
hospital admission at MRRH and HICH. Participants were
instructed to enter thisinformation into the PARA app asthough
this patient was newly admitted and to determine the child’s
risk of in-hospital and postdischarge mortality. The context of
use during the evaluation differed from the context of expected
use since the evaluation was done in a controlled environment
with relevant information provided directly to the user, rather
than being directly obtained from patients or their records.

During the patient scenarios, each participant was asked to think
aloud, in order to assess their thought process as they used the
app [15]. They were specifically instructed to comment on the
layout of the app screen, the dialogue on each interface, the
order of tasks, and any additional observations or opinions.
Participant dial ogue was recorded during each patient scenario
using a digital audio recorder. At the end of each patient
scenario, participants were asked to qualitatively interpret the
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risk score and distinguish therisk factors (listed on the summary
interface) that most contributed to a high risk score.

A modified computer system usability questionnaire (CSUQ)
was utilized at the end of each session to dlicit participant
satisfaction with the PARA app (see Multimedia Appendix 3)
[16]. On the CSUQ, usability statements were evaluated on a
scale from 1-7, indicating “strongly agree” to “strongly
disagree.” In addition, five qualitative questions were asked to
understand the practical benefits and drawbacks of incorporating
the PARA app into a clinical context: (1) “What do you like
most about the app?” (2) “What do you like least about the

Table 1. Usability tasks performed.

English et a

app?,” (3) “How could the app be changed to make it easier to
use?” (4) “Please describe how you might use this app to
enhance the discharge process and care after discharge,” and
(5) “When would you enter patient information into the app?’

Usability Tasks

The usability tasks (provided as a paper evaluation form) were
adapted from the Pre-eclampsia I ntegrated Estimate of RiSk on
the Move usability study and developed to encapsulate the
specific functionalities of the PARA app (see Table 1) [17].
These tasked were deemed the primary essential tasks required
for full use of the PARA app.

Number Task

Loginto system

Start a new patient

Enter patient demographics
Enter anthropometric data
Measure oxygen saturation
Enter clinical data

Interpret summary

@ N o g k~ w NP

Calculate risk score

Metrics

The PARA app was eval uated using quantitative and qualitative
measures, which were compared between Phases 1 and 2 of the
study. Quantitative measures were limited to descriptive
gtatistics. Time-to-compl etion was recorded for each participant
and compared between patient scenarios and occupational
groups.

Table 2. Type of user errors.

User errors were recorded for each patient scenario and
evaluated based on severity. An error was defined as any
unproductive action (eg, pushing back instead of next, choosing
to continue past an error message, not obtaining SpO,). Severity
was based on the impact of errors on the achievability and
specificity of the PARA risk score. Errorswere categorized into
navigation errors (low severity), control usage errors (medium
severity), and outcome errors (high severity) (see Table 2). High
severity errors prevented the risk score from being calculated
or reviewed, thereby truncating the utility of the PARA app.

Type of error Definition

Common user errors

Navigation error

intended outcome (ie, accurate risk score)

Control usage error

Misguided or unnecessary interactions often due to
unfamiliarity with the app, which do not change the

Input of inaccurate patient or login information

Selecting the wrong button on the interface; Re-entering
data unnecessarily; Starting the SpO, recording with poor
signal quality

Recording incorrect patient data; Entering a hypothetica
SpO,; Entering incorrect login information

Qutcome error Risk scoreisnot attained or incomplete dataentry oc-  Bypassing error messages; L eaving data fields incomplete;
curred Not reaching final interface to attain risk score
majority of participants (26/30, 87%) were between 20-30 years

Study Population

Intotal, 30 health care workers (ie, 11 doctors, 3 senior medical
students, 14 nurses, and 2 clinical officers) participated in the
PARA app usability study, with 15 male and 15 female.
Participant populations between Phases 1 and 2 of testing had
an equivalent number of doctorsmedical students and
nurses/clinical officersfor each phase. More participants came
from HICH (17/30, 57%) than MRRH (13/30, 43%). The

http://mhealth.jmir.org/2016/1/e16/

old. All participants owned a cell phone, with the majority of
doctors/medical students owning a smartphone (12/30, 40%).
Few had used a tablet (6/30, 20%) or health app (7/30, 23%)
previously.

Usability Evaluation: Phase 1

For the first patient scenario, the average time-to-completion
was 9 minutes 58 seconds. By the second patient scenario, the
average time-to-completion dropped to 6 minutes 23 seconds.
In particular, the average amount of time spent obtaining the
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SpO, dropped from 2 minutes 23 seconds for the first patient
scenario to 1 minute 28 secondsfor the second patient scenario.
Doctors took the least amount of time to complete the app,
averaging 4 minutes 38 seconds during the second patient
scenario.

In addition to time, the average number of errors dropped
between the first and second patient scenario from 4.3 to 3.2

Table 3. Summary of user errors by type for Phase 1.

English et a

errors (see Table 3). The majority of errors were navigation
errors (low severity), which decreased between the first and
second patient scenarios. However, medium and high severity
errors increased or stayed the same between these patient
scenarios. Approximately half of the 15 participants had
outcome errors, due to the SpO, not being recorded. Two
participants did not reach the final interface and failed to
calculate the patient’s risk score.

Scenario Navigation errors Control usage errors Outcome errors Total errors
(low severity) (medium severity) (high severity) (average)

1 34 20 2173 63 (4.3)

2 16 23 2/g2 49 (3.2)

#These numbers represent outcome errors leading to no risk score being generated versus outcome errors leading to incomplete data entry.

Adaptations Between Phases 1 and 2

Based on Phase 1 results and parti cipant feedback, modifications
were made to the PARA app to decrease user errors and
time-to-completion of tasks. Error-producing interfaces were
simplified by adjusting the instructiona dialogue, interface
design, or error messages.

Errors caused by the oxygen saturation and summary interfaces
were the most common issues. The oxygen saturation interface
produced the most difficulties, as participants had trouble
accessing the SpO, screen and interpreting how to use the
tablet-based system. Since the previous SpO, recording was
retained, some participants thought the SpO, was aready
recorded when it was not. One participant said “So what will
happen? Will [the SpO, recording] stop? Will it stop or am |
the one to stop it? [Sees SpO, from previous recording] But |

think the oxygen saturation is 93, itisjust at 93. So | am moving
to the next.”

Participantsal so had difficulty interpreting the summary of risk
factors screen. When asked to identify the most important risk
factors listed on the summary interface, one participant said:

| amimagining that red means danger soif itismore
red, then it is contributing a lot. But you can't tell to

http://mhealth.jmir.org/2016/1/e16/

what degree, to what percentage. Here they are
almost all the same for example, so you almost think
that perhaps they all almost have perhaps the same
contribution. I’ mthinking like that but it’snot so clear
here to tell which one or to what degree.

Based on this user feedback, the PARA app was modified and
subsequently tested during Phase 2 for improved usability (see
Figure1). Instead of showing amenu with optionsfor measuring
SpO,, the tablet-based SpO, was changed to be the default
display, with an option to enter SpO, from another device at
the bottom of the screen. Additional instructional messages
were incorporated, indicating when to push start and when the
SpO, recording was complete. These were moved to the top of
the screen and the current SpO, and heart rate values were not
displayed until the recording was started, to avoid users
thinking they were already done. To avoid confusion, each new
assessment started with a blank SpO, screen instead of the
previousvalues. For the summary interface, therisk factor scales
were removed; instead risk factors were categorized into red,
yellow, and green boxes and labeled as having high, medium,
or low contribution to risk. A large “ Calculate Risk Mortality”
button was added at the bottom of the screen. This was in
addition to the top right navigation button but was felt to be
necessary to prevent users from stopping the app early with
unattained risk scores.
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Figure 1. PARA app modifications to the Oxygen Saturation and Summary pages from Phase 1 to Phase 2.
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Bosk Summary Caloulate

Famake, 0.8 year

Usability Evaluation: Phase 2

For the first patient scenario, the average time-to-completion
was 7 minutes 10 seconds. By the second patient scenario, the
average time-to-completion dropped to 4 minutes 44 seconds.
In particular, the average amount of time spent obtaining the
SpO, dropped from 1 minute 32 seconds for the first patient
scenario to 1 minute 4 seconds for the second patient scenario.
Doctors again took the least amount of time to complete the

Table4. Summary of user errors by type for Phase 2.

Status OK. Press Start.

Oxygen Saturation | Hext
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Back Summary
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Calculate Mortality Risk

app, averaging 3 minutes 56 seconds during the second patient
scenario.

The average number of errors dropped between the first and
second patient scenario from 3.4 to 2.5 errors (Table 4). The
majority of errors were navigation errors (low severity). These
errors decreased between the first and second patient scenarios,
as did control usage errors (medium severity). There were no
unattained risk scores during Phase 2 of the evaluation. Though
incomplete data entry occurred, it was uncommon for both
patient scenarios (n=2 and n=3, respectively).

Scenario Navigation errors Control usage errors Outcome errors Total errors
(low severity) (medium severity) (high severity) (average)

1 32 17 022 51 (3.4)

2 22 12 0/32 37(2.5)

#These numbers represent outcome errors leading to no risk score being generated and outcome errors leading to incomplete data entry, respectively.

Comparison of Phases1 and 2

The average time to complete the PARA app was lower for
Phase 2, following user feedback and modifications, than for
Phase 1 of testing, decreasing by 30% (Table 5). Participants
spent the longest amount of time on the oxygen saturation
interface, but modifications following Phase 1 cut this time by
half. Thistime savingswaslikely underestimated, since outcome
errors (such asincomplete data entry) during Phase 1 may have
artificially lowered average time-to-completion.

http://mhealth.jmir.org/2016/1/e16/
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The average time-to-completion (during patient Scenario 2) for
doctors/medical students was 4 minutes 38 seconds for Phase
1 and 3 minutes 56 seconds for Phase 2, as compared to
nurses/clinical officerswhose average was 7 minutes 54 seconds
for Phase 1 and 5 minutes 26 seconds for Phase 2. The
differences in completion times between doctors/medical
students and nurses/clinical officerswas statistically significant
(P<.05) when combining Phases 1 and 2. The adjustments made
to the PARA app between Phases 1 and 2 decreased the number
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of errors and overall time-to-completion, particularly for those  with less medical education.
Table 5. Summary of user results for Phases 1 and 2.
Phase 1 Phase 2
Scenario 1 Scenario 2 Scenario 1 Scenario 2
Average overal time 9.96 min 6.38 min 7.17min 4.47 min
Average SpO, time 2.38 min 1.47 min 1.54min 1.07 min
Average errors 4.27 errors 3.2 errors 3.4 erors 2.5 errors

Overal, doctors/medical students had fewer user errors on
patient scenarios than nurses/clinical officers (P<.05). During
Scenario 1, doctors/medical students averaged 2.3 errorswhile
nurses/clinical officers averaged 5.2 errors. User errors
bilaterally decreased with Scenario 2, with doctors/medical
students averaging 1.6 errors and nurseg/clinical officers
averaging 3.9 errors. Nurses/clinical officers were more likely
to make outcome errors (high severity) than doctorsmedical
students. They accounted for al of the errors leading to no risk
score (n=4), and the majority of the errorsleading toincomplete
data entry (n=13).

Participant Feedback

Computer System Usability Questionnaire Results

CSUQ resultswerevery low (indicating positive opinions) with
no substantial differences according to phase. On a scale from
1-7 (from “strongly agreed” to “strongly disagreed”), most
responseswere 1, with an average score of 2.07 on al questions.
Overall, people found the app easy to use and understand. All
participants (n=30) strongly agreed to the statements “I liked
using this app,” “The organization of information on the app
screen is clear,” and “1 would use this interface if it were
available at my health facility.”

Qualitative Feedback

When asked about the positive aspects of the PARA app,
participants generally commented on simplicity and utility. One
participant summarized, “ The app is advanced, but theinterface
is easy to understand.” Most reported that the app was easy to
learn how to use, though some, particularly those with less
medical education, requested more training. Participants felt

the error messages helped guide them through the app, and
many felt the PARA app was quick, as it automatically
calculated the risk score preventing added burden on the health
care worker. One provider said, “But the most important thing
isit'sredly very fast and saves time—so you are not wasting
the patient’s time or your own time. That’s the most important
thing, it'sreally very fast.”

Potential Applications of the PAediatric Risk
Assessment App

Participants suggested several means by which the PARA app
could improve patient care both in-hospital and after discharge.
For children at high risk of in-hospital mortality, health care
workers thought these patients would need more attention on
the ward, through more frequent assessment or prioritized
medication during shortages. One participant explains, “So if
they are on the ward, still 1 can know this is a high-risk child
and take extra caution in caring for this child.”

For children at high risk following discharge, participating
health care workers suggested clinicadl and educational
interventions to curb mortality (Table 6). Many recommended
improved follow-up care by referring the child to anearby health
center, scheduling more frequent follow-up visits at the hospital,
or caling caregivers with appointment reminders. Others
suggested extending hospital stay to ensurethe patient hasfully
recovered before discharge. Patient caregivers, particularly
mothers, could be given health education at discharge, especially
focused on danger signs for child mortality. This education
could empower the caregiver to identify their child’'s health
status and respond in atimely manner.

Table 6. Postdischarge interventions suggested for high-risk children identified through the PARA app.

Suggested interventions Illustrative quotes

Refer to nearby health center

“Or maybe if there is anearby health center or what, they could also be informed about the risk of the

child. They could really be followed up closely.”

Shorter review date
for about 3-6 months.”

Health education

“1 would want to see them shortly after they had been discharged and then more frequently, at least

“You can give advice to the patient [or caregiver]: eat well, take the medicine at the right time, make

sure feed baby well, give medicine at the right time. In case of minor illness, bring child back to the

hospital ”
Longer hospital stay

“1 would give them alonger duration of stay in hospital but also take precaution, monitor them more

closely because they arerisk of dying.”

Teach parents about danger signs

“First you need to talk to the parents to make sure they understand the child is very sick and even when

they improve, they still have ahigh risk of mortality at home, so they need to keep a close watch on
the child. And in case of any symptoms, you explain to them the risk symptoms and if they feel they
have identified any of them, they should call adoctor and ask if they should come [to the hospital] or
if they can manage it at home.”
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Though rated highly on the CSUQ, the purpose and practical
application of the PARA app was sometimes unclear. The
purpose of this clinical tool is to provide early indication of
heightened risk of pediatric mortality. Some participants mistook
the PARA app as electronic medica records, while others
assumed the PARA app could be used to continually assess a
patient’s progress through treatment or to make discharge
decisions. These misinterpretations were summarized by one
participant’s comment:

The app helps a lot because it tries to make for you
a decision. It decides for you whether to discharge
or not to discharge...If the patient isat high risk while
at the hospital, it gives you the opportunity to
discharge the patient early before the risk comes in.
So | feel it can help you make a rightful decision.

Discussion

Principal Findings

Development of a maobile app to be utilized in alow-resource,
cross-cultural setting requires iterative testing and adaptation
to produce an intuitive design. Through feedback and
modifications made during this usability study, the PARA app
was developed into a user-friendly design, encompassing user
expectations and culturally intuitive interfaces for users with a
range of technological exposure. Time-to-completion and
number of user errors decreased between Phases 1 and 2 of
testing, following modifications made to PARA app interfaces.
Overall, participants consistently reported the ability to learn
and utilize the PARA app quickly and easily. The majority of
errors, particularly the navigation errors, were due to
unfamiliarity with apps and touch screen devicesfor those with
limited experience.

Based on time-to-completion measurements, doctors and
medical students were identified as the ideal end-users, or at
least the most likely early adopters. With fairly little guidance,
doctors and medical students had an intuitive grasp of the app’s
purpose and functionalities. On average, nurses and clinical
officers had less previous exposure to touch screen technology
and therefore experienced more difficulty with the PARA app.
However, all participants found the PARA app to be a useful
clinical tool, agreeing they would use it if available at their
health facility. The impact on workflow in a clinical
environment could not be assessed in our standardized testing
environment. Future research will be conducted in clinical
environments utilizing actual end-users.

However, education gaps wereidentified during the study, which
would impact future implementation and training. Some
participants overestimated the scope and purpose of the PARA
app, leading them to mistake the app for an electronic records
system or continual assessment tool. Asthe PARA appisscaled
in clinical settings, consideration should be given to the best
way to train and educate clinicians on appropriate functionalities.

http://mhealth.jmir.org/2016/1/e16/
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The addition of atraining video upon installation of the PARA
app may curb misunderstanding during scale-up. Other studies
have found that stakeholder collaboration, governmental support,
and local adaptation are important factors to successful
implementation of mHealth programs [18].

Given a high PARA risk score, participants suggested several
interventions that would be appropriate for the sociocultural
context in southwestern Uganda. Most suggestions centered on
strengthening discharge and referral procedures within the
current health care system. Participants felt that educational
interventions on discharge or convenient and consistent
follow-up after discharge could improve mortality outcomes
for children with high PARA scores (indicating >10% risk of
postdischarge mortality). Though these interventions have been
studied in other contexts, little evidence exists on their
effectiveness at diminishing postdischarge mortality, and more
research regarding effective strategiesto decrease postdischarge
mortality are urgently required [2,19].

Limitations

As this was an initial evaluation of a novel app, this usability
study was not conducted in a clinical context, but instead with
purposively sampled potential end-users in an artificial
environment. Therefore, findings may not be generalizable to
aclinical context. However, efforts were made to encompass a
variety of target users, in order to understand the utility of the
app from avariety of professional perspectives and technological
skill levels. Further, our clinical scenarios were carefully
developed to ensure a balanced and representative evaluation
from both aclinical and usability/design perspective.

In addition, given varied exposure to technology, there was
some degree of novelty and expectancy effects. To addressthese
concerns, clear instructions were given to each participant on
how to use atouch screen, aswell asreinforcement that the only
expected outcome from the study was improvement of the app.
The patient scenario instructionswere adjusted between Phases
1 and 2 to account for modifications made to the app. However,
patient scenarios and sequence of tasks remained standardized
between phases, so comparable testing conditions were
preserved.

Future Plans

Postdischarge mortality is a neglected but significant cause of
child mortality in resource-constrained settings. The PARA app
can begin to address this burden through its ability to quickly
identify children at highest risk of death during the postdischarge
period. Our research team in Ugandais currently conducting a
feasibility study of acomprehensive postdischargeintervention
(dischargekits) to distribute to vulnerable children at discharge.
Over the next 24-36 months, our research team in Uganda will
begin to integrate the PARA app with discharge kitsto evaluate
their effect on health seeking, hospital re-admissions, and
mortality during the postdischarge period.
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Abstract

Background: User mobility isanimportant aspect of the development of clinical information systemsfor health care professionals.
Mobile phones and tablet computers have obtained widespread use by health care professionals, offering an opportunity for
supporting the access to patient information through specialized applications (apps) while supporting the mobility of the users.
The use of apps for mobile phones and tablet computers may support workflow of complex tasks, for example, molecular-based
diagnostic tests in clinical microbiology. Multiplex Blood Culture Test (MuxBCT) is a molecular-based diagnostic test used for
rapid identification of pathogens in positive blood cultures. To facilitate the workflow of the MuxBCT, a specialized tablet
computer app was devel oped as an accessory to the diagnostic test. The app aimsto reduce the complexity of thetest by step-by-step
guidance of microscopy and to assist usersin reaching an exact bacterial or fungal diagnosis based on blood specimen observations
and controls. Additionally, the app allowsfor entry of test results, and communication thereof to the laboratory information system
(LIS).

Objective:  The objective of the study was to describe the design considerations of the MuxBCT app and the results of a
preliminary usability evaluation.

Methods: The MuxBCT tablet app was developed and set up for usein aclinical microbiology laboratory. A near-live simulation
study was conducted in the clinical microbiology laboratory to evaluate the usability of the MuxBCT app. The study was designed
to achieve a high degree of realism as participants carried out a scenario representing the context of use for the MuxBCT app.
Asthe MuxBCT was under development, the scenario involved the use of molecular blood culture tests similar to the MuxBCT
for identification of microorganisms from positive blood culture samples. The study participants were observed, and their
interactions with the app were recorded. After the study, the participants were debriefed to clarify observations.

Results: Four medical laboratory technicians, for example, representative of end users of the app, participated in the clinical
simulation study. Using the MuxBCT app, the study participants successfully identified and reported al microorganisms from
the positive blood cultures examined. Three of the four participants reported that they found the app useful, while one study
participant reported that she would prefer to make notes on paper and later enter them into the LIS.

Conclusions: The preliminary usability evaluation resultsindicate that use of the MuxBCT tablet app can facilitate the workflow
of the MuxBCT diagnostic test.

(IMIR mHealth uHealth 2016;4(1):€20) doi:10.2196/mhealth.5041
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Introduction

Health Care Workers and M obile Technology

Support of user mobility isanimportant aspect to consider when
developing clinical information systems (CIS) [1-3]. Physicians
and nurses continuously move between offices, wards, patients,
and workstations while conducting their work. Other employees
such as laboratory workers are also mobile in their work, as
they move between labs, specialized equipment, and offices to
acquire and report laboratory results[4]. With the ongoing trend
of increased digitization of information in health care and thus
amove away from paper documentation, this sets arequirement
for clinical staff being able to access CIS while away from
workstations.

In recent years, mobile devices in the form of mobile phones
and tablet computers have become almost ubiquitous in daily
lifeand their use has spread to clinical settings[5-7]. The mobile
devices are generally lightweight, intuitive to use, and contain
powerful data processing ahilities. Thus, they offer a potential
solution for providing the necessary access to CIS, while
supporting the mobility requirements of health care
professionals. While maobile phones and tablet computers are
seeing more widespread use by health care professionals in
clinical settings, there is till a need for more research to
discover and document the benefits and potential difficulties
these mobile devices may bring to particular applications (app)
[7,8].

Mobile phones and tablet computers offer an interesting option
for providing workflow assistance and guidance of complex
tasks. For example, in clinical laboratories the development of
specialized apps may facilitate the workflow of preparing,
interpreting, and reporting results of diagnostic tests. In clinical
microbiology, many new diagnostic tests have been devel oped
in recent years that allow for rapid identification of
microorganisms that cause bloodstream infections [9]. Many
of these tests are based on molecular biology techniques and
have the potential for providing more specific resultsin ashorter
time than current tests. However, the molecular tests are often
more complex to use compared to the conventional techniques
and therefore may require more skill from the operators [10].

Multiplex Blood Culture Test

Multiplex Blood Culture Test (MuxBCT) (AdvanDx, Woburn,
MA, USA) is a new blood culture diagnostic test under
development based on the molecular technique fluorescencein
situ  hybridization (FISH). The MuxBCT  uses
fluorescence-labeled, peptide nucleic acid (PNA) probes that
bind to specific DNA targets in microorganisms, which can
then be detected by fluorescence microscopy. Like other
molecular diagnostic tests, the MuxBCT involves more
complexity than conventional methods used for blood culture
diagnosticsin clinical microbiology. To reducethetimerequired
for data capture, test interpretation, and results reporting, a
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MuxBCT tablet computer app was developed as a research
project. The aim of the app is to reduce the complexity of the
diagnostic test by guiding the user, for example, a medical
laboratory technician (MLT), stepwise through the diagnostic
test and the interpretation process of the MuxBCT diagnostic
test. Additionally, the app will allow users to report results
directly to the Laboratory Information System (LI1S).

In this study, we describe the system design and development
considerations for the MuxBCT tablet app, and we report the
results of a preliminary usability evaluation of the MuxBCT

app.
The Multiplex Blood Culture Test App

App Description

The MuxBCT app has been devel oped as aresearch project and
functions as an accessory tool to facilitate the use of the
MuxBCT diagnostic test. The app was developed based on
requirements set through observations of the workflow during
blood culture analysis in a clinical microbiological laboratory
[4]. End users have been involved in the development life cycle
of the MuxBCT app, for example, by identifying flaws in a
prototype of the app through a participatory heuristic evaluation
[11]. Theappisintegrated with the L1Sin use at the Department
of Clinical Microbiology (DCM) at Aalborg University Hospital,
Denmark. The LI1Sintegration of the appisimportant for clinical
use, as a lack of an integration would require reentry of test
results and likely lead to an inefficient and more error-prone
workflow [12]. The MuxBCT app is developed as a native app
for the Android operating system and has been designed to
support 10.1-inch tablet computers.

When using the app, users must initially complete a sample
setup (Figure 1 shows this), where the sample identification
number is entered into the app. The sample identification
number can optionally be entered via a barcode reader. The
entered sampl e identification number isused to retrieve relevant
clinical information about the patient and that sample from the
LIS, which is then displayed to the user. The user selects one
or more positive blood cultures for analysis. The Kit ID (lot
information) for each MuxBCT diagnostic test used must be
entered for each selected blood culture. The lot information is
stored for quality control purposes.

The MuxBCT diagnostic test isdivided into 10 different analysis
areas (wells). In most cases, a classification well followed by
three identification wells will need to be examined. The user
will start fluorescence microscopy with a classification well
and will be prompted to enter the findings into the app through
the use of multiple choice questions. The app has an algorithm
that guides users to analyze only relevant wells based on
observations entered for the classification well. During analysis
of the selected identification wells (Figure 2 shows this), the
user will again enter observations viamultiple choice questions.
In the user interface, users can choose to display reference
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images of the same type of fluorescent microorganism to assist
them in analyzing their observations.

When the user has compl eted the test analysis, aresult summary
of any microorganism findings, for example, abacterium finding
and ayeast finding, will be displayed to the user. Once the user
has submitted the analysis result, it becomes available for all
relevant staff through the LIS. The user also has an option to
enter notes along with the result, which will either be visible
for al clinical staff or only staff in the clinical microbiology

Samson et al

laboratory. Until the result is submitted to the LIS, users can
go back in the app and revise any entered data.

The app offers a training mode where fictitious data are
generated and displayed to the user. In the training mode, no
data are communicated between the L1S and thetablet app. The
training mode allows users to become familiar with the app
before they use it to facilitate the analysis of positive blood
culture samples.

Figure 1. Sample screenshot of the Multiplex Blood Culture Test (MuxBCT) app showing the initial sample setup where asample ID is entered into
the system, data are retrieved from the Laboratory Information System (L1S), and displayed in the app. The patient information displayed in theimage

isfictitious.
S
Muliplex 8CT
Sample Setup User: TestUser
Enter sample ID:
Sample ID: 2015-320145 Load sample
Patient ID: 121212-1211
Patient name: Jane Doe
Positive blood cultures: 3
Select blood cultures for MuxBCT analysis:
449212345678 - Aerobic Plus £ KitID: 11025
446512345678 - Anaerobic Lytic [l
449412345678 - Peds Plus [l
Next
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Figure 2. Sample screenshot of the Multiplex Blood Culture Test (MuxBCT) app showing data entry of test results acquired through fluorescence
microscopy of the MuxBCT diagnostic test. The patient information displayed in the image isfictitious.

Bt

Multiplex BCT

Well 1

Examine well 1
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Which of the following are observed?
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0

¥ Green cocci in clusters

Red cocci in clusters

K

No observation

i)

Green cocci in clusters

User: TestUser

Patient ID: 121212-1211

Sample ID: 2015-320145

Kit ID: 11025

Bottle ID: 449212345678
Next

System Architecture

The MuxBCT system consists not only of a tablet computer
with the MuxBCT app, but also of a server with a MuxBCT
server app (Figure 3 shows this). The MuxBCT server
communicates with the LIS of the clinica microbiology
laboratory. Additionally, the tablet app supports the use of a
Bluetooth barcode scanner as an accessory for the MuxBCT
app to reduce the potential for data entry errors[13]. Once the
scanner isconnected, it allowsfor dataentry by scanning sample
identification barcodes. The MLTs interact directly with the
MuxBCT tablet app during analysis of a MuxBCT diagnostic
test.

The app exchanges data with a MuxBCT server, which is
integrated with the LIS. The server processes any results

http://mhealth.jmir.org/2016/1/e20/
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received by the tablet app, so that the data can be exchanged
with the LIS. The server app communicates with the LIS to
receive patient information relevant to the sample being
analyzed and to store results of the MuxBCT diagnostic test in
the LIS. Once data have been transmitted to the LIS, they
become available for clinical microbiologists, who can access
it through the LIS. The clinical microbiologists can then
communicate the results to a patient’s treating physician to
optimize the patient’s treatment. When the DCM has approved
the results in the LIS, the results become available from the
electronic health records system through LIS integration.

A database is associated with the MuxBCT server, which is
used to store test results. This allows data to be reviewed for
quality assurance purposes. Additionally, user interactionswith
the system are logged in the MuxBCT database.
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Figure 3. Overview of the Multiplex Blood Culture Test (MuxBCT) system design. The medical |aboratory technician (MLT) will use the MuxBCT
app for facilitation of the MuxBCT diagnostic test. The MLT can use a wireless barcode scanner to enter barcodes into the tablet app. Clinical
microbiologists can accessthe MuxBCT resultsthroughthe LIS. The HTTPS protocol is used to ensure encrypted communication of data. The arrowheads
indicate direction of data flow. Dashed lines in the figure indicate wireless connections.

System Security

Because of an inherent risk of tablet computers more easily
being misplaced or stolen than regular workstation computers,
several security design considerations have been built into the
MuxBCT app, which aims to keep patient data secure and
private (Figure 4 showsthis). The security design considerations
are divided into three categories: user security, device security,
and data security.

The user security design considerations consist of user
authentication and of logging user interactions. To gain access

http://mhealth.jmir.org/2016/1/e20/
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to the functionality of the MuxBCT app, a user must provide a
username and password, which must then be successfully
authenticated. Additionally, any user interaction that provides
access to patient information will be saved asalog entry in the
MuxBCT server’s database. This enables an audit functionality,
where any potential misuse of the system can be tracked, and
users can be held accountable for their actions.

The device security is based upon not storing any data locally
on the tablet computer and automatically logging out inactive
users. To prevent potential patient dataleaks, the app isdesigned
to store data only temporarily in the memory of the tablet
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computer while the MuxBCT app is being used. Once a user
completes a task with the app, any information related to that
task is cleared from the tablet computer. If any usersareinactive
for more than a predefined period, for example, 20 minutes, the
system will automatically log the user out of the system. The
user will then haveto authenticate again if shewishesto resume
using the MuxBCT app. The system administrator can adjust

Samson et al

the inactivity period that must pass before a user islogged out
of the system.

Letting the tablet app exchange data with the MuxBCT server
only through the hospital’s secure Wi-Fi network ensures data
security. Additionally, all datacommunication is protected with
encryption that relies on the HTTPS protocol (Figure 3). By
encrypting the Bluetooth connection, data entered using an
accessory Bluetooth barcode scanner are protected.

Figure4. Overview of the security design considerations that in unison protect the patient information of the Multiplex Blood Culture Test (MuxBCT)
application (app). It isarequisitethat the security considerations areimplemented before the depl oyment of the MuxBCT app. Wi-Fi isthelocal wireless

network.

User security

Device security

Data security

N - No local data - Secure Wi-Fi
- User authentication
‘ storage network only
- Logging of user - User inactivity - Encrypted data
interaction detection communication

Methods

Study Design

To gain insights about the use of the MuxBCT app, a
preliminary usability evaluation was conducted at the DCM at
Aalborg University Hospital. This alowed the app to be tested
inits normal context of use. The evaluation was structured as
a clinical simulation study and aimed for a high degree of
realism. The study took place within normal working hours at
the DCM, which meant that norma minor background
disturbances occurred, which further aided in making the study
a near-live simulation for the participants. A scenario of use
with a focus on realistic tasks was developed in cooperation
with staff at the DCM, where the MuxBCT app was used to
support result interpretation and data entry of FISH-based blood
culture diagnostic tests. A pilot study was conducted with one
MLT to validate the study design before the main study took
place.

The study aimed to recruit 4-5 participants, which iscommonly
used as a cost-efficient approach for finding usability problems
through usability evaluation methods [14]. An informational
flyer about the study was presented to the MLTs of the DCM.
For inclusion in the study, participants were required to have
prior experience with blood culture analysis. Potential
participants were excluded if they had any prior experiencewith
MuxBCT or the MuxBCT app prototype. A senior staff member
of the DCM handled selection of participantsfor the study, with
a goa of achieving a mixed level of seniority among the
participants. The participants were compensated for their time.

http://mhealth.jmir.org/2016/1/e20/

At the onset of each study session, the participants were
introduced to the concept of the MuxBCT diagnostic test and
the accessory tablet app. The first author acted as test leader
during the study and provided the users with instruction and
training. The study participants then participated individually
inaMuxBCT app training session lasting roughly 10 minutes.
The training session followed a structured approach so each
participant had the same introduction to the app. If the study
participant was not familiar with tablet computers and the
Android operating system, they were given abrief introduction
to this. Once the participant was comfortable with the tablet, a
scenario of use of the MuxBCT app was described for the
participant. Each participant carried out 5 predefined tasks using
the MuxBCT app. The 5 tasks were divided into 24 steps, for
which they received instructions to complete one at atime. If
the participant was stuck on a step, they were allowed to ask
guestions and to receive help from the test leader.

During the study, the participants were not offered any
assistance in the interpretation of diagnostic test results or in
the use of the app. The participants were asked to think-aloud
during the study. After the study, the participants were debriefed
in a short interview that followed a semistructured approach,
which was based on the observations made by the test leader
during the study.

The test leader acted as an observer during the study and took
notes of the participants’ interactions with the tablet app and
the diagnostic tests. Furthermore, all interactionswith thetabl et
app were recorded as a video file with the Android app
Recordable, where user interactions with the app, for example,
touch gestures, were saved as an overlay on the video. Audio
was recorded using a dictation machine and by the built-in
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microphone of the tablet computer. The video and audio files
were transferred to a computer and synchronized, allowing for
analysis of the study results.

The debriefing interviews and the audio data from the users
interaction with the app were analyzed by coding the data
through the process of meaning condensation and categorization
followed by an interpretation of the processed data [15]. An
inductive approach was used in the analysis of video data, which
was supported by the audio data of users thinking aloud during
their interaction with the app. Different types of events were
coded in categories based on their characteristics. Once
structured into themes and categories, the datawere summarized,
which allowed for an analysis of the total time spent for
MuxBCT analysis. In addition, the structured data were
interpreted, which allowed for identifying the users' perspectives
about potential difficulties when interacting with the app.

Materials

The MuxBCT diagnostic test was undergoing development at
the time of the study. While the general concepts of the test
were fully designed, it was not ready for use in a clinical
microbiology laboratory. Therefore, the MuxBCT was
unavailable at the time of the study. Instead, MuxBCT was
simulated by using the QuickFI SH Enterococcus and QuickFISH
Candida (AdvanDx, Woburn, MA, USA) tests. The QuickFISH
tests are predecessors to the MuxBCT and require the same
fluorescence microscopy analysis to interpret test results, but
each QuickFISH test identifies fewer microorganisms. By using
the QuickFISH tests, two out of ten analysis wells of the
MuxBCT were simulated. The use of the two QuickFISH tests
necessitated that the study participants changed the microscopy
slide once during the analysis phase. As part of the training
session, it was explained to the participants that the QuickFISH
tests were used to simulate the MuxBCT.

A senior MLT who had been involved in the MuxBCT app
development process assisted in the study by helping with the
preparation of the QuickFISH tests. Additionally, the senior
MLT inoculated samples drawn aseptically from blood culture
bottles negative at termination of incubation (BacT/Alert,
bioMérieux, Marcy [I'Etoil, France) with the bacteria,
Enterococcusfaecalis or Enterococcus faecium, and the yeasts,
Candida albicans or Candida glabrata, so that each sample
grew two of these microorganisms. Each study participant was
assigned a random blood culture sample to analyze using the
QuickFISH test kits. The study participants were kept blinded
to the microorganisms in their assigned blood culture sample.

For the study, the MuxBCT app was installed on a Samsung
Tab Pro 10.1-inch tablet computer (Samsung Electronics, Seoul,
Korea) running Android 4.4.2. All text in the app wasin Danish,
the first language of the study participants. The tablet was
connected to a CHS 7DiRx 1D Bluetooth barcode scanner
(Socket Mohile, Newark, CA, USA) and the hospital’s secure
Wi-Fi network. Access to the secure Wi-Fi network was
approved by the hospital’s Information Technol ogy Department
before the study took place.

In preparation for the study, the MuxBCT app was connected
to the MuxBCT server. However, because the study was a
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simulation, the MuxBCT server was not connected to the LIS
during the study, but instead returned realistic, fictitious patient
data to the tablet app. All MuxBCT analysis results were sent
to the server and saved in the associated database for later
validation.

Results

Study Participants

Therewerefour MLTsthat participated in theclinical simulation
study, which was conducted in one day at the DCM. All study
participantswerefemale. The mean age of the study participants
was 37 years, and the mean experience in blood culture
diagnostics was 7 years (range 3-14 years). There were three
participants that described their skill level with fluorescence
microscopy as practiced, while one described her skill level as
novice. All participants described themselves as experienced
in the use of mobile phones and tablet computers based on
personal use outside the clinical microbiology department. The
study spanned across several roomsin the clinical microbiology
department. Preparation of the QuickFI SH molecul ar teststook
place in one room with specialized equipment primarily for
molecular diagnostics. The interpretation of the tests required
fluorescence microscopy and took place in a dark room that
was located near the first room. Training and debriefing took
placein alarger room in the department, where there waslittle
activity and few potential disturbances.

Participant Results

All participants correctly identified all microorganisms in the
simulated blood culture samples. The participants correctly
entered their findingsinto the MuxBCT app and submitted them
tothe MuxBCT server. Theanaysisresultswereretrieved from
the database of the MuxBCT server to verify that they had been
transmitted successfully. It was confirmed that all results were
stored correctly in the database. On average, the analysis of the
blood culture sample and data entry of the results into the
MuxBCT app took 10.2 min (range 6.5-16.0 min).

All resultswere entered correctly on thefirst attempt. However,
when two participants attempted to mark their findings, they
initially changed the reference image being displayed instead;
thiswasthe result of clicking on the microscope icon associated
with each possible finding instead of marking the checkboxes
corresponding to their findings (Figure 4). Both participants
noticed that they had not entered the results and marked their
findings successfully before continuing.

During the debriefing interview, three participants expressed
that they found the system useful. A participant noted that she
would prefer to continue making notes of analysis results on
paper and entering them later into the L1S at aworkstation. The
main reasoning behind this was that the text on the tablet
computer was too small to read during data entry (Figure 4).
Another participant also expressed an interest in larger text on
the app. Both of these participants wore glasses, which they
would remove during use of the fluorescence microscope.

It was observed for all participants that they made only minor
use of the reference images displayed during data entry. When
prompted about this during the debriefing, two participants
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explained that the reference images were not needed during the
study, as the samples being analyzed by fluorescence
microscopy provided a clear picture. They remarked that the
reference images would be useful in cases where the
fluorescence signal was less clear. A participant noted that the
reference images would likely be most valuable for users with
limited experience in fluorescence microscopy.

All participants used the barcode scanner successfully to enter
sample identification data into the app. A participant initially
had troubl es entering the sampl e identification with the barcode
scanner because the relevant input field had not been selected
before the barcode was scanned (Figure 4). Throughout the
study, the Bluetooth barcode scanner functioned without loss
of connection to the tablet computer. There were three
participants that expressed that the mobility of the tablet in
combination with the barcode scanner was satisfactory; however,
one participant suggested that aslightly smaller tablet computer
could be used.

The majority of the app’s security features were enabled and
used successfully during the study. The user authentication was
not enabled, as study participants logged in with fictitious user
data. Additionally, the user inactivity detection was not enabled
inthe app, asthe study participantswere not involved in normal
job functions during the study, and thus there was no risk of
inactivity for long periods. During the study, there were no
issueswith loss of connection to the Wi-Fi network at the DCM.

Discussion

Principal Results

The MuxBCT tablet app was developed as a research project
for the facilitation of the MuxBCT diagnostic test that is
designed for rapid identification of bacteriad and fungal
pathogens in positive blood cultures. This study describes the
MuxBCT app and a preliminary usability evaluation of the
MuxBCT tablet app based on a clinica smulation study
conducted at a clinical microbiology laboratory. The MuxBCT
diagnogtic test is intended to provide fast and accurate
identification of microorganisms causing bloodstream infections,
allowing the physician to treat with more appropriate
antimicrobials sooner. However, the use of molecular diagnostic
tests such as MuxBCT involves amore complex workflow than
conventionally used methods of analysis[10]. Specialized apps
such as the MuxBCT app may facilitate the workflow of
diagnostic tests in the clinical laboratory, which can lead to a
more accurate and faster result. In the case of treating patients
with severe sepsis, thisis critical, as each hour of delay in the
administration of an effective antimicrobial treatment is
associated with a decrease in survival rate [16]. While some
speciaized apps may be more suitable for use on existing
workstation PCs, which are commonly distributed throughout
clinical laboratories, this is not a practical solution for the
MuxBCT app, as MuxBCT requires use in a dark room due to
the use of fluorescence microscopy for reading the test results.
Asthe app is designed to guide users through the interpretation
process in a stepwise manner, the app needs to be accessible
directly from the location where thetest is being analyzed. The
results of this study indicate that although there were some
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usability issues for the users to interact with the tablet in the
dark room, the app was viewed as a useful adjunct to this kind
of test and that the light from the tablet did not disturb the
analysis process.

All participants in the study managed to correctly identify and
report the microorganisms from the blood culture samplesthey
examined. The foundation for the use of the app was a short
training session. The participantswere ableto usethe MuxBCT
app for guidance during the examination of the QuickFISH
molecular diagnostic tests. The QuickFISH tests with the same
detection method were used to simulate the MuxBCT, which
was still undergoing development at the time of the study. The
initial classification well could not be simulated by use of
QuickFISH testsin arealistic manner, so, asacompromise, the
participant received instructions of what findings to input for
thiswell. The classifier isamolecular equivalent to the classical
Gram stain with minor differences in distinction between
bacterial groups. Common use of the MuxBCT would require
analysis of the classifier well followed by analysis of three
identification wells. The analysis of additional identification
wellsisonly necessary when the results from the classification
well indicate a polymicrobial bloodstream infection.

The participants were able to access the necessary clinical
information they required during the test without having to
accessthe LIS using aworkstation. Additionally, all participants
successfully made use of the barcode scanner during the study.
During the debriefing interviews, three out of four participants
expressed that they found the system useful. A participant
expressed a preference for writing the results on paper, for
example, like the normal workflow during blood culture
analysis, and later entering the results into the LIS. Some
usability issues were noted during the study, but overall the
usability evaluation found that the MuxBCT app was areliable
tool for facilitating the workflow of the MuxBCT diagnostic
test, as al participants managed to correctly interpret, enter,
and communicate the test results.

The results of the study have led to some updates of the
MuxBCT app. The main structure of the app has not been
changed; however, several changes have been made to improve
the user interface of the app. For exampl e, the font size hasbeen
increased throughout the app, making text more easily readable,
and the check boxes where users mark their findings of
microorganisms have been increased in size.

Based on the results of the development process and this study,
we believe that the involvement of clinical microbiology staff
in the development and evaluation processes of the MuxBCT
app hasled to an improved quality of the app. In general, there
is a growing focus on the need for involvement of medical
professionals throughout the entire app development process
to ensure the quality of the app and to prevent possible patient
harm [17].

The structure of the study was a near-live clinical simulation
that aimed for a high degree of reaism. The study was
conducted in aclinical microbiology laboratory using simulated
blood culture samples, molecular diagnostic tests, and
fluorescence microscopy. The combination of these factors
allowed the MLTs in the study to carry out their analysis with
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minimal assistance from the test leader. This provided findings
about the usability of the system, which may not have been
discovered if other usability evaluation methods had been
applied. The use of athink-aloud protocol may have detracted
from the realism of the study. However, this did not seem to
cause any issues during the study. Furthermore, the think
aloud-protocol was necessary to gain knowledge of the
fluorescence microscopy observations and to confirm that the
participants entered their observations correctly. The realism
of the study may have been further diminished by asenior MLT
assisting with the preparation of the QuickFISH tests and by
the test leader observing the participants during the study, but
thisdid not affect the context of usefor the MuxBCT tablet app.
Therefore, it is unlikely that it had any large impact on the
results of usability evaluation.

A challenge in selecting a device for the MuxBCT app was to
ensure mohility of the system, while providing enough screen
space for displaying the necessary information clearly and
allowing for easy input of data. The mobility of the system was
tested as the study spanned several rooms in the clinical
microbiology laboratory. Although the app has been designed
for use on a 10.1-inch tablet computer, two of the study
participants noted that they would prefer text sizein the app to
be increased. In regards to the mobility of the system, three
study participants noted that they found the mobility of the
system adeguate, while one study participant would prefer a
smaller tablet computer. It may be possible to redesign the app
to support a slightly smaller tablet computer, while increasing
the text size. However, this requires a careful redesign of the
graphical user interface.

While the MuxBCT app was not connected to the LIS during
this study, it was connected to the MuxBCT server. This meant
that it was possible to test communication of test results and to
validate that they were transferred correctly. To simulate LIS
connectivity, fictitious patient data were returned by the
MuxBCT server. The datawere visible by the participant within
the app during the study, which helped to ensure a high degree
of realism. If the system had been connected to the LIS, it may
have induced some additional delays during use of the app while
data was being transferred. However, any such delays would
only affect test setup and result reporting and would not have
changed the evaluation of how the MuxBCT app aided in the
analysis and interpretation of test results, as these steps of the
MuxBCT app do not require communication with the L1S.

Data security of patient information is an important factor to
consider in the development of apps for mobile phones and
tablets [18,19]. To secure the privacy of patient information,
several security related features were built into the MuxBCT
app. The design of security features for the MuxBCT app has
a high similarity to those described by Landman et al used in
the implementation of the CliniCam mabile phone app [19].
While the MuxBCT app required access to the hospita’s
protected Wi-Fi network for use, the participants did not
experience any loss of connectivity during the study. Asclinical
laboratories are of fixed dimensions, it should be amanageable
task to setup adequate Wi-Fi coverage throughout an entire
laboratory. Other mobile device apps for facilitation of clinical
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workflow may experience challenges with sufficient Wi-Fi
network coverage, as larger areas need to be covered [18,19].

Future development on the MuxBCT app could include the
functionality to directly communicatetest results electronically
to selective stakeholders, for example, the patient’s treating
physician or to clinical microbiologists within the DCM. This
could potentially reduce errorsrelated to communication of test
results and reduce the total test turnaround time[20,21]. Future
evaluation studieswill berequired to see how the MuxBCT app
affectsthe use of the MuxBCT diagnostic test once both are put
into daily use in a clinical microbiology laboratory. It should
be stressed that the current iteration of the MuxBCT app was
developed as a research project. If future development of the
MuxBCT app aims to prepare it for commercialization and
regular usein aclinical microbiology laboratory, the app must
conform to national regulatory requirements governing medical
devices.

Limitations

A significant limitation of this study isthe low number of study
participants. Each participant, who was an expert in thefield of
use for the MuxBCT app, conducted an analysis of a positive
blood culture sample with two microorganisms. This allowed
for atotal of 8 microorganisms being successfully identified.
Whilethisnumber istoo low to accurately determinethe quality
of MuxBCT diagnostic test results being facilitated by the
MuxBCT app, these resultsin combination with the resultsfrom
observations and debriefing interviews provided an insight into
the usability of the MuxBCT app.

The realism of the study was also diminished to some degree
by the MuxBCT diagnostic test being unavailable for the study.
Thetest was substituted with the QuickFISH tests, and asthere
is a high coherence between the QuickFISH tests and the
MuxBCT, it isunlikely that this had a significant impact on the
study resullts.

Theresults of the clinical simulation cannot be generalized, as
they are specific to the MuxBCT app being evaluated. However,
our study resultsindicate that aclinical simulationisavaluable
tool for evaluating the usability of amobile device app that aim
to support clinical workflow. Other devel opersand implementers
may find thisas an effectivetool to use preimplementation. The
system design of the MuxBCT app and the considerations of
security features may inspire the design choices of other mobile
apps being developed for clinical use. However, their effect
should be evaluated through a full system implementation in
daily clinical workflow.

Related Work

To our knowledge, there has not been any previous publication
describing the use of amobile phone or tablet computer app for
facilitating the use of a diagnostic test in a clinical laboratory.
However, the use of mobile phone or tablet computer apps
designed for use by health care professionalsin clinical settings
is becoming increasingly common [7,8,18,19,22].

There is a growing interest in clinical simulation studies as a
tool for evaluating usability of hospital information technology
(HIT) [23,24]. It is a common goal of simulation studies to
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create a near-live simulation, which requires a setting
representative to where the system will be used [1,23,25,26].
While most clinical simulation studies focus on the evaluation
of stationary HIT, some simulation studies have been used to
examinethe usability of HIT designed for use on mobile devices
[27,28]. This study differentiates itself from previous clinical
simulation studies, asit took placein aclinical laboratory. This
meant that the context of use for the system being evaluated did
not involve patient contact, but involved a focus on the
diagnostic test laboratory analysis process, which included a
focus on the use of laboratory equipment as part of the user
workflow. A realistic simulation of the use of specialized
laboratory equipment may be difficult to achieve outside an
actual clinical laboratory.

Conclusions

The MuxBCT tablet computer app facilitates the workflow of
anovel molecular diagnostic test using PNA FISH technology
for blood culture analysis and was developed with system
flexibility and security of patient data as high priorities. The
app was developed based on previous analysis of user
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Abstract

Background: Worldwide, depression is rated as the fourth leading cause of disease burden and is projected to be the second
leading cause of disability by 2020. Annual depression-related costsin the United States are estimated at US $210.5 hillion, with
employers bearing over 50% of these costsin productivity loss, absenteeism, and disability. Because most adults with depression
never receive treatment, there is a need to develop effective interventions that can be more widely disseminated through new
channels, such as employee assistance programs (EAPs), and directly to individuals who will not seek face-to-face care.

Objective: This study evaluated a self-guided intervention, using the MoodHacker mobile Web app to activate the use of
cognitive behavioral therapy (CBT) skillsin working adultswith mild-to-moderate depression. It was hypothesi zed that M oodHacker
users would experience reduced depression symptoms and negative cognitions, and increased behavioral activation, knowledge
of depression, and functioning in the workplace.

Methods: A parallel two-group randomized controlled trial was conducted with 300 employed adults exhibiting mild-to-moderate
depression. Participants were recruited from August 2012 through April 2013 in partnership with an EAP and with outreach
through a variety of additional non-EAP organizations. Participants were blocked on race/ethnicity and then randomly assigned
within each block to receive, without clinical support, either the MoodHacker intervention (n=150) or alternative care consisting
of linksto vetted websites on depression (n=150). Participantsin both groups compl eted online self-assessment surveys at baseline,
6 weeks after baseline, and 10 weeks after baseline. Surveys assessed (1) depression symptoms, (2) behavioral activation, (3)
negative thoughts, (4) worksite outcomes, (5) depression knowledge, and (6) user satisfaction and usability. After randomization,
all interactions with subjects were automated with the exception of safety-related follow-up calls to subjects reporting current
suicidal ideation and/or severe depression symptoms.

Results: At 6-week follow-up, significant effectswerefound on depression, behavioral activation, negative thoughts, knowledge,
work productivity, work absence, and workplace distress. MoodHacker yielded significant effects on depression symptoms, work
productivity, work absence, and workplace distress for those who reported access to an EAP, but no significant effects on these
outcome measures for those without EAP access. Participantsin the treatment arm used the MoodHacker app an average of 16.0
times (SD 13.3), totaling an average of 1.3 hours (SD 1.3) of use between pretest and 6-week follow-up. Significant effects on
work absence in those with EAP access persisted at 10-week follow-up.

Conclusions: This randomized effectiveness trial found that the MoodHacker app produced significant effects on depression
symptoms (partial eta® = .021) among employed adults at 6-week follow-up when compared to subjects with access to relevant
depression Internet sites. The app had stronger effects for individuals with access to an EAP (partial eta® = .093). For all users,
the MoodHacker program also yielded greater improvement on work absence, as well as the mediating factors of behavioral
activation, negative thoughts, and knowledge of depression self-care. Significant effects were maintained at 10-week follow-up

for work absence. General attenuation of effects at 10-week follow-up underscores the importance of extending program contacts
to maintain user engagement. This study suggests that light-touch, CBT-based mobile interventions like MoodHacker may be
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appropriate for implementation within EAPs and similar environments. In addition, it seemslikely that supporting M oodHacker
users with guidance from counselors may improve effectiveness for those who seek in-person support.

Trial Registration: ClinicaTrials.gov NCT02335554; https://clinicaltrials.gov/ct2/show/NCT02335554 (Archived by WebCite

at http://lwww.webcitation.org/6dGX KWjWE)

(JMIR mHealth uHealth 2016;4(1):€8) doi:10.2196/mhealth.4231
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Introduction

Background

Major depressive disorder is one of the most prevalent mental
conditions to afflict adults in the United States, with estimates
in the United States for major depression of 16.6% for lifetime
occurrence and 6.7% for a 1-year period [1,2]. Worldwide,
depressionisrated asthe fourth leading cause of disease burden,
and the World Health Organization projects that by 2020
depression will rank as the second leading cause of disability
[34]. The prevalence of mild-to-moderate or subclinical
depressionisequal to, or greater than, major depressive disorder,
with lifetime rates up to 26% and annual prevalence of 5-10%
[5,6]. Subclinical depression is associated with substantial
functional impairment, including poor work performance[3,7-9].
Further, subclinical depression is associated with a two- to
five-fold increased risk of full-syndrome depressive disorders
[10-13].

Based on datafrom 2010, depression-related costsin the United
States exceeded US $210.5 billion, with employers incurring
US$102 billioninlossesdueto presenteeism (US $78.7 billion),
absenteeism (US $23.3 hillion), and disability, and another US
$98.9 billion incurred as direct medical costs [14]. Each year,
US employers lose approximately 32 workdays per depressed
employee to presenteeism [14]. Approximately 40% of direct
medical costs are dueto major depressive disorder, 10-11% are
due to other depressive conditions, and roughly half of costs
(48-51%) are dueto comorbid physical or psychiatric conditions,
such as pain and sleep disorders[14]. In addition, the economic
costs of subclinical depression are considerable, approximately
two-thirds the per capita costs of major depression [15-18].

Because most adults who suffer from depression never receive
treatment [19], there isaneed to devel op interventions that can
be more widely disseminated, such as through channels like
employee assistance programs (EAPs) and directly toindividuals
who will not seek face-to-face care. Interventions that reduce
the performance-impairing symptoms of subclinical depression
and prevent the onset of major depression can improve employee
well-being, while reducing health care costs and improving
productivity [20]. EAPs offer services specifically designed to
improve and/or maintain workplace productivity, including
individual mental and behavioral health services offered to
employees and family members experiencing personal
difficulties, like depresson. With wide reach into
medium-to-large US employers and rapidly growing reach
worldwide, EAPs offer a meaningful channel for delivering
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effective interventions as part of a larger population health
management strategy.

Cognitive Behavioral Therapy for Depression

The Coping with Depression (CWD) cognitive behavioral
therapy (CBT) skills-training program [21,22] is based on
behavioral [23,24] as well as cognitive formulations of
depression [25-27]. The CWD skills-training program combines
cognitive and behavioral strategies aimed at ameliorating
problems common to depressed individuals (eg, pessimism,
internal, global, and stable attributions for failure; low
self-esteem; low engagement in pleasant activities; poor social
skills; anxiety and tension; low social support; and increased
conflict) with a focus on awareness of specific and current
actions and cognitions as targets for change. CWD-based
interventions are based on the premise that activating a variety
of coping skills and strategies allows depressed individuals to
effectively address the diverse personal and environmental
triggers that underlie their depressive symptoms.

The CWD approach has been validated for use with a variety
of age, gender, and race/ethnic groups and using a variety of
delivery methods, including as a guided self-help intervention
[28]. Based on a meta-analysis of 18 CWD-based intervention
studies, the approach has been associated with clinically
significant effects ranging from d=0.28 to 0.62, depending on
the outcome measure used [28]. In trids that targeted adults
with subthreshold depression, CWD participantswere 38% less
likely to escalate to full-syndrome depression [28].

Positive Psychology I nterventions for Depression

Cognitive and behavioral approaches to mood have evolved
from afocus on treating disorders to including an emphasis on
promoting positive emotion and experiences. Positive
psychology interventions (PPIs), such asmindful self-awareness,
gratitude expression, and identifying and utilizing strengths,
have been shown to impact both well-being and depressive
symptoms[29-31]. Mindfulness and acceptance areincreasingly
integrated in CBT approaches to depression self-management,
drawing attention to both increasing positive cognitions and
experiences, and accepting or releasing negative cognitions.
Mindfulness-based interventions are particularly effective for
managing stressors and enhancing positive emotions, resulting
in psychological and socia benefits and reducing depression
symptoms [31-35]. PPIs that focus on building conscious
awareness and expression of gratitudeincrease positive emotion
and yield a wide variety of physical and affective benefits
[31,36-38]. ldentifying and using one's strengths has been
shown to have robust emotiona effects, and setting
strength-based goals and plans has been shown to increase
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optimism and reduce depression, with long-lasting effects
[31,39-41].

Web and M abile Delivery of Depression | nterventions:
Efficacy

Internet-delivered CBT-based programsfor depression symptom
management have been shown to be effective both for adults
with major depressive disorder and those with elevated, but
subthreshold, depression symptoms, although one recent review
identified concerns with dropout and lack of long-term effects
[42-45]. Traditiona computer- and Internet-based CBT
programs typically involve four to 12 lessons or modules
ddivered in sequence, either weekly or self-paced [43,46]. Effect
sizes have been estimated at d=0.44-1.90 for clinician-supported,
and d=0.21-0.70 for self-guided, interventions [42-45,47,48].
Onereview reports somewhat larger effectsin studiestargeting
populations with clinically significant depression symptoms
(d=0.42-0.65) than for populations with mild-to-moderate
symptoms (d=0.30-0.53) [43].

To date, very few randomized clinical trials of mobile apps
targeting depression have been published in the peer-reviewed
literature [49]. We found only one such study specifically
targeting adults with mild-to-moderate depression [50,51]. In
this study, participants who used the CBT-based myCompass
app, delivered via mobile phone and Internet, reported
improvements in depression and anxiety at 7-week post-test
compared to an attention control intervention and awaiting list
condition. Treatment gains were maintained at 3-month
follow-up, and improvementsin the attention control condition
matched those of the myCompass group [50].

The SuperBetter mobile Web app was evaluated in athree-arm
randomized controlled trial, with results showing the original,
“general” version of SuperBetter—with activities focused on
self-esteem and socia support—more effective at reducing
depressive  symptoms  over both a  combined
SuperBetter-plus-CBT and positive psychology strategies
condition and the waiting list condition. Ly et a [52] found no
between-group effects between mobile-based behavioral
activation and mindfulness appsfor depression. Kauer et a [53]
and Reid et a [54] found no differences in the Depression,
Anxiety, and Stress Scale scores between a mobile app with
ecological momentary assessment (EMA)-based emotional
self-awareness training and feedback and an attention control
condition. Watts et al [55] reported statistically significant large
within-group effect sizes for depression symptoms in a
nonrandomized study of their CBT-based Get Happy mobile
app, which was derived from, and evaluated against, its
Web-based predecessor, The Sadness Program. Burnset al [56]
conducted asingle-group pre/post pilot of Mobilyze!, awebsite
with a mobile EMA component, finding large within-group
effect sizes on depressive symptomatol ogy.

The CWD-based Overcoming Depression on the Internet
program provided early evidence that a Web-based program
with reminderswas effective in reducing depression symptoms,
particularly among individual swith mild-to-moderate depression
[57,58]. Spek et a [59] found similar improvements among
individuals over 50 years old with subthreshold depressive
symptoms from a CWD-based, self-administered Internet
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treatment program and those receiving CWD-based group
therapy, both significantly greater than the improvement seen
inwaiting list controls. Treatment effectsfor the I nternet-based
group were maintained 1 year following treatment [60].

Web and M abile Delivery of Depression | nterventions:
Access

Internet delivery of mental health interventions offersindividuals
with online technology broad access to evidence-based
treatment. Mobile apps offer an additional channel to increase
access further, both as self-guided tools and as those supported
by counseling professionals, such as EAPs. Globally, use of
mobile and broadband mobile services is rising, while fixed
broadband serviceisdowing, especially in developing countries
[61]. Worldwide penetration of broadband mobile services
doubled between 2011 and 2014 to an estimated 32% (84% in
developed countries and 21% in devel oping countries) [61]. In
2014, there were nearly 7 billion active mobile subscriptions
worldwide, with 2.3 billion using broadband services [61]. In
2015, 64% of Americans owned a mobile phone and 19% used
it for their only or primary access to the Internet [62]. Mobile
phone-dependent Americanstend to be younger, nonwhite, and
have low income and education [62]. Capitalizing on mobile
Internet access asadelivery channel for evidence-based mental
health interventionsis critical.

Mobile interventions offer the potential for anytime, anywhere
convenience and the ability to promote regular use of behavioral
and cognitive self-management strategies known to impact
mood. Consumers express high interest in, and willingness to
use, mobile phones and short message service (SMS) text
messaging to monitor and manage symptoms and cite essential
considerations such as ease of use, privacy, and security [63-66].
Proven mobile apps can provide atool for clinical professionals
to use with help-seeking clients, while aso increasing access
and retention over in-person mental health services [67,68].
Unfortunately, although the consumer app stores offer over 200
depression-specific apps, judging the credibility and efficacy
of those appsis difficult without clinical validation [69].

MoodHacker Mobile Intervention

The MoodHacker mobile intervention is one of few clinically
validated CBT-based depression self-management mobile apps
currently available. MoodHacker isdesigned to directly activate
key cognitive and behavioral skills from the validated CWD
program [21] and positive psychology strategies[70] (eg, mood
and positive activity planning and tracking, cognitive
restructuring, mindful self-awareness, gratitude expression, and
identifying and utilizing strengths). In contrast to the more
common lessons-based structure of many online and maobile
CBT programs, MoodHacker is optimized for a brief daily
interaction with the high-quality production value and mobile
user experience common in consumer maobile apps.

Objectives

To demonstrate the efficacy of this light-touch, mobile, Web
CBT-based experience, we compared MoodHacker as a fully
self-guided intervention to an alternative-treatment control group
that received an email with links to vetted online information
about depression. It was hypothesized that MoodHacker users
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would experience reduced depression symptoms and negative
cognitions, and increased behavioral activation, knowledge of
depression, and functioning in the workplace. This study of the
MoodHacker intervention extends the evidence base for

CBT-based mobile interventions for adults with
mild-to-moderate  depressive symptoms. Because the

MoodHacker mobile Web app was designed primarily to target
employees who present with depression through their EAP, the
extent to which the program effects generalize to userswith and
without access to EAP support was an important research
question.

Methods

Research Design

The efficacy of the MoodHacker mobile Web app intervention
was assessed with a randomized controlled tria
(Clinical Trials.gov NCT02335554) with two factors: condition
and EAP access (ie, subjects who had access to an EAP versus
those who did not). See Multimedia Appendix 1 for the
CONSORT-EHEALTH checklist for the trial [71]. There were
three assessments: baseline, follow-up at 6 weeks after baseline,
and follow-up at 10 weeks after baseline. After screening into
the study, agreeing to the online informed consent, and
submitting the baseline assessment, participants were blocked
on racelethnicity and randomized within block into either (1)
treatment intervention group (n=150), which used the
MoodHacker intervention for 6 weeks, or (2) alternative care
group (n=150), which received links to six websites with
information about depression. All study protocols, the consent
process, and subject communications were reviewed and
approved by the ORCAS Institutional Review Board (IRB) for
protection of human subjects. There were no changesto thetrial
design after the trial commenced.

Participants

Inclusion criteriafor participation were defined as follows: (1)
18 years or older, (2) mild-to-moderate depressive symptoms
as measured by the Patient Health Questionnaire-9 (PHQ-9)
(score of 10-19), (3) not currently suicidal or meeting criteria
for bipolar or schizoaffective disorder, (4) employed at least
part time, (5) English speaking, and (6) have access to a
high-speed Internet connection. Eligibility was assessed using
a two-stage screening protocol. In total, 3064 individuals
completed an online screening survey, which included questions
on demographics, technology access, and depression symptoms
(using the Patient Health Questionnaire-2 [PHQ-2]), aswell as
brief screening for bipolar and schizoaffective disorders. Of
those, 856 (27.94%) qualified for secondary tel ephonic screening
to morefully assesstheir depression symptomswith the PHQ-9
and to confirm their assessmentsfor bipolar and schizoaffective
disorders. Of those 856 who qualified, 294 (34.3%) individuals
failed to complete the secondary screening, 205 (23.9%) did
not meet the PHQ-9 criteria, 44 (5.1%) endorsed suicidal
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ideation or showed symptoms of bipolar or schizoaffective
disorder, and 13 (1.5%) were dropped due to suspicion of fraud
(seebelow). A total of 300 individuals out of 856 (35.0%) from
37 US states completed the online baseline assessment and were
randomly assigned to one of two conditions: treatment or
aternative care. See Figure 1 for a CONSORT diagram
describing study enrollment and allocation.

Study Setting and Data Collection

Participants were recruited from August 2012 through April
2013 in partnership with severa organizations, including
Chestnut Global Partners EAP as our primary recruitment
partner. Non-EAP recruitment partnersincluded Hopeto Cope,
Esperanza, Mental Health America, National Alliance on Mental
[lIness, LIVESTRONG, eHow, other eHealth websites, Chamber
of Commerce offices, employee support organizations, and
Craigdlist. Outreach was conducted via the Chestnut EAP call
center, print ads, online postings and ads, email listservs, and
flyers. All interested potentia participants were directed to an
informational website that described the broad characteristics
of the study’s purpose, activities, and compensation, concluding
with an online screening survey.

All subjects participated fully online from the location(s) of
their choice, using their own Internet-capable computers and
mobiledevices. All self-report, online screening and assessment
data were collected via encrypted websites. Upon
prequalification based on the initial screening survey, research
staff conducted tel ephone interviews with potential participants
to determine eligibility per the inclusion criteria referenced
above. Potential participants who reported current suicidal
ideation and/or bipolar or schizoaffective disorder during
screening were offered appropriate resources according to an
IRB-approved crisis protocol and were excluded from the studly.
The number of participants who self-identified with bipolar
disorder symptomsin theinitial screening survey was elevated
due to suspected fraudulent individuals attempting to qualify
with severe symptoms.

Throughout the study, individual swho reported current suicidal
ideation and/or severe depression symptoms (PHQ-9 > 19) were
contacted by telephone and offered appropriate resources
according to an |RB-approved crisis protocol. Callswere made
to 114 individuals (50 treatment, 64 control) and all remained
in the study. No subjects reported suicide risk severe enough
to transfer to asuicide hotline. Nor did any subjects report any
adverse events related to the use of the MoodHacker app via
email or during follow-up calls. Although research assistants
were aware of group assignment, all other interactions with
subjectswere delivered by emailsthat were standardized across
groups and fully automated to avoid differential interactions by
group assignment. All other research team members were
blinded and, aside from crisis calls, no research team members
had direct interaction with subjects after randomization.
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Figure 1. CONSORT diagram for the MoodHacker randomized trial .
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Lack of direct contact with study participantsin afully online
study lends itself to potential participants self-reporting false
information to qualify (eg, same name or IP address shows
inconsistent age, gender, race, and/or ethnicity across multiple
attempted screenings). To identify these individuals,
demographic and contact datawere cross-checked for fraudulent
information against other individuals in the study database, as
well as in our database of over 20,000 records of previous
Internet study applicants. Those suspected of submitting
fraudulent data were dropped from the study prior to
randomization.

To enhance sample representativeness in each experimental
condition, qualified participants were blocked on race/ethnicity
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and then randomly assigned within each race/ethnicity block to
condition—treatment or alternative care—using the random
number function in our subject database. Emails indicating
group assignment and linking partici pantsto the onlineinformed
consent form were auto-generated in the database and sent to
participants by a research assistant. Upon completion of the
consent form, they were immediately linked to the online
baseline self-assessment. Participants also completed online
follow-up self-assessments at 6 weeks and 10 weeks after
baseline. Participants were compensated US $50 per completed
assessment.
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Study Conditions

Overview

After completing the baseline assessment, participants in the
treatment condition were emailed a link to the MoodHacker
mobile Web app and instructed to use the app for the next 6
weeks. Participants in the aternative care condition were sent
an email with linksto credible online resources about depression
and instructed to review it on their own schedule for the next 6
weeks. Alternative care participants were offered use of the
MoodHacker app upon completion of the 10-week assessment.

Treatment: MoodHacker App | ntervention

The MoodHacker responsive mobile Web app was designed to
educate users about depression and the benefits of CBT-based
strategies to improve mood self-management and to activate
(1) daily mood and activity monitoring, (2) increased
engagement in positive behavioral activities, (3) decreased
negative thinking and increased positive thinking, (4) increased
practice of gratitude, mindfulness, and strength-based cognitions
and behaviors, and (5) daily practice of these skills to improve
depression symptoms and increase resilience to future mood
disturbances.

The 6-week MoodHacker intervention is structured around the
key learning and behavioral objectives above. Content was
adapted from the CWD group therapy course[21], and enhanced
with mindfulness-based [33] and other evidence-based positive
psychology strategies[29,31,36]. Content is sequenced to follow
the enhanced CWD approach and delivered through daily emails,
in-app messaging, and in the Articles & Videos library. Daily
emails (see Figure 2) are sent to engage users in program
content, provide sequenced guidance through the learning
objectives in the articles and whiteboard-style videos, givetips
for getting the most out of MoodHacker, and prompt the user
to track their mood and activities daily. Users are encouraged
to view the articles and videos as ordered, but viewing is not

Figure 2. Sample MoodHacker daily email.
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restricted, and users can view content according to their interests.
Theemalls, articles, and videos promote daily use of thefeatured
cognitive and behavioral skills outside the app experience.

Users are encouraged to monitor their mood and positive
cognitive and behavioral activities daily via mobile and/or
desktop accessto MoodHacker. Thetracker showsdaily (Figure
3), weekly (Figure 4), and monthly viewsto highlight progress
over time and patterns between positive activities and mood
ratings. A customizable list of positive activities is presented
by domain and promotes the types of activities known to have
the highest impact (ie, social, physical, and success). Thetracker
includes a journaling feature for users to note mood triggers,
experiences with the suggested activities, or personal
information about their day. A goal-setting feature allows the
user to set agoal for the number of positive activities they want
to accomplish each day.

Participants in the treatment am accessed the
password-protected MoodHacker app with unique usernames
and passwords provided for the study. Although daily app use
was recommended in the app content, participants were not
required to achieve any app use milestones to advance through
the app experience. Participants received no clinical support as
part of the study.

Development of the MoodHacker app was undertaken by a
multidisciplinary team of researchersand developersat ORCAS,
input was incorporated from experts with extensive experience
in CBT-based self-management interventions for adults with
depression and the benefits of positive psychology. Additional
program modifications were made based on datafrom individual
interviews and iterative user testing with the population of
interest during the formative and production phases of the
project. The randomized trial was conducted with the first
version of the MoodHacker app. No changes were made to the
app during the study period.

moodhacker
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Figure 3. MoodHacker daily mood and activity tracking page.
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Alternative Care: Vetted Websites

Alternative care participants received an email with links to
vetted online information about depression from Help Guide
[72], the Mayo Clinic, Mental Health America [73], and the
National Institute of Mental Health [ 74]; they were encouraged
to browse these sites on their own schedule for 6 weeks. The
educational links were emailed after the baseline assessment.
Participantsin the aternative care group were then given access
to the MoodHacker program after the 10-week assessment.

Outcome M easures

Overview

Online surveyswere used to assessthe following: (1) depression
symptoms, (2) behavioral activation, (3) negative cognitions,
(4) worksite outcomes, (5) knowledge, and (6) user satisfaction
and program usability. The primary outcome measure was
depression symptoms, which wasthe target of the intervention.
Secondary or exploratory measures included the following: (1)
potential mediators (ie, behaviora activation, negative
cognitions, and knowledge) and (2) potential worksite outcomes
that may be influenced by improvement in worker depression.

http://mhealth.jmir.org/2016/1/e8/
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Participants completed self-report assessments at each of the
assessment points: baseline, 6 weeks, and 10 weeks.

Demographics

Demographic datawere collected during the screening process,
including the following: (1) gender, (2) age, (3) race/ethnicity,
(4) marital status, (5) highest completed education, (6)
household income, and (7) employment status.

Depression Symptoms

Depressive symptomatol ogy was assessed at each assessment
point using the self-reported PHQ-9 (alpha=.71) [ 75] to assess
the nine symptoms of major depression, based on the Diagnostic
and Statistical Manual of Mental Disorders, 4th edition
(DSM-1V). The PHQ-9 has been shown to be a reliable and
valid brief depression assessment tool [76]. Scores are summed,
with higher scores indicating higher dysfunction.

Behavioral Activation

How actively individuals are taking care of themselves,
including making positive life choi ces, was expected to increase
as a result of the intervention. Behaviora activation was
measured using the Behavioral Activation for Depression Scale
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(BADS) Short Form [77,78]. This scale consists of nine items
(alpha = .67). Items are summed, with lower scores indicating
higher dysfunction.

Negative Thinking

Change in negative thinking was assessed using the Automatic
Thoughts Questionnaire-Revised (ATQ-R) scale Short Form
[79]. A 12-item adaptation of the ATQ-R instrument asked
respondents to rate how many times over the past week they
have had thoughts that are consistent with 12 negative
self-statements (alpha = .92). Items are summed, with higher
scores indicating higher dysfunction.

Knowledge

Participants were assessed for increase in knowledge about
depression. The scale consisted of 14 multiple-choice items
developed for this study based on the 12 learning objectives
addressed in the MoodHacker articles and videos. Higher scores
indicate higher knowledge. Test/retest reliability over a6-week
interval for this scale was .65.

Worksite Outcomes

Worker productivity was assessed using the Work Limitations
Questionnaire (WLQ) (alpha = .87) [80-82]. The WLQ Short
Form consists of eight items divided into four subscales
measuring the degree to which a person was limited in their
job’s (1) time demands, (2) physical demands, (3) mental
demands, and (4) output demands. Work productivity loss was
calculated using methods outlined by Lerner and colleagues
[83], with higher scores indicating greater loss in worker
productivity.

Productivity loss due to work absence was assessed using the
two-item WLQ Work Absence Module, which asks about the
number of full days and part days missed in the last 2 weeks
due to health problems or medical care [84]. The percentage of
productivity lost due to absences is the ratio of total missed
hours to total usual work hours in a 2-week time frame [85].
Higher scores indicate greater work |oss due to absence from
work.

Worksite outcomes were also assessed using the Workplace
Outcome Suite (WOS) (alpha = .74-.88) [86]. This instrument
is designed as an open-access instrument to facilitate empirical
research on EAP interventions. The suite contains five scales,
with fiveitems each, that assessworkpl ace distress, absenteeism,
presenteeism, work engagement, and life satisfaction. Each
scale is summed separately, with three scales—workplace
distress, absenteeism, and presenteei sm—indicating dysfunction,
and two  scales—work  engagement and life
sati sfaction—indicating positive workplace outcomes.
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User Satisfaction and Program Usability

At 6 weeks, treatment participants completed the System
Usability Scale, which is a quantitative measure of program
ease of use [87]. The scale includes 10 items, and users were
asked to what degree they agreed or disagreed with program
use and satisfaction statements on a 6-point scale from 1
(strongly disagree) to 6 (strongly agree). ltems were scored
using methods outlined by Bangor and colleagues [88], with a
higher score indicating higher usability.

Statistical Analysis

Statistical power calculations for the analysis of covariance
(ANCOVA) indicated that a sample size of 300 yielded
sufficient power (>.80) to detect a condition effect of Cohen’s
d=0.34 or larger (moderately small effect size). A recent
meta-analysis of Internet-based CBT interventions for
depression [59] had found a mean effect size of d=0.32 for
change in depressive symptoms and the mean effect size
obtained in arandomized pilot study evaluating an abbreviated
prototype of this app was d=1.05. Thus, this sample size
provided adequate statistical power to detect the anticipated
effects for the primary outcomes of interest.

Univariate effects of intervention condition, EAP access, and
their interaction on outcome measures were examined using
between-subjects ANCOVA, adjusting for pretest outcomes.
These analyses were conducted to evaluate effects on outcome
measures assessed at both 6-week and 10-week follow-up. If
the condition by EAP access interaction was significant for an
outcome measure, separate subpopulation ANCOVA analyses
were conducted on that outcome measure for subjects with and
without EAP access. We explored dose-response rel ationships
and self-monitoring participation within the treatment group by
correlating processindicantswith changein outcome measures.
All subjects were included in intent-to-treat (ITT) analyses at
each follow-up. Prior to conducting these analyses, we employed
the singleimputation procedure availablein SPSS, version 21.0
(IBM Corp) to account for missing data. Alphawas set to P<.05,
two-tailed, for all tests.

Results

Baseline Equivalency and Attrition

The expectation of baseline equivalency due to random
assignment of groups was examined. The treatment and
aternative care groups were compared on demographic
characteristics and outcome measures collected at pretest.
Contingency table analyses and t tests were conducted on
categorical and continuous measures, respectively. The groups
did not significantly differ on any demographic characteristics
or pretest outcome measures. See Table 1 for demographic
descriptive data.
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Table 1. Demographic characteristics by condition.

Demographic characteristics Treatment Alternative care
(n=150) (n=150)

Agein years, mean (SD) 40.6 (11.5) 40.7 (11.2)

Number of children, mean (SD) 20(1.2) 20(1.2)

Ethnicity, n (%)

Hispanic/Latino 22 (14.6) 21(14.0
Non-Hispanic/Latino 128 (85.3) 127 (84.7)
Race, n (%)
Asian 3(2.0) 6 (4.0)
Hawaiian 1(0.7) 0(0)
African American 32(21.3) 25(16.7)
Caucasian 102 (68.0) 105 (70.0)
Mixed 9(6.0) 9(6.0)
Gender, n (%)
Female 112 (74.6) 118 (78.7)
Male 37 (24.7) 32(21.3)
Employment status, n (%)
Full time 84 (56.0) 92 (61.3)
Part time 53(35.3) 46 (30.7)
Self-employed 13(8.7) 12(8.0)
Marital status, n (%)
Married/living with partner 78 (52.0) 72 (48.0)
Divorced 22 (14.7) 23(15.3)
Widowed 3(2.0) 2(1.3)
Separated 5(3.3) 5(3.3)
Single 42 (28.0) 47 (31.3)
Education, n (%)
High school diplomaor GED? 9(6.0) 20(13.3)
Some college, associates, trade school, military 54 (36.0) 47 (31.3)
College degree (ie, BA or BSY) 60 (40.0) 54(36.0)
Graduate school/professional training 27 (18.0) 28 (18.7)
Annual household income (US $), n (%)
$19,999 or less 21(14.0) 22 (14.6)
$20,000-$39,999 46 (30.7) 42 (28.0)
$40,000-$59,999 25(16.7) 29 (19.3)
$60,000-$79,999 30(20.0) 29 (19.3)
$80,000-$99,999 12 (8.0) 14 (9.3)
$100,000 or more 16 (10.7) 13(8.7)
EAP % access, n (%)
Yes 46 (30.6) 45 (30.0)
No 99 (66.0) 100 (66.7)

8GED: General Educational Development.
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PBA: Bachelor of Arts.
°BS: Bachelor of Science.
dEAP: employee assistance program.

The extent to which attrition threatened the internal and external
validity of the study was evaluated using contingency table
analyses and analysis of variance (ANOVA). Participants who
completed each of the follow-up assessments were compared
to those who did not complete that follow-up with respect to
demographic characteristics and pretest outcome measures. We
also conducted analysesto test whether outcome variableswere
differentially affected across conditions by attrition. These latter
analyses examined the effects of condition, attrition status, and
their interaction on pretest outcomes. Examination of attrition
between pretest and 6-week follow-up revealed only 10 out of
150 (6.7%) treatment participants did not complete the
assessment compared to 4 out of 150 (2.7%) aternative care
participants. Only 10 out of 150 (6.7%) treatment participants
did not complete the 10-week follow-up assessment compared
to 5 out of 150 (3.3%) aternative care participants. Attrition
rates did not significantly differ by condition. Moreover, we
found no statistically significant differences in demographic
characteristics or baseline outcomes by attrition status, nor did
wefind any statistically significant interactions between attrition
and condition predicting baseline outcomes, suggesting that
attrition was not systematic.

Analyses compared baseline demographic data of subjectswith
EAP access versus those without EAP access. Subjects with
EAP access had significantly more children (P=.003), consisted
of fewer Hispanics (P=.01), were more likely to have full-time
employment (P=.001), had ahigher level of education (P=.047),
and had a greater income (P=.001).

I ntervention Effects

Table 2 provides ANCOVA results for al outcome measures
at 6-week and 10-week follow-up. Multimedia Appendix 2
provides means and standard deviations for each outcome by
assessment time and condition, along with pretest to 6-week
follow-up and pretest to 10-week follow-up outcome analyses.

Primary Outcome: Depression Symptoms

From pretest to 6-week follow-up, the ANCOVA with the full
sample found statistically significant program effects on
depression symptoms (PHQ-9) (P=.01, partial eta® = .021).
However, a statistically significant
condition-by-user-EAP-access interaction effect was also
obtained (P=.05, partial eta® = .013), indicating differential
program effects depending upon subjects access to an EAP.
Separate subpopulation analyses indicated significant positive
program effects for subjects with EAP access (P=.004, partial
eta’ = .093) and no program effects for subjects without EAP
access (P=.66, partial eta® = .001). From pretest to 10-week
follow-up, the condition-by-EAP-access interaction effect was
not statistically significant (P=.21, partia eta® = .005), so
subpopul ation analyseswere not indicated. The ANCOVA with
thefull samplefound that there were no program effects (P=.17,

partial eta® = .006) at 10-week follow-up.
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Mediator Outcomes: Behavioral Activation, Negative
Thoughts, and Knowledge

From pretest to 6-week follow-up, the ANCOVA with the full
sample found statistically significant positive effects for the
program on each mediator measure: BADS (P=.004, partial eta’
= .027), ATQ-R (P=.01, partia eta’ = .020), and knowledge
(P=.02, partiad eta® = .017). The condition-by-EAP-access
interaction effects were not statistically significant on any of
the mediator measures, indicating that there was no need for
subpopulation analyses. From pretest to 10-week follow-up,
the condition-by-EAP-access interaction effects were not
statistically significant on any of the mediator measures. The
ANCOVA with the full sample found statistically significant
program effects on BADS (P=.01, partial eta® = .021), but not
on ATQ-R (P=.34, partial eta? = .003) or knowledge (P=.55,
partial eta® = .001).

Worksite Outcomes

From pretest to 6-week follow-up, the condition-by-EA P-access
interaction effects were statistically significant on the WLQ
productivity |oss measure (P=.048, partia et = .016), the WLQ
work absence measure (P=.048, partia eta® = .016), and the
workplace distress measure (P=.03, partial eta® = .017).
Consequently, subpopulation analyseswere carried out for these

measures only. The ANCOVA with the full sample at 6-week
follow-up found statistically significant program effects on
WL Q work absence (P=.003, partial eta? = .032). No statistically
significant program effects were found on the following: WLQ
productivity loss (P=.20, partial eta? = .007), WOS absenteeism
(P=.16, partia eta’ = .007), WOS presenteeism (P=.09, partial
eta? = .010), WOS engagement (P=.75, partial eta® = .001), or
WOS life satisfaction (P=.12, partia eta’ = .008). However,
separate subpopulation analyses at 6-week follow-up on the
WL Q productivity loss measure indicated significant positive
effects of the program for subjects with EAP access (P=.047,
partial eta” = .052) and no program effects for subjects without
EAP access (P=.60, partial eta® = .002). Similarly, subpopulation
analyses at 6-week follow-up on the WLQ work absence
measure indicated significant positive effects of the program
for subjects with EAP access (P=.02, partial eta® = .070) and
no program effects for subjects without (P=.51, partial eta’ =
.002). Lastly, the WOS workplace distress measure indicated
significant positive effects of the program for subjectswith EAP
access (P=.007, partial eta® = .080) and no program effects for
subjects without (P=.64, partial eta’ = .001).

From pretest to 10-week follow-up, the
condition-by-EAP-access interaction effects were statistically
significant on the WLQ work absence measure (P=.04, partial

eta’ = .016). Consequently, subpopulation analyseswere carried
out for this measure only. The ANCOVA with the full sample
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at 10-week follow-up found statistically significant program
effects only on the WL Q work absence measure (P=.02, partial

eta® = .022). Separate subpopulation analyses at 10-week
follow-up on the WLQ work absence measure indicated
significant positive effects of the program for subjectswith EAP

access (P=.03, partial eta® = .060) and no program effects for
subjects without EAP access (P=.78, partial eta’ = 0).
Program Utilization, Satisfaction, and Usability

On average, participants in the treatment arm logged into the
MoodHacker app 16.0 times (SD 13.3, range 1-49) for atotal

http://mhealth.jmir.org/2016/1/e8/
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duration of 1.3 hours (SD 1.3, range 0-6.5) between pretest and
6-week follow-up. The average rating of program satisfaction
was 4.6 (SD 1.0) on a 6-point scale, indicating that the
participants were mostly satisfied with the intervention.
Participants also completed the System Usability Scale [87] at
the 6-week follow-up, which provides a quantitative measure
of program ease of use. The average System Usability Scale
scorewas 79.7 (SD 17.1), corresponding to ausability grade of
B+ for the intervention program.
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Table 2. ANCOVA®P results for all outcome measures at 6-week and 10-week follow-up.

Outcome measure/condition Pretest to 6-week follow-up condition effect  Pretest to 10-week follow-up condition ef-
fect
F P Partial eta’ F P Partial eta’

Depression symptoms, PHQ-9 cd

All subjects (n=300) 6.20 o1e 021 0.93 34 .003

EAF (n=91) 900  .004 .093 N/AY N/A N/A

Non-EAP (n=209) 0.20 .66 .001 N/A N/A N/A
Mediator outcomes

BADSM (n=300) 826  .004 027 6.39 01 021

ATQ-RY (n=300) 609 .01 .020 1.90 17 .006

Knowledgel (n=300) 515 .02 017 0.37 55 .001
Worksite outcomes

WLQ k productivity loss d

All subjects (n=300) 166 .20 .007 1.02 31 .004
EAP (n=91) 409 047 052 2.14 15 027
Non-EAP (n=209) 028 .60 .002 0.10 76 .001

WLQ work absence

All subjects (n=300) 869  .003 032 592 02 022
EAP (n=91) 613 .02 070 5.19 03 060
Non-EAP (n=209) 044 51 002 0.08 78 0

wos' workplacedistressd

All subjects (n=300) NA  NIA N/A 132 25 004
EAP (n=91) 763 007 080 N/A N/A N/A
Non-EAP (n=209) 022 .64 001 N/A N/A N/A
WOS absentesism (n=300) 197 16 007 124 27 004
WOS presentesism (n=300) 292 .09 010 1.40 24 005
WOS engagement' (n=300) 010 .75 001 0.01 99 001
WOS life satisfaction' (n=300) 250 .12 008 0.65 42 002

8ANCOVA: analysis of covariance.

BIntent-to-treat model: missi ng data were addressed via a single imputation procedure.
®PHQ-9: Patient Health Questionnaire-9.

da higher score represents more dysfunction.
&Valuesin italics represent significant resuits, P<.05.
fEAP: employee assistance program.

IN/A: not applicable.

PBADS: Behavioral Activation for Depression Scale.
A lower score represents more dysfunction.

J'ATQ-R: Automatic Thoughts Questionnaire-Revised.
kWLQ: Work Limitations Questionnaire.

wos: Workplace Outcome Suite.
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Discussion

Principal Findings

This randomized effectiveness trial examined the effect of the
MoodHacker mobile Web app on depression symptoms,
important cognitive and behavioral mediators, and workplace
outcomes among employed adults with and without access to
EAP services. The MoodHacker app produced significant effects
from pretest to 6-week follow-up for all subjects compared to
aternative care subjects on (1) the clinical outcome measure
(ie, depression symptoms), with much stronger results among
those with EAP access, (2) al three mediating outcome
measures (ie, behavioral activation, negative thoughts, and
depression knowledge), and (3) one of the worksite outcome
measures (ie, work absence). Among subjectswith EAP access,
larger effectswere found on depression symptoms, productivity
loss, work absence, and workplace distress. Significant effects
were maintained at 10-week follow-up for work absencefor all
subjects, with much stronger results among those with EAP
access. The effect sizes on depression symptoms in this study

(partial eta? = .021 for the full population and partial eta®=.093
for those with EAP access, which convert to approximately
Cohen’sd=0.30 and 0.64, respectively) are comparableto those
reported for previous metaanalyses of self-guided,
Internet-based CBT programs (Cohen’s d=0.21-0.31) [42,44].

These findings suggest that the approach used to activate
CBT-based skills in MoodHacker was effective and begin to
build an evidence base for light-touch, CBT-based mobile apps
for depression salf-management. Because program effectswere
small-to-medium size, modificationsto increase the potency of
the intervention are warranted. Evidence from prior online
CBT-based programs suggests that supporting the mobile
intervention with counselors, such as those working in EAPs,
is likely to increase both adherence to the app and efficacy in
reducing depression symptoms [42,43,47,89].

At the 10-week assessment, only effects on work absence
remained significant. Effects on depression symptoms were no
longer significant, possibly because the daily emails ended after
6 weeks, the emails included prompts to view content,
introduction of key concepts and skills, tips to optimize use of
the program, and encouragement to track mood and activities.
Although our results are consistent with arecent meta-analysis
of computerized CBT programs showing that results of
computer-based CBT programs typicaly attenuate over time
[45], evidence from other studies suggests that app adherence
and, thus, efficacy might be improved by extending program
prompts and psychoeducati onal messaging beyond the original
6-week intervention period and/or providing mobile-friendly
prompts (eg, text messages and app notifications) in addition
to the emails utilized here [65,90]. More research is needed to
determine the optimal level and type of program contact that is
needed to retain program efficacy.

Employee Assistance Program Participants Ver sus
Non-Employee Assistance Program Participants

The inclusion of subjects without access to EAP services
provided an important opportunity to evaluate program efficacy
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with this population and to compare program efficacy for
subjects with and without EAP access. It was expected that the
subjects with access to EAP services who chose to participate
in this study were likely to be quite similar to real-world
individuals who might elect to use a mobile or online program
in conjunction with those services. Thus, these subjects provided
a “real-world” effectiveness trial. The effect sizes found on
depression symptoms, work absence, and productivity loss
among the targeted EAP population are quite encouraging and
suggest that EAPs offering use of the MoodHacker app may
reasonably expect to find significant depression-related
improvements in their employee populations. Conclusions
regarding program effects for non-EAP individuals are less
clear.

In many cases, the subjects without EAP access were recruited
without the endorsement of atrusted partner, most notably when
recruitment was through entities such as eHow, Chambers of
Commerce, eHealth websites, and especially Craigdist. This
raises questions regarding the motivation of these subjects for
participation. For example, participants who presented to their
EAP with depression symptoms and were willing to use a
behavior-change program might reasonably be expected to be
motivated to change their depression. In contrast, participants
recruited from the other entities listed above might have been
more motivated by the financial compensation offered, rather
than a desire to improve their depression symptoms. Further
evidence of skewed motivations in this recruitment group is
indicated in the very high numbers of individuals who were
screened out by reporting much higher than expected rates of
mania, and to alesser extent, depressive symptoms during the
online screening.

Analyses of baseline data indicated that the non-EAP subjects
had lower incomes, were less likely to be fully employed, and
had |ess education. Since these three factors are a so related to
poorer outcomes in depression, these factors may at least
partially explain why the program was not as effective for
individuals with no EAP access [91,92]. While the veracity of
such attributions regarding motivation for participation is
difficult to ascertain, the lack of program effects on depression
symptoms in the non-EAP participants is consistent with this
notion.

Study Limitations

We acknowledge several limitationsin thisinitial efficacy tria
and offer some caution in interpreting the findings. First,
although random assignment was used, al the participants
volunteered for the study and thus represent a convenience
sample of interested individuals and cannot be considered
representative of the general population. Second, participants
completed self-report surveys, the validity and reliability of
which may be somewhat suspect. Third, the reliability of some
measures is only moderate and this may have attenuated the
effect size of theintervention effects found in the study. Fourth,
whilethe attrition ratesin the study wererelatively low, subjects
were compensated for completing assessments. Thus, it cannot
be concluded that the subject completion rate found herewould
occur at the same rate without compensation for participation.
Lastly, attenuation of outcomes at 10-week follow-up suggests
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aneed for more potent activation of CBT-based skills or aneed
for extended app contactsto drive continued engagement. Future
research will explore the frequency and type of app contactsto
optimize extended engagement and improve both short- and
long-term efficacy of this light-touch, mobile approach to
activating use of CBT skills to self-manage depressive
symptomatology.

Summary

Given the high prevalence of depression and the fact that most
adultswith depression never receive treatment, thereisacritical

Birney et a

cost-effectively  disseminated through multiple delivery
channels. The MoodHacker mobile Web app has demonstrated
potential for dissemination (1) as a self-guided intervention for
individuals unwilling or unable to seek in-person depression
services and (2) through EAP and similar health and wellness
organizations supporting employed adults and their families.
I deally, exposure to MoodHacker needs to be extended beyond
the 6-week timeframe to maintain user engagement and improve
longer-term  efficacy. Further, the implementation and
integration of MoodHacker within EAPs and similar
organizationsthat can provide guidance from counsel ors seems

need for effective interventions that can be widely and |ikely to augment the effectiveness of the MoodHacker app.
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Abstract

Background: Lifestyle behavior modification can reduce the risk of cardiovascular disease, one of the leading causes of death
worldwide, by up to 80%. We hypothesized that a dynamic risk assessment and behavior change tool delivered as a mobile app,
hosted by a reputable nonprofit organization, would promote uptake among community members. We also predicted that the
uptake would be influenced by incentives offered for downloading the mobile app.

Objective: The primary objective of our study was to evaluate the engagement levels of participants using the novel risk
management app. The secondary aim was to assess the effect of incentives on the overall uptake and usage behaviors.

Methods: We publicly launched the app through the iTunes App Store and collected usage data over 5 months. Aggregate
information included population-level data on download rates, use, risk factors, and user demographics. We used descriptive
statistics to identify usage patterns, t tests, and analysis of variance to compare group means. Correlation and regression analyses
determined the relationship between usage and demographic variables.

Results:  We captured detailed mobile usage data from 69,952 users over a 5-month period, of whom 23,727 (33.92%) were
registered during a 1-month AIR MILES promotion. Of those who compl eted the risk assessment, 73.92% (42,380/57,330) were
female, and 59.38% (34,042/57,330) were <30 years old. While the older demographic had significantly lower uptake than the
younger demographic, with only 8.97% of users aged =51 years old downloading the app, the older demographic completed more
challenges than their younger counterparts (Fg 5, 40, = 55.10, P<.001). In terms of engagement levels, 84.94% (44,537/52,431)
of users completed 1-14 challenges over a 30-day period, and 10.03% (5,259/52,431) of users completed >22 challenges. On
average, usersin the incentives group completed slightly more challenges during the first 30 days of the intervention (mean 7.9,
SD 0.13) than those in the nonincentives group (mean 6.1, SD 0.06, tygg70=—12.293, P<.001, d=0.12, 95% Cl —2.02 to —1.47).
Theregression analysis suggested that sex, age group, ethnicity, having 5 of the risk factors (all but alcohol), incentives, and the
number of family histories were predictors of the number of challenges completed by auser (F14 55535 = 86.644, P<.001, adjusted

R? = .021).
Conclusion: While the younger population downloaded the app the most, the older population demonstrated greater sustained

engagement. Behavior change apps have the potential to reach a targeted population previously thought to be uninterested in or
unable to use mobile apps. The development of such apps should assume that older adults will in fact engage if the behavior
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change elements are suitably designed, integrated into daily routines, and tailored. Incentives may be the stepping-stone that is
needed to guide the general population toward preventative tools and promote sustained behavior change.

(JMIR mHealth uHealth 2016;4(1):€32) doi:10.2196/mhealth.4730

KEYWORDS

health behavior; lifestyle; cardiovascular disease; prevention; risk reduction; mobile apps; mobile phone; incentives

Introduction

Heart disease and stroke remain the leading causes of death and
disability worldwide, and are responsible for almost 30% of all
deaths [1]. The majority of the world's adult population has at
least one modifiable risk factor for cardiovascular disease
(CVD), such as abesity, hypertension, physical inactivity, poor
nutrition, and tobacco or acohol consumption [2]. Aswith many
chronic diseases, modifiable risk factors can be prevented by
(2) identifying unhealthy lifestyle behaviors and (2) providing
education and support to guide individuals toward behavior
change and subsequent lifestyle modification [3,4].

Although health risk assessments have been an effective
approach for health promotion and risk projection, theincreased
awareness of risk does not necessarily translate into behavior
change[4,5]. Existing paper and Internet-based assessmentsare
one-dimensional and do not provide patients with the tools and
education required to actively work toward reducing their
cardiovascular risk on aday-to-day basis[6]. For example, Heart
Aware [3], an Internet-based cardiac risk assessment deployed
to 373,085 users, provided an overview of risk based on the
information that users entered. However, it did not provide
continued guidance or actionable knowledge to enable
individuals to work toward reducing their risk [3].

While many workplace wellness programs do offer tools with
components of self-education and counseling that target and
effectively reduce chronic diseases, they are not scalable to
larger community-based populations [7]. These programs are
typically adopted by large organi zations that have the resources
and infrastructure needed to successfully implement and
maintain such programs. They do not focus on developing
capacity among community members, which is necessary to
support, implement, and sustain an effective preventive program

(8].

Engaging individuals in risk factor identification and
modification is crucial for preventing CVD. However, given
the high prevalence of CVD, it is clear that current primary
preventive actions are suboptimal [9]. Technology, such as
mobile phones, can enable people to gain access to health
promotion resources and peers within their community [10].
Theincreasing market penetration of mobile phones presents a
unique opportunity not only to deliver evidence-based dynamic
health risk assessments, but also to promote lifestyle
modification interventions [10].

With this premise, we hypothesized that a dynamic risk
assessment delivered as a mobile phone app, hosted by a
reputable public nonprofit organization, would promote uptake
among community members. The Heart and Stroke Foundation
of Canada commissioned the development and public

http:/mhealth jmir.org/2016/1/e32/

deployment of <30 Days, a mobile CVD risk assessment and
management app. We hypothesized that the uptake would be
influenced by the incentives offered for downloading the mobile
app. We collected usage data at a population level to provide
insight on uptake and engagement levels.

The goal of our study was to assess levels of engagement in
terms of number of challenges completed and duration of use,
and to compare usage and uptake between the incentives group
and the nonincentives group. We anticipated that the usersfrom
the incentives group would be initially attracted to the app but
would subsequently have lower levels of engagement than the
nonincentives group.

Methods

The Heart and Stroke Foundation of Canada launched the app
ontheiTunes App Store (Apple, Inc, Cupertino, CA, USA) and
collected population-level usage data over 5 months. We
obtained consent to analyze de-identified usage datafor research
purposesfrom usersin theform of an in-app mobile agreement.
Aggregate dataincluded information on download rates, usage,
feedback, and demographics of users around the globe.

M obile App Overview

The aim of the <30 Days app was to empower users to easily
and effectively manage their heart health on a daily basis.
Principles of user-centered design guided the conceptualization
of the app, where feedback from end usersinformed the concept
and key features[11]. In addition to the requirements gathered
from users, we used constructs from the theory of planned
behavior to guide the overall structure and motivations of the
app [12]. The resulting app was available for download in
Canada, free of charge, on the iTunes App Store. On
downloading the app, users had the option either to complete
the risk assessment right away or to temporarily skip the risk
assessment and preview the app content. Users who opted to
browse the app first were only offered 3 sample challenges
before they were required to complete the risk assessment in
order to continue using the app.

On completing therisk assessment (see Figure 1 and Multimedia
Appendix 1), userswere presented with alist of their modifiable
risk factors, which they could prioritize (first, second, and third)
according to what they wanted to work on over the course of
30 days. The mobile app suggested smpledaily activities based
on identified risk factors, provided resources and
encouragement, and tailored content to individuals' risk profiles.
When userswere presented with achallenge, they had the option
to skip the challenge and browse for more options or to accept
the challenge. If they accepted the challenge, on the following
day they would be asked whether they had completed the
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challenge, at which point they could proceed to select their next
challenge.

To promote the completion of at least one heart health challenge
per day, the app included an achievements system in the form
of badges and a progress review module that was presented
every 7 days. The Heart and Stroke Foundation a so launched

Goyad et d

an incentive promotion for 1 month, where userswere rewarded
with AIR MILES points (AIR MILES Reward Program,
LoyaltyOne, Co, Toronto, ON, Canada) for downloading the
app. Previous studies have indicated that positive feedback in
the form of a rewards system can motivate users to participate
in self-management behaviors and improve health outcomes
[13-15].

Figure 1. Components of the <30 Day mobile app for dynamic risk assessment for heart and disease and stroke. Left: users can either commit to the
challenge or choose another one. Middle: users can review their risk factors and progress. Right: playful badges highlight various accomplishments

throughout the <30 Day challenge.
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Data Collection

The primary data source for this evaluation was anonymized
usage data collected over 5 consecutive months. The data set
consisted of responses to the health risk assessment and
subsequent app usage, based on auniqueinstallation of the app.
Given that the risk assessment required demographic and
anthropometric data, it was possible to eval uate app usage based
on demographic and at-risk subgroups. Feedback from users
was received through both the iTunes App Store and the
technical support emails. Consent was acquired from all users
through the mobile license agreement presented in the app on
first use. The user group for this evaluation included all those
who downloaded and used the app within the study time limits.

Data Analysis

We created output files for data processing using Structured
Query Language queries to the <30 Days app database.
LabVIEW (National Instruments) was used to further process
the datainto a format acceptable by SPSS (IBM Corporation).
We then ported the resulting data file into SPSS for statistical
analysis.

Descriptive statistics helped identify usage patterns and the
effectiveness of key features of the app. Independent t testsand
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chi-square statistics determined differences between groups,
such as mae and femae groups, and incentives and
nonincentives groups. We conducted between-subjectsanalysis
of variance to analyze differences between age groups and
engagements levels. A Pearson correlation analysis was
conducted to assess the relationship between factors identified
in the risk assessment and engagement levels. A multiple
regression analysis on the number of challenges completed by
the users was conducted to better understand the effect of the
numerous independent variables on the uptake of the app and
engagement levels.

Lastly, a thematic analysis was conducted on the comments
received from users, where commentswere compiled, organized,
and assessed for recurrent themes. We derived major themes
pertaining to the usability and utility of the app as critica
feedback for improving the future versions of the app.

Results

Of the 74,396 users who downloaded the app during the study
period, 4,444 users installed the app but never launched it. Of
the 69,952 userswho downloaded and launched the app, 23,727
(33.92%) users registered during the AIR MILES promotion
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period, with 3,957 (5.66%) users who opened the app but did
not compl ete the risk assessment. Altogether, 12,622 users never
created a profile and consequently never completed the risk
assessment. As Figure 2 shows, the final data set used for this
analysis consisted of the data obtained from 57,330 users.

The AIR MILES incentive attracted 41.36% (6,184/14,950) of
the total male users and 32.06% (13,586/42,380) of the total
female users who downloaded the app and created a profile
(n=57,330, x?,= 423.7, P<.001, Ocamer = -086). The incentive
engaged primarily users who were 31-70 years of years of age
(X% = 586.1, P<.001, ¢ cramer = -101). On average, usersin the

incentives group compl eted slightly more challengesduring the
first 30 days of the intervention (mean 7.9, SD 0.13) than those
in the nonincentives group (mean 6.1, SD 0.06, tygg70 =—12.293,

Goyad et d

P<.001, d=0.12, 95% Cl —2.02 to —1.47). Additional data
showed that during the promotion period, the overall number
of downloads per day increased from 326 to 1186.

Demographic Characteristics

As Table 1 shows, most users were female (42,380/57,330,
73.92%), between the ages of 21 and 30 years (19,200/57,330,
33.49%), and white (39,700/57,330, 69.25%). The uptake from
the younger demographic was significantly higher than that
from the older demographic, with only 8.75% (5018/57,330)
of users aged =51 years downloading the app compared with
59.38% (34,042/57,330) of users aged 21 to 30 years. The
average body mass index (BMI) was 28.0 (SD 5.2) for mae
and 26.9 (SD 6.5) for female users, classifying the majority of

users as overweight (BMI 25-30 kg/m?).

Figure 2. Number of users who downloaded and launched the <30 Days app and compl eted the risk assessment.
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Table 1. Demographics of users who completed the <30 Days health risk assessment app (n=57,330).

Characteristic n (%)
Sex
Mae 14,950 (26.08)
Female 42,380 (73.92)
Agegroup (years)
<20 14,842 (25.89)
21-30 19,200 (33.49)
31-40 11,464 (20.00)
41-50 6782 (11.83)
51-60 3777 (6.59)
61-70 1125 (1.96)
71-80 116 (0.2)
81-90 13(0)
201+ 11 (0)
Ethnicity/race
White 39,700 (69.25)
Latin American 2374 (4.14)
Chinese 2091 (3.65)
South Asian 2057 (3.59)
African heritage 1928 (3.36)
Other 9180 (16.01)

Modifiable Risk Factors

The most prevalent risk factor was poor nutrition
(49,711/57,330, 86.71%), followed by lack of exercise
(29,776/57,330, 51.94%), stress (28,592/57,330, 49.87%),
excessive salt intake (17,333/57,330, 30.23%), tobacco use
(8499/57,330, 14.82%), and excessive al cohol use (5950/57,330,
10.38%). On average, women had dlightly more risk factors
(mean 2.5, SD 0.01) compared with men (mean 2.3, SD 0.01,
tosas6= —12.648, d=0.11, P<.001, 95% CI -0.16 to -0.12).
Analysis of variance showed arelatively small but statistically
significant difference in risk factors between age groups (Fgs;

321 = 142.55, P<.001, n% = 0.02). More precisely, usersin the
21-30(mean 2.6, SD 0.01) and 3140 (mean 2.5, SD 0.01) year
age groups had a higher mean number of risk factorsthan those
in the 61-70 (mean 1.8, SD 0.3) and 71-80 (mean 1.4, SD 0.9)
year age groups.

Health Conditions and Nutritional Habits

The risk assessment asked users to identify health conditions
they might have had or health conditions of which they had a
family history. Overal, 44.50% (25,511/57,330) of users
reported having at |east one of thelisted conditions (depression,
diabetes, heart disease, stroke, high blood pressure, high
cholesterol, renal disease, and sleep apnea), and 31.12%
(17,839/57,330) of usersreported having depression or anxiety,

http:/mhealth jmir.org/2016/1/e32/

as Table 2 shows. A large proportion of users (39,793/57,330,
69.41%) reported having a family history of diabetes or high
blood sugar, heart disease, high blood pressure, high cholesterol,
or stroke.

Interms of nutritional habits, the following percentage of users
reported eating these foods 3 or more times a week: 45.34%
(25,996/57,330) ate high-fat foods, 30.56% (17,520/57,330) ate
fast food, 24.24% (13,898/57,330) ate foods rich in omega-3
polyunsaturated fatty acids, 42.37% (24,263/57,330) ate 5 or
more servings of fruits and vegetables per day, and 17.95%
(10,291/57,330) ate none of these.

Engagement Levels

We selected a subsample of all users (52,431/74,396) who
downloaded and opened the app, created a profile, and had at
least 30 days to use the app for this part of the evaluation to
ensure that all users had an opportunity to complete the
challenges. As Table 3 shows, 84.94% (44,537/52,431) of users
had very low and low levels of engagement, and 10.03%
(5259/52,431) of users had high levels of engagement. The
categorization and range of engagement levels were defined a
priori by the Heart and Stroke Foundation, where a
categorization of very low describes those who completed a
profile but did not complete any challenges, and low, moderate,
and high describe those who completed 1-14, 15-21, and =22
challenges, respectively.
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Table 2. Health conditionsidentified by users who completed the <30 Days health risk assessment app (n=57,330).

Questions posed to users

Positive response, n (%)

Do you have any of the following conditions?
Depression or anxiety
Diabetes or high blood sugar
History of heart disease
History of stroke
High blood pressure
High cholesterol or triglycerides
Renal disease
Sleep apnea
None of the above
Do you have a family history of any of the following?
Diabetes or high blood sugar
Heart disease
High blood pressure
High cholesterol or triglycerides
Stroke

None of the above

17,839 (31.12)
1978 (3.45)
1736 (3.03)
746 (1.3)
5564 (9.71)
4847 (8.45)
209 (0.4)
3611 (6.30)
31,819 (55.50)

24,309 (42.40)
15,916 (27.76)
25,204 (43.96)
16,678 (29.09)
10,806 (18.85)
17,537 (30.59)

Table 3. User engagement levels measured by the number of completed challenges in the first 30 days of using the <30 Days health risk assessment

app (n=52,431).
Engagement level (challenges compl eted) n (%)
Very low (0) 14,546 (27.74)
Low (1-14) 29,991 (57.20)
Moderate (15-21) 2635 (5.03)
High (=22) 5259 (10.03)

We measured engagement by looking at the number of
challenges each user completed in the first 30 days, according
to the distribution presented on Table 3. One-sample t test
indicated that engagement levels among female users (mean
7.10, SD 0.07, n=38,494) was dlightly higher than those among
male users (mean 6.73, SD 0.15, n=13,937; ts; 409 = —2.509,
P=.01, d=0.02, 95% CI —0.648 to —0.08). Analysis of variance
showed a small, statistically significant effect of age on
engagement levels (Fg 5 40, = 55.10, P<.001, n?=0.008), with
older participants (>51 years of age) completing more challenges
than younger participants (Table 4). The frequency of thevirtual
rewards (badges) offered to users through the app was aso
captured. Figure 3 illustrates that a higher percentage of
individuals aged 50-70 years achieved rewards for consecutive
use of the app over 7 days (Warming Up badge) and completing
the 30- day (30 Day badge challenge).

AsTable 5 shows, those who reported having health conditions,
such as diabetes, heart disease, stroke, high blood pressure, and

http:/mhealth jmir.org/2016/1/e32/

high cholesterol, completed more challenges. A correlation
analysis revealed a positive but weak correlation between the
number of challenges completed and the number of personal
conditions (r=.025, P<.001) and the number family history
conditions (r=.041, P<.001) reported.

We evaluated the effects of several potential predictors on the
number of challengesthrough multiple regression analysis. Due
to the large dataset, we tested the model against 14 predictors:
sex, age group, ethnicity, height, weight, all 6 risk factors,
incentive and nonincentive information, number of conditions,
and number of family histories. The assumptions of
independence of errors, linearity, unusual points and normality
of residuals, and homoscedasticity were met. Of the predictors
used in the regression, only sex, age group, ethnicity, 5 of the
risk factors (all but alcohal), the presence of incentives, and the
number of family histories predicted the number of challenges
that the user completed (Fy4 56535 = 86.644, P<.001, adjusted

R? = .021). Table 6 shows the regression coefficients and
standard errors for each of the predictors.

IMIR mHealth uHealth 2016 | vol. 4 | iss. 1 [e32 | p.125
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Goyad et d

Table 4. Number of challengesin the <30 Days health risk assessment app completed by age group (n=52,431).

Age group Number of challenges n (%)
(years) completed in first 30 days

Mean SD
<20 5.44 11.08 13,291 (25.35)
21-30 6.47 12.23 17,571 (33.51)
31-40 7.67 18.11 10,604 (20.22)
41-50 8.59 16.71 6297 (12.01)
51-60 9.78 19.96 3485 (6.65)
61-70 9.74 16.10 1050 (2.00)
71-80 9.89 15.69 110 (0.2)
81-90 10.08 16.09 13(0)
291 19.80 36.59 10 (0)

Table5. Number of challengesthat users completed based on whether they identified as having apersonal or family history of various health conditions
in the <30 Days health risk assessment app.

Health condition Had condition Did not have condition t50,420 Cohen P
No. Mean  SD No. Mean  SD value d value
Per sonal
Depression 16,112 6.97 15.59 36,319 7.01 14.25 0.25 —0.003 .80
Diabetes 1795 7.87 14.32 50,636 6.97 14.69 —2.56 0.60 .05
History of heart disease 1581 8.60 19.47 50,850 6.95 14.50 —4.42 0.11 <.001
History of stroke 688 9.27 21.33 51,743 6.97 14. 56 -4.10 0.15 <.001
High blood pressure 5079 7.93 14.24 47,362 6.90 14.72 —4.76 0.70 <.001
High cholesterol 4429 8.24 22.19 48,002 6.88 13.77 -5.87 0.09 <.001
Renal disease 191 7.95 14.63 52,240 7.00 14.68 -0.90 0.06 37
Sleep apnea 3254 7.40 14.78 49,177 6.97 14.67 -1.61 0.03 A1
Family history
Diabetes 22,177 7.25 16.05 30,254 6.81 13.58 -3.69 0.03 .01
Heart disease 14,533 7.83 17.57 37,898 6.68 13.39 —6.24 0.11 <.001
Stroke 9874 7.83 16.19 42,557 6.81 14.293 —4.096 0.15 <.001
High blood pressure 23,063 7.43 15.52 29,368 6.66 13.97 -5.94 0.05 <.001
High cholesterol 15,233 7.69 17.69 37,198 6.71 13.24 —6.939 0.07 <.001
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Table 6. Summary of the multiple regression analysis of predictors of how many challenges would be completed by users of the <30 Days health risk
assessment app.

Variable B? SEg” Beta P value
Intercept 2741 0.855 <.001
Sex 1.064 0.154 0.033 <.001
Age group 0.911 0.051 0.083 <.001
Ethnicity -0.074 0.021 -0.015 <.001
Height 0.006 0.004 0.007 .16
Weight 0.002 0.002 0.005 37
Risk factor
Alcohol 0.233 0.199 0.005 .24
Smoking -0.761 0171 -0.019 <.001
Stress 0.641 0.126 0.022 <.001
Exercise —2.015 0.123 -0.071 <.001
Salt intake -1.174 0.132 -0.038 <.001
Nutrition -1.071 0.189 -0.025 <.001
Incentive (AIR MILES) 1573 0.126 0.052 <.001
Number of conditions -0.007 0.075 0 .93
Number of family histories 0.315 0.043 0.033 <.001

8B: unstandardized regression coefficient.
bSEB: standard error of the coefficient.

®Beta: standardized coefficient.

Figure 3. Rewards achieved in the <30 Days health risk assessment app by users per age group. This graph shows the distribution of users (n=52,431)
who completed the health risk assessment and were part of the engagement subset.
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Analysis of Challenges

When presented with a daily challenge, users have the option
either to skip or to accept the challenge, and then later mark it
as complete or incomplete the following day. Though 92.99%
(464,097/499,078) of the accepted challenges were compl eted,
alargemajority (1,183,013/1,682,091, 70.33%) of the challenges
presented to the users for selection were skipped.Figure 4

Goyad et d

provides a breakdown of the completion rates per risk factor.
Although nutrition was the most prevalent risk factor, the
challenges from this category had the highest skip rate
(546,850/731,010, 74.81%), with only 8.82% (64,475/731,010)
of challenges completed. In contrast, 50.39% (59,460/118,006)
of the alcohol chalenges were completed, with 46.95%
(55,400/118,006) of them skipped.

Figure 4. Challenge completion rates by risk factor by users of the <30 Days health risk assessment app.
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Over the study duration, we received 37 user comments, with
24 comments submitted through the iTunes store and 13
comments through the technical support email. Many users
(n=17) stated that the daily tips were a good way of
incorporating attainable healthy changesinto their daily routines
and facilitating heart disease prevention. Another subset (n=5)
mentioned that the challenges were not applicable to them
because the challenges were more focused on urban lifestyles
than on the rural setting.

Discussion

Our analysis of the <30 Days usage data provided several
insightsinto the uptake and effectiveness of aconsumer-friendly
mobile app for the engagement of populations in the
management of cardiovascular risk. The majority of userswere
female and from the younger demographic (21-30 years old)
group. However, the older user groups demonstrated higher
levels of engagement and completed more challenges. We
anticipated that the demographic would skew toward younger
adults, who are characteristic of the population who own mobile
phones and download mobile apps [16,17].

However, the finding that the level of engagement increased
with age was unique. The Pew Research Centre’'s November
2011 survey showed that younger users not only downloaded
more apps but also tended to be 50% more likely than users
aged =50 years to use the apps [16]. In this case, we can infer

http://mhealth.jmir.org/2016/1/e32/
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that the older user groups were more committed to their health
goals and were potentially more willing to participate in daily
self-management activities.

The multiple regression analysis suggested that sex, age group,
ethnicity, having 5 of the risk factors (all but alcohol), the
presence of incentives, and the number of family histories are
predictors of the number of challenges completed by auser (Fy,,

56,536 86.644, P<.001, adjusted R? = .021). The analysis also
demonstrated that these variables explain only 2% of the
variation in the number of challenges completed. The socia
phenomena around the use of apps for lifestyle modification
are complex and multidimensional, consequently making it
difficult to explain the large amount of variation. Other factors,
such as the influence of the user's environment, familial
structure, socioeconomic status, and familiarity with technology,
could have affected the number of challenges completed and

the resulting low R® value [18]. Furthermore, those who
identified having a diagnosis or family history of health
conditions had higher levels of participation. Thisimplies that
individuals who are aware of their familial risk or who have a
health condition may have a greater perceived susceptibility or
risk and may be more inclined to use a risk management app
than would those who have not yet been exposed to
health-related problems[19]. A review by Imeset al [20] found
that both the awareness of family history and perceived personal
risk are necessary predictors of change, and when coupled with
interventions that, first, are founded in theoretical frameworks
and, second, provide lifestyle modification options, can guide
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individuals at risk toward improved health behavior change.
Moreover, certain risk factors influenced the number of
challenges that an individual completed. Physical inactivity,
nutrition, and salt and tobacco intake had anegative association,
demonstrating that users who had these risk factors completed
fewer challengesthan did userswithout theserisk factors. Stress,
on the other hand, had a positive association, and consequently
users with this risk factor completed more challenges than did
users without the stress risk factor. The negative association is
counterintuitive, as one would expect that the presence of arisk
factor would result in increased engagement with one's health.

Engagement levels were comparable in the incentives group
and the nonincentives group, which implies that a one-time
monetary incentive could potentially trigger sustained
motivation and engage individuals in a short-term preventive
intervention. The AIR MILES incentives increased uptake
among the male and the older demographics, suggesting that
the reward form (cash, points, gift card, etc) and vendors could
have an impact on attracting specific user demographics [21].
For example, are the majority of AIR MILES consumers older
than the iTunes App Store user base, who may be younger?
While evidence that financial incentives are more effective at
changing behavior than usual care is increasing, the effect of
alternative incentive types on uptake from target populations
with varying sociodemographic settings remains unexplored
[14,15].

Poor nutrition, physical inactivity, and stress were the most
prevalent risk factors identified, coupled with the majority of

users having a BMI between 25 and 30 kg/m?, suggesting that
being overweight was a predominant risk factor among the
users.

Furthermore, the feedback received in the form of comments
from the users expressed the need for challenges that were
relevant to their situation and needs. For individuals who work
in the service industry, for example, getting up from their desk
and going for a walk may not be relevant. Also, the high
frequency of challenges skipped suggests that perhaps the
challenges were not applicable to the user, forcing them to
search for options. Theindividualization of content and selection
of strategies based on personal preference can optimize
engagement and have a significant impact on the effectiveness
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of theintervention [22,23]. Offering customization by presenting
users with challenges tailored to their profile (age group,
location, ethnicity, etc) could increase the number of appropriate
challenges shown to the users, resulting in higher engagement
and motivation levels.

Limitations

The data obtained from both the risk assessment and the
challenge completion rates were dependent on self-reporting,
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Abstract

Background: The number of mobile health coaching applicationsis expanding at arapid rate. An application that usesaguiding
intelligence to deliver an individualized structured program has the potential to provide a significant benefit. However, there are
few studies of this approach that examine multiple clinical outcomesin alongitudina manner.

Objective: The objective of the study was to conduct a 12-week evaluation of participants using the YouPlus Health mobile
coaching platform, specifically examining the effects on body weight, waist measurement, blood pressure, lipid profile,
glycohemoglobin (A1C), and maximum volume of oxygen consumption (VO2 max).

Methods: A quasi-experimental research design was used. This included a single-arm pre and post intervention assessment of
outcomes. Participants underwent a 12-week intervention in which they received the entirety of the mobile health coaching
program via an application on their mobile phones and were evaluated in the same physician’s office setting every two weeks.
Data regarding app usage was continuously collected and maintained in a database.

Results: 10 subjects were enrolled in and completed the pilot study. The mean weight loss was 13.5 |bs. which represented
7.3% of baseline (P=.005). Mean waist circumference was reduced by 7.2 cm or 6.6% of baseline (P=.005). Both systolic (SBP)
and diastolic (DBP) blood pressure measures were significantly lower after 12 weeks of intervention. Mean SBP fell 18.6 mmHg
(P=.005) and mean DBP declined 6.4 mmHg (P=.005). VO2 max increased by an average of 3.13 ml/kg/min from baseline to
study end (P=.005). From baseline to end-of-study HDL levels increased significantly by 4.0 mg/dL (P=.04) Total cholesteral,
LDL, triglycerides, and glycohemoglobin (A1C) trended in the desired direction but did not meet statistical significance. All of
the participants in the study completed the necessary in-app tutorials and also completed the in-app questions and received
feedback. Every individual completed the appropriate amount of program levels necessary to give the specifics of the program,
and the mean weekly app open rate ranged from 5.1 to 18.4.

Conclusions: Users of the YouPlus Health mobile coaching platform experienced significant reductions in body weight, waist
circumference, and both systolic and diastolic blood pressures, while attaining significant increasesin HDL and VO2 Max.

(JMIR mHealth uHealth 2016;4(1):€3) doi:10.2196/mhealth.4933

KEYWORDS
weight loss; weight reduction program; obesity; aerobic exercise; resistance training; waist circumference; oxygen consumption

: and body composition are associated with many chronic disease
Introduction states, but it i also associated with diminished quality of life
Obesity is among the most crucial health issues facing the [2]. Thereisatremendous economic cost aswell, with animpact

United States. Over 35.7 % of U.S. adults are obese, and another  &Stimated tobe upwards of 215 billion dollarsannually [3].These
33.1 % are overweight [1]. It is well established that obesity realities have led to atremendous effort to reduce these burdens
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and costs. This effort includes health coaching regarding
appropriate diet and exercise behaviors. Thetraditional approach
has used face to face interventions, but advances in technology
provide ample opportunity to provide novel solutions via the
internet and mobile phones. Currently, the avail able data shows
promising trendsin the success of these newer technologies[4];
however recent research regarding the choices available in app
stores reveal ed a shortage of evidence-based apps. Out of 2400
appsinitially searched, zero met guidelines for evidence-based
aerobic physical activity and only 7 met evidence-based criteria
for strength training [5].

Health coaching viadigital means hasits challenges; it must be
doable and sustainable by the average person and ideally should
include dietary and exercise guidelines that are supported by
medical evidence. While the most widely downloaded appsin
the digital-only space are counters, calculators, or trackers[6],
an app that uses a guiding intelligence to provide an
individualized structured program supported by scientific
evidence could potentially more closely approximate face to
face coaching and provide a substantial benefit. The YouPlus
Health maobile coaching app was developed to provide this
unique approach to digital coaching and wastested in thisinitial
study.

As noted, the interventions of digital coaching need to be
supported by medical evidence. While there are many dietary
approaches, it is of note that higher protein diets have been
associated with weight loss and maintenance of weight loss[7].
Thiseffect isseen at quantities of at least 25-30 grams of protein
per mea [7]. This effect is thought to be mediated through
modul ations in energy metabolism, appetite, and calorie intake
viaproteininduced secretion of gastroentropancreatic hormones
[8]. This also allows for carbohydrate consumption to be
reduced. A meta-analysis of lower carbohydrate and higher
protein diets has shown a favorable effect on body mass and
composition independent of energy intake, including al.74 kg
greater lossin body mass and a 1.29% greater decreasein body
fat percentage[9]. Even small dterationsin the pattern of dietary
energy intake can produce significant results. One such example
isadiet with an extra 5% more energy from protein and a 5%
decreased energy from high glycemic index carbohydrates
demonstrated weight reduction and also prevention of weight
regain over the 6 month period after initial weight loss[10].

Combining a dietary approach with exercise has been shown
to be superior to diet al onein inducing weight loss and metabolic
changes [11]. National organizations have recommended that
exerciseinclude an aerobic, flexibility, and resistance component
for many years[12].

Performing aerobic exercise increases cardiorespiratory fitness
and has shown alinear association in decreasing early mortality
when measuring exercise capacity in metabolic equivaents
(METS) for both men and women [13-14], but there al so appears
to be a U-shaped association with all-cause mortality when
looked at in the context of pace, quantity, and frequency of
aerobic exercise [15]. For the best long term health outcomes,
thisneedsto be considered in the design of aprogramin addition
to its effect on weight.

http://mhealth.jmir.org/2016/1/e3/
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The addition of resistance exercise has been shown to be more
effective in inducing weight loss and improvement in body
composition. While a hypocaloric balance is necessary for
changing body composition, the effect of the imbalance
regarding body compositional changes, and biomarkers
including insulin levels and adipokines, is greater with the
addition of resistance training [11,16]. A key element to
effective resistance training is the proper prescription of the
program variables. A program which uses progressive overload,
variation, and specificity is essential to maximize the benefits
associated with resistance training [17].

The purpose of this study was to evaluate a mobile phone app
as a coaching tool for these evidence-based recommendations
regarding diet and exercise behaviors, and to ascertain if app
use was accompanied by positive measurable outcomes.

Methods

Research Design

A quasi-experimental research design was used. Thisincluded
a single arm pre and post intervention assessment of body
weight, waist measurement, blood pressure, lipid profile,
glycohemoglobin (A1C), and maximum volume of oxygen
consumption (VO,,»). Déata regarding app usage was
continuoudly collected and maintained in adatabase. Participants
were enrolled at no cost. They were not compensated for
participation, but received the intervention and all related lab
and VO2 testing at no cost.

Participants

Individualswererecruited from the St. Louisareaviaprint and
internet advertisements for a mobile phone app-based health
and fitness program. According to Flurry Analytics [18], 62%
of health and fitness app users are females, and the 35-54 age
group is over-indexed by 47%. Therefore, a study group
approximating this demographi c was desired. Respondentsfilled
out an online questionnaire to determine eligibility for the study.
Inclusion criteriawere: 1) females between the ages of 30-50;
2) generally healthy with no significant medical history or use
of prescription medications, and; 3) a BMI between 26.6 and
34. They were asked to be willing and able to exercise either at
home or at a gym 3 times weekly. Participants attended an
orientation meeting where consent forms were signed and the
study process was explained. There was an opportunity to ask
guestions about the study. The app was downloaded during the
orientation and the subjects completed the initial on-boarding
assessment that ascertained their current diet and exercise habits
during the meeting. Twelve subjects attended the orientation,
and 10 then entered the study and subsequently completed the
full 12 weeks as requested. Participants were Caucasian with
an average age of 43.5 years (range 35-49) and an average BM|
of 31.6 (range 27.2-36.4). All were non-smokers. All were either
employed or served as a caretaker.

Program

The participants used the YouPlus Health mobile coaching
platform to follow nutritional and exercise guidelines. Thereis
adeep tracking and improvement function of the platform, but
it was not utilized during this study. Sample screen shots are
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demonstrated in Figures 1 and 2. Individuals received the
entirety of the program viathe app. Participants were asked to
complete in-app tutorials, and as they advanced, each level of
the program was only available to them by using the app.

The nutritional guidance on the platform uses a ratio-based
approach to protein and carbohydrateintake based on therelative
size of one component to the other. Unlimited intake of fruits
and vegetablesis encouraged. No calorie counting or recording
was involved. There was in-app education provided on the
nutritional concepts, as well as guidance by providing recipes
when eating at home and menu recommendations when dining
out. Participantsreceived daily in-app questions regarding their
nutritional behavior, and then received automated feedback and
advice based on their answers to those questions. The number
of questions given each individua could vary, depending on
the response given. Similarly, there are multiple feedback
options for each question and answer pairing which are
presented based upon a proprietary algorithm.

Figure 1. Sample profile screen and feedback.

Willey & Walsh

The exercise program encompasses aerobic, resistance, and core
exercises divided into three sessions that take under an hour.
The specific variety, order, frequency, and progression of
resistance and core exercises are given in a personal training
format with instructions and video. This information was only
available within the app. Completing 3 sessions each of core,
cardiovascular, and resistance exercise completed an exercise
level. The participants were asked to complete a level at least
every 7-10 days. At the end of every level, in-app questions
were asked about the exercise they had performed and how it
was perceived. Based on their answers to those questions,
automated feedback and advice was generated. Individuas could
not move on in the program until the questions were answered.
The number of questions given each individual could vary,
depending on the number of exercise levels completed.

To more closely approximate real -world conditions, there were
no specific instructions given for frequency of use of the app
other than to follow the exercise program.
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Figure 2. Sample exercise guidance screen.
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M easures

Participants had a baseline measurement of weight, blood
pressure, and waist circumference assessed in a physician’s
office setting as well as baseline laboratory measurements of a
lipid panel (total cholesterol, high density lipoprotein,
low-density lipoprotein, triglycerides,) and a hemoglobin A1C
whichwere performed at LabCorp in St. Louis, MO. At basgline
and after 12-weeks VOy,, assessments were performed at

Lifetime Fitnessin Ellisville, MO.

Every two weeks the participants visited the physician’s office
on the same day of the week and, while being observed by a
medical assistant, wereweighed on asingle calibrated scale and
had waist measurements and blood pressure measurements
recorded through the end of the study. The protocol of the
International Chair on Cardiometabolic Risk was followed for
determining waist circumference. All blood pressure and waist
assessments were conducted by a single physician using
identical procedures throughout the study. After the last office
visit, laboratory values and VO, Were re-assessed as above.

App usage information regarding tutorial completion, levels
completed, questions asked and answered, and total app opens
was recorded throughout the studly.

http://mhealth.jmir.org/2016/1/e3/
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Analysis

Paired-Sample Wilcoxon Signed Rank Tests were used to
compare baseline and 12-week post-intervention values. This
non-parametric test was used because of the small sample size
and non-normal distributions for some variables. All statistical
comparisons were repeated with t tests with identical findings,
but only the non-parametric results are presented below. Because
thisisthefirst study of thisapp, we had no prior datawith which
to calculate power, nor could we justify using published data
from studies of other methods to influence the health outcomes
of interest. Effect size estimates for the Wilcoxon tests were
calculated and interpreted as proposed by Cohen [19]. Finally,
Spearman rho and Pearson r correlation coefficients were
calculated to examine potential associations of app use and
outcome measures which showed significant group changes.
Results were essentially the same with the parametric and
non-parametric  correlational methods, but only the
non-parametric are presented below.

C

Results

App usage
Results are summarized in Table 1.
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Table 1. Usage datafor key parameters.

Willey & Walsh

Participant Completed nutrition Completed fithess ~ Levels completed Questions asked Questions answered  Mean weekly opens
tutorial tutorial

1 Yes Yes 14 185 185 115
2 Yes Yes 18 276 276 151
3 Yes Yes 9 125 125 8.2
4 Yes Yes 9 127 127 6.8
5 Yes Yes 16 16 187 16.8
6 Yes Yes 14 215 215 150
7 Yes Yes 14 218 218 18.4
8 Yes Yes 9 126 126 51
9 Yes Yes 8 100 100 5.6
10 Yes Yes 16 238 238 16.1

Table 2 contains mean and median baseline and 12-week
post-intervention values for al outcome measures collected
during the study, as well as the z-scores and 2-tail P-values for
Wilcoxon analyses, and effect size estimates.

Changesin Weight and Waist M easurement

Significant reductions in body weight and waist circumference
were observed between baseline and 12-week measurements.
Mean body weight declined 13.5 Ibs. representing 7.3% of
baseline (z=-2.805; P=.005). Mean waist circumference was
reduced by 7.2 cm or 6.6% of baseline (z=-2.825; P=.005).
Effect size was -.63 for both metrics suggesting a “large”
magnitude of change.

Changesin Blood Pressure and VO2max

For blood pressure, an average of the baseline and first 2-week
visit was used to determine the beginning blood pressure, and
an average of the 10-week and 12-week visits were used to
determine the ending blood pressure measurements.

Both systolic (SBP) and diastolic (DBP) blood pressure
measures were significantly lower after 12-weeks of

http://mhealth.jmir.org/2016/1/e3/

intervention. Mean SBP fell 18.6 mmHg (z=-2.810 ; P=.005)
and mean DBP declined 6.4 mmHg (z=-2.805; P=.005).

VO, iNcreased by an average of 3.13 mi/kg/min from baseline
to study end (z=2.803; P=.005).

Effect sizewas-.63 for both BP metricsand .63 for VO, @l
suggesting a“large” magnitude of change.

Changesin Lipid and Glycohemoglobin Measures

From baseline to end-of-study HDL levels increased
significantly by 4.0 mg/dL (z=2.044; P=.04) and there was a
trend toward a reduction in total cholesterol of 10.5 mg/dL
(z=-1.784; P=.07) and triglycerides of 27 mg/dL (z=-1.478,
P=.07). There was a baseline to 12-week reduction in LDL of
9.1 mg/dl that not reach significance (z=-1.581; P=.11).

Hemoglobin A1C did not change significantly (P=.10) although
mean values moved in the desired direction (from 5.54 to
5.42%). All patients were in the normal range at baseline and
at study end.

Effect sizeestimatesfor all lipid and glycohemoglobin measures
indicated “ medium” magnitudes of change.
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Table 2. Baseline and 12-week values for all outcome measures.

Willey & Walsh

Variable Baseline 12-Week Z score Pvaue  Effectsize(r)
Weight and waist measurement
Body weight (Ibs)
Mean 186.3 (15.0) 172.8 (17.0) -63
(SD)
Median  191.8 177.3 -2.805 .005
Waist circumference (cm)
Mean 108.3 (6.7) 101.1 (7.7) -63
(SD)
Median  112.0 104.5 -2.825 .005
Blood pressureand VO 2max
Systolic BP (mmHg)
Mean 136.4 (15.4) 117.8 (5.9) -.63
(SD)
Median  132.0 1185 -2.810 .005
Diastolic BP (mmHg)
Mean 80.9 (5.1) 74.5 (4.0) -63
(SD)
Median ~ 80.0 74.0 -2.805 .005
VO 2max
Mean 26.7 (2.9) 29.9(3.9) .63
(SD)
Median  27.6 299 2.803 .005
Total cholesterol (mg/dL)
Mean 191.2 (41.8) 180.7 (38.9) -4
(SD)
Median 1755 1725 -1.784 .07
Lipid and glycohemoglobin measures
HDL 2(mg/dL)
Mean 47.4(10.5) 51.4 (8.6) 46
(SD)
Median 445 515 2.044 .04
LDL P (mg/dL)
Mean 114.6 (36.7) 1055 (30.2) -35
(SD)
Median 100.0 100.0 -1.581 A1
Triglycerides (mg/dL)
Mean 145.8 (54.4) 118.8 (65.7) -33
(SD)
Median 145.0 88.0 -1.478 .07
Hemoglobin A1C (%)
Mean 5.5(0.3) 5.4(0.3) -.36
(SD)
Median 55 55 -1.630 10

@High-density lipoprotein
b L ow-density lipoprotein
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Association of App Useand Outcome M easure Changes

Spearman rho correlation coefficients were calculated between
two app use variables (levels of exercise achieved, and mean
weekly app openings per week) and the difference score from
baselineto 12-weeksfor each of the outcome measures showing
a significant group change (weight, waist, SBP, DBP, Trig,
HDL and VO,,,). None of the 14 correlationswere statistically
significant; however, all werein the desired direction (ie, more
app use was associated with greater improvement in each health
outcome). Actual rho values ranged from 0.109 to 0.442.

Discussion

Principal Findings

Results indicate that while completing a 12-week program
utilizing the YouPlus Health mobile coaching platform subjects
achieved significant reductions in body weight, waist
circumference, systolic blood pressure and diastolic blood
pressure, while achieving significant increases in VO, and
HDL. All of these parameters achieved alarge effect size except
HDL, which had a medium effect size. Decreases in tota
cholesterol, LDL, triglycerides, and glycohemoglobin trended
in the desired direction with a medium effect size, but did not
meet statistical significance. Recognizing that the small sample
size and restricted range in app use among participants limited
the possibility of finding a statistically reliable association
between app use and outcomes, each of the 14 associations
examined was in the desired direction (participants with more
app usage had greater improvementsin health outcomes).

Individualsin the study received the entirety of the programvia
the app. All participants completed the in-app nutrition and
fitness tutorials, and answered questions and received in-app
feedback. Answering of questions was required to move onin
the program, so the percentage of questions answered would be
expected to be 100% if the participants were completing levels
within the program. All participants completed the minimum
number of exercise levels during the study. Thiswould be 7 or
more during the 72 day study period, because they were asked
to complete a level a minimum of once every 10 days. Given
that the usage data confirms that the individual s were using the
app to obtain the education and program for the study, it appears
the results were obtained secondary to utilization of the app.
The lack of a control group cannot completely exclude the
possibility that results were enhanced by participants visiting a
physician’s office to obtain their measurements.

Acknowledgments
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The mean weight loss of 7.3 % from the baseline measurement
is generally considered clinically significant and exceeds the
5% the Food and Drug Administration (FDA) considers
significant when evaluating the efficacy of weight loss
medications [20]. Nearly al (9 out of 10) participants met or
exceeded a loss of 5% of body weight during the study. It is
notabl e that the mean weight loss of 13.5 Ibs. exceedsthe weight
loss in the only prospective trial that examined consecutive
members of Weight Watchers, which had a weight loss of 9.7
Ibs. after 12 weeks for the 33 members (30%) who completed
the program for that length of time [21].

Theincrease in VO, Of 3.13 ml/kg/minisan increase of 0.9
METs. It has been shown that the Framingham Risk
Score-adjusted mortality risk decreases by 17% for every 1
MET increase in exercise capacity at baseline [14]. The
statistically significant increase in exercise capacity
demonstrated in 12 weeks with this intervention would be
expected to impact this outcome aswell. Improvementsin both
systolic and diastolic blood pressure, a decrease in waist
circumference, and anincreasein HDL are also widely accepted
as contributing to a reduced risk of disease.

Limitations

Study limitations include a non-randomized, uncontrolled
single-arm study design which precludes causal inference of
the program to the outcomes. The study waslimited by its small
sample size, and only looked at females, so applicability of the
findings to malesis not known.

Conclusions

Results of this study suggest that individuals using the YouPlus
Health mobile coaching platform experienced significant
reductions in body weight, waist circumference, systolic and
diastolic blood pressures, and significant increasesin HDL and
VOymax iN 12 weeks.

Usage dataindicates that the participants used the app to receive
the education and specific program elements, and were able to
understand and follow the program to the degree necessary to
achieve significant resultsin the areas noted. Digital therapeutics
in general have the potential to promote health and wellness
with a small ongoing cost. These results indicate that the
YouPlus Health mobile coaching platform specifically hasthis
potential, and therefore further investigation using arandomized,
parallel group, controlled design is warranted.
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Abstract

Background: Novel methods of promoting self-monitoring and social support are needed to ensure long-term maintenance of
behavior change. In this paper, we directly investigate the effects of group support in an exercise and nutrition program delivered
by an mHealth application called Fittle.

Objective: Our first specific study aim was to explore whether social support improved adherence in wellness programs. Our
second specific study aim wasto assess whether mediatypes (ePaper vs mobile) were associated with different levels of compliance
and adherence to wellness programs. The third aim wasto assess whether the use of an mHealth application led to positive changes
to participants' eating behavior, physical activity, and stress level, compared to traditional paper-based programs.

Methods: A 2 x 2 (eg, Media: Mobile vs ePaper x Group Type: Team vs Solo) factorial design feasibility study was conducted.
A sample of 124 volunteers who were interested in improving eating behavior, increasing physical activity, or reducing stress
participated in this study. The study duration was 8 weeks. All groups were self-directed with no ongoing human input from the
research team.

Results: Participants in ePaper conditions had higher attrition rates compared to participants in Mobile conditions, )(32:9.96,
P=.02 (N=124). Participants in Mobile conditions reported their compliance with a much higher frequency closer to the time of
challenge activity completion (2-sample Kolmogorov-Smirnov test comparing distributions was highly significant—K S=0.33,
P<.001 [N=63)]). Participants in ePaper conditions had a much higher frequency of guessing while reporting as compared with
those in Mobile conditions—x12:25.25, P<.001 (N=63). Together, these findings suggest that the mobile app allowed a more
accurate method to report and track health behaviors over a longer period than traditional ePaper-based diaries or log books.
There was a significant difference in the overall compliance score for Mobile-Solo (Mean [SD] 0.30 [0.39]) and Maobile-Team
(Mean [SD] 0.49 [0.35]) conditions (t5,g,=1.94, P=.05). This suggests that working in a team increased participants’ overall
compliance within Fittle. Survival analysis showed that participants assigned to Team conditions are 66% more likely to engage
longer with mHealth app-based intervention than those assigned to the Solo condition. Overall, participants across all groups
reported some positive changes in eating behavior, physical activity, and stress level; however, participants in the Mobile-Solo
condition reported higher perceived stress levels at the end of the study.

Conclusions: Theteam-based Fittle app is an acceptable and feasible wellness behavior change intervention and afull randomized
controlled trial to investigate the efficacy of such an intervention is warranted.

(JMIR mHealth uHealth 2016;4(1):e4) doi:10.2196/mhealth.4900
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mobile phone; app; social support
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Introduction

Itisnolonger newsthat US health care costs are staggering and
that a major driver of these increased costs are unhealthy
behaviors such as physical inactivity, increased food intake,
and unhealthful food choices [1], which are potentialy
preventable by health behavior change. In this context, existing
formal programs (both primary care and commercial) and
one-on-one coaching can be effective in producing behavior
change and desirable health outcomes [2]. However, these
programs typically have bottlenecks in providing sufficient
numbers of expert counselors and personalized day-to-day
support to a large population for along period of time. There
isapressing need to extend the reach of existing health behavior
change techniques in areas such as diet and fitness and to
intensify and prolong their impact.

Additionally, changing behavior and sustaining it over the long
term has been proven to be very difficult and it is suggested
that novel methods of promoting self-monitoring and social
support are needed to ensure |ong-term maintenance of behavior
change [3]. Social- and group/team-based behavior-change
techniques have been shown to be effective in supporting
behavior change in areas such as long-term weight loss [4].

Mobile phones may now be providing a platform to scale and
disseminate effective group support for sustainable health
behavior change[5]. Although eHealth approaches often suffer
fromthe"Law of Attrition” [6] wherein thereisahigh attrition
rate among participants, team identification and interpersonal
accountability may ameliorate such attrition. Mobile phones
areincreasingly prevalent in everyday life and are increasingly
used for multipleforms of online social interaction. In this study,
we sought to directly investigate the effects of team-based social
support in a nutrition and exercise program delivered by an
mHealth application called Fittle.

Social Support in Behavior Change Interventions

Social support may potentially help sustain engagement with
health behavior changeinterventions and consequently increase
efficacy. An observational study of more than 80,000 usersin
the context of a Web-based health promotion intervention [7]
revedled that increased socia ties within this challenge
community directly predicted online engagement and activity
completion [8]. In order to systematically characterize therole
of social support in enhancing the efficacy of the intervention,
a recent study compared a structured physical activity
intervention comprising education, activity monitoring, and
online social networking via a Facebook group versus an
education-only control [9]. Despite the lack of difference
between intervention and control groups in physical activity
levels post-intervention, the authors did find that the attrition
levels for participants in the online intervention group were
significantly lower than that of the education-only control group
at 12 weeks. Likewise, in another study, it wasfound that weight
loss in a 6-month, remotely delivered weight-loss intervention
was strongly associated with engagement within an online
Twitter-based social network wherein participants provided
each other with informational support [10]. Similar resultswere
found in a Web-based weight-loss program where socia

http:/mhealth jmir.org/2016/1/e4/

Duetd

networking and personalized recommendations did not
demonstrate additive effects for user weight loss or retention,
but these features increased the average number of days that a
user engaged with the system [11]. More recently, Pechmann
et al [12] studied the effectiveness of automatic messages
delivered to small online groups via Twitter on abstinence from
smoking. They found that specific tweet content about quitting
was strongly related to abstinence along with high engagement
from users over a period of 100 days.

The concept of social support has also been incorporated into
many commercial mobile phone-based health behavior change
applications, such as MyFitnessPal, WeightWatchers. In these
apps, socia support is usually built around the user’s personal
social network, such as Facebook or Twitter friends. However,
it is not clear whether a social community of this kind is the
one best suited for health behavior change. While family and
friends might be agood source of emotional support, they might
not necessarily have the same level of motivation to engagein
health behavior change programs, and they might also not be
ableto providethe kind of quality informational support that is
an important factor in successful behavior change programs
[10].

Further, although social support has health benefits in its own
right [ 13] and increases participation in exercise programs[14],
building successful groups to support health-related
interventions is not automatic. For example, in an effort to test
the effects of an online community for helping people to quit
smoking, researchers gave 684 people access to an online
community in addition to the informationa website
Smokefree.gov. However, so few people used the online
community featuresthat the researchers were not able to report
on its effectiveness [15]. There are a few previous studies that
aimed to understand the effects of asocial network [16] and the
potential of a social mobile phone application in improving
physical activity level [17]. However, both of these studies
focused more on the usability aspects of the behavior change
systems and no data on the effects of social support were
reported.

In this study, instead of forming social groups from a person’s
existing social network, we aim to explore the feasibility of
creating an effective behavior-change social group by randomly
grouping peoplewho are interested in healthy behavior-change
programsinto a“team.”

Maobile Phone-Based Behavior Change Interventions

Mobile phone-based self-monitoring applications have been
found to be effective in improving adherence. For example, My
Mea Mate (MMM), a mobile weight-loss app developed on
Android, allows usersto set goals, self-monitor diet and activity,
and receive feedback via a weekly text message. In that study,
adherence to the mobile phone-based intervention was found
to be the highest [18], as compared to paper or Web-based
interventions.

However, most of the behavior change content in existing formal
programs (both primary care and commercial) and one-on-one
coaching are still paper-based. Previous research has shown
that amobile diary was dightly more preferred, but the inability
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to backfill missing entries resulted in a large prevalence of
missing data [19]. However, the sample size of that study was
very small (N=12). Thus, a secondary aim of this study wasto
better understand how the mobile phone-based functionality of
an mHealth application differed from a usual-care approach of
providing paper-based content and requiring paper journaling.
Inthisstudy, aPDF version of the program is sent to participants
inthe paper conditions. They can chooseto either view the PDF
file on their computers or print it out. In this study, we call it
“ePaper” journaling.

Earlier work [20] reported on amobile phone-based app, Fittle,
which includes functionality to promote online group-based
support for individuals to progress through behavior-change
programs called “challenges.” The challenges are designed to
help people master one health-improving habit after another,
in away that builds on previous achievements. Fittle provides
abuilt-in, private social networking feature that allows usersto
work and engage with their team members so that they can
support each other asthey learn and adopt new, healthier habits
(details about the application are described below). Fittle
incorporates a number of evidence-based techniques that are
motivated by the theory of planned behavior and social cognitive
theory to positively impact health behavior change. Moreover,
these interventions can be delivered at low cost because the
scaffolding for individual success is either automated or
provided through peer support.

Duetd

The study in Du et al [20] was not designed to systematically
study the effects of having team support asall participantswere
assigned to teams. However, hierarchical regression analyses,
including team as a mediating factor, and post-hoc analyses of
theimpact of team interactions on outcomeswere both strongly
suggestive of an association between teams, program adherence,
and health outcomes. In this current feasibility study, we
specifically aimed to compare the Fittle mobile phone-based
health behavior change program administered in a solo versus
group environment. We hypothesized that using atheory-guided,
group/team-based behavior change mobile app (Maobile-Team
condition) will result in higher adherence, moreimproved eating
habits, reduced stress, and improved fitness level compared to
Mobile-Solo, ePaper-Team, and ePaper-Solo conditions.

Fittle

Fittleisimplemented as a client-server architecture running on
both iOS and Android. Figure 1 shows several screens of Fittle.
The initial experience starts with a presentation of a selection
of available challenges. These challenges are either conversions
of existing programs that have been developed over the years
or new programs created by professionals. The app platformis
designed to support open content creation by anyone (under
some quality control review process). After challenge selection,
a user can either join an existing team (Figure 1a) or create a
new one and invite teammates via email. The selection of a
challenge and membership in a team opens the primary Fittle
dashboard (Figure 1c).

Figure 1. Fittle mobile application screens: (a) teams available, (b) the details of ateam, (c) activity information, (d) overall goals for this week, and

(e) the team-based social activity feed.
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Activitiesin Fittle

The Fittle dashboard consists of 3 parts. The top portion shows
the activities (or goals) as part of the challenge that the user
should complete on that given day (ie, today). Anicon represents
each of these goals with a completion status shown below as a
set of circles similar to a horizontal traffic light. Tap selection
of the activity icons (as shown in Figure 1c) opens up thetitle,
basic reminder details, the ability to substitute the task for
another, a link to more detailed information about the activity
that is presented as an electronic card (which may include video
demonstration, images, detailed instructions, substitution
suggestions, background information, external reference links,
links to other related Fittle cards, and more), and the ahility to

http:/mhealth jmir.org/2016/1/e4/
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(e)

self-report completion and submit a multimedia-enabled post
to the team activity feed related to the selected activity. Users
can also navigate back and forth in time by tapping the arrows
associated with the day display. Users may update reports on
past activities, but not on future scheduled activities.

Progress Tracking

The middle section of the dashboard provides visual analytics
showing the user’s and the team’s goal accomplishment for the
current week. A details button next to the progress bars opens
aweekly activity set view, asillustrated in Figure 1d, showing
the user all activities that Fittle will schedule for them in the
coming week with visual completion details.
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Team Interaction

An activity-posting bar is always present in the dashboard and
provides a means for the user to share multimedia posts with
the team at any time (Figure 1€). Text whispers (ie, the faint
text that appears in text entry fields before the user enters
anything) in all open text fields invite the user to share
information with theteam. Users may also communicate directly
with each other through a peer-to-peer messaging system.

All teams also include an artificial intelligence agent as a
member, named “ FittleBot.” FittleBot providesdaily tipsto the
team relevant to their activities, previews the activities for the
week, and comments on the daily activities of theteam members
as agroup.

Challenges

In this feasibility study, we featured 2 8-week challenges
developed in collaboration with 2 certified experts in personal
training and nutrition consulting. These challenges promoted 3
classes of behavior: nutrition, walking, and stress relieving
workouts [20].

The challenges consisted of a beginner-level program to get
people moving more called “Nutriwaking” and a workout
focusing on relieving stress called “StressBusting.” Both
challenges contained 4 nutrition activities: eat slowly, add a
serving of vegetables (or a different vegetable if a vegetarian),
add a small healthy meal while reducing the others, and keep a
food diary. These activities were offered for 2 to 3 weeks each
with overlap in the transition week from one habit to the next.

Nutriwalking focused on getting participants to walk more,
starting with 15 minutes 3 times a week on flat surfaces and
ramping up to 45 minutes 5 times a week on inclined surfaces
with some exercises (eg, jumping jacks) or short jogging
sessions added to the walk. For off days, stretching was
suggested. The system dynamically adjusted a user’s schedule
and recommendations if he or she deferred certain activities
and/or substituted walking days.

StressBusting focused on 3 schedul ed workouts during the week.
Mondays comprised an upper body workout consisting of 5
exercises with easier alternatives that focused on strengthening
the upper body and core (eg, chest presses, push-ups, high
planks, rows). Wednesdays focused on a full body workout
consisting of 5 exercises with easier aternatives that focused
on muscle endurance (eg, goblet squats, rotation push-ups,
jumping rope, mountain climbers, burpees). Finaly, Fridays
comprised alower body workout consisting of 5 exerciseswith
easier alternativesthat focused on strengthening thelower body
and core (eg, deadlifts, squats, supine hip exercises, lunges, ball
chops). Tuesdays, Thursdays, and Saturdayswere recovery days
where participants were asked to engage in a fun and
nonstressful activity to get them moving. Sundayswere complete
rest days. This program was designed on a schedule with the
caveat that if a day was missed, it would not be a big deal and
there was no need to make it up—userswere just asked to keep
moving forward without any worry or stress.

http:/mhealth jmir.org/2016/1/e4/

Duetd

Study Hypotheses

We had 4 research hypotheses (RHs) concerning participants’
compliance, adherence, and the effectiveness of Fittle.

RH1: Higher Compliancein Mobile Conditions

Thefact that the Fittle app is always avail able to people on their
mobile phones should induce greater compliance. Compliance
isdefined asthe percentage of activitiesthat have been reported
as “completed” or “partially completed.” For example, if 100
activities were recommended to a user and 90 of the activities
were reported as “completed” or “partially completed,” the
compliance rate is 90%.

RH2: Higher Compliancein Team Conditions

Participants in team conditions should have higher levels of
compliance due to increased social interactions.

RH3: Greater Adherencein Team Conditions

Participants in team conditions should have greater adherence
to the program due to increased social interactions. Adherence
is measured by the number of weeks before a participant
becomes inactive (hot report any activities for an entire week)
in Fittle. For example, if auser always reported some activities
from week 1 to week 3, and in week 4 the user did not report
any activities, the adherence of this user is 3 weeks.

RH4: Superior Outcomesin the Maobile-Team Condition

Participants in the Mobile-Team condition should show the
greatest improvements on our 3 outcome measures (eg, stress
reduction, improved eating habits, and increased physical
activity) due to higher compliance and greater adherence.

Methods

We designed a 2 x 2 (Mobile vs ePaper x Team vs Sol0)
factorial design feasibility study to compare the compliance,
adherence, and outcomesimpact of the team-based (as opposed
to solo), mobile app-administered (as opposed to ePaper) health
behavior modification challenges.

Wewill runa2 x 2 (Mobilevs ePaper x Team vs Solo) analysis
of variance (ANOVA) analysisto test RH1 and RH2. For RH3,
we will conduct a survival analysis to test the hypothesis that
participants assigned to teams (Mobile Team) have greater
adherenceto the program, controlling for their perceived system
usability and attitudes toward the system. To test RH4, we will
run aseries of 2 x 2 (Media: ePaper vs Mobile x Group Type:
Solo vs Team) mixed effects andlyses of covariance
(ANCOVA). The challenges (StressBusting or NutriWalking)
will be modeled as random effects and participants’ attitude
toward the Fittle program is modeled as a covariate.

Recruitment Strategy

As in Heffner et a [21], participants were recruited using
Web-based recruitment methods by advertising through
Craigdist, Mechanical Turk, Google Adwords, Reddit, and
Facebook, separately for the NutriWalking and StressBusting
challenges. Advertising material encouraged participantsto visit
the study information website (NutriWalking or StressBusting
study website), which included a brief overview of the study.
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Individuals interested in the study (challenge) then filled out a
screening survey on this website. Individuals were eligible for
thisstudy if they: (1) wereaged 18 or older, (2) were physically
capable of performing the exercisesin this study (ie, answered
yes to al questions on the Physical Activity Readiness
Questionnaire) [22], (3) had either an Apple iPhone or an
Android phone, (4) resided in the United States, and (5) were
willing to commit the necessary time and effort to the study.
Participants who completed the pre- and post-surveys were
compensated with a US $20 Amazon gift card.

Procedure

Individuals who passed the initial screening were randomly
assigned into 1 of the 4 conditions (eg, ePaper Solo, ePaper

Figure2. Study flow.
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Team, Mobile Solo, and Mobile Team) using randomizer.org
[23]. Individual s assigned to the ePaper Team and Mobile Team
conditionswere further randomly assigned into different teams.
Theteamswere created by researchers and were designed to be
12-person groups. Next, participantswere emailed a pre-survey.
Individualswho completed the pre-survey wereincluded in the
study. However, not every individual completed the pre-survey
after they were assigned into teams; thus, team sizes ended up
being unequal. The final sample consisted of 124 participants
(N=66 in Nutriwalking; N=58 in StressBusting). Participants
were blind to the condition they were in and were not informed
that there were different conditions. Figure 2 shows the overall
flow of the study.

Recruited through web advertisements:
Opted for Nutriwalking challenge
Completed Screening survey

Recruited through web advertisements:
Opted for StressBusting challenge
Completed Screening survey

N =170 N =172
Screened in: Screened in:
N=94 N =99
Randomized into 1 of 4 conditions: ePaper Solo, ePaper Team, Mobile Solo, Mobile Team
N =193
| |
ePaper ePaper Mobile Mobile ePaper ePaper Mobile Mobile
Solo Team Solo Team Solo Team Solo Team
N=22 N =23 N=21 N=28 N=24 N=22 N =23 N=30
Completed Pre-survey
N =124
| 1 |
ePaper ePaper Mobile Mobile ePaper ePaper Mobile
Solo Team Solo Team Solo Team Team
N=16 N=17 N=15 N=18 N=19 N=14 N=11
Lost to Lost to Lost to Lost to Lost to Lost to Lost to Lost to
follow-up follow-up follow-up follow-up follow-up follow-up follow-up follow-up
N =10 N=8 N=4 N=2 N=6 N=0 N=4 N=1
Completed Completed Completed Completed Completed Completed Completed Completed
Post- Post- Post- Post- Post- Post- Post- Post-
survey survey survey survey survey survey survey survey
(Analyzed) (Analyzed) (Analyzed) (Analyzed) (Analyzed) (Analyzed) (Analyzed) (Analyzed)
N=6 N=9 N=11 N=16 N=13 N=14 N=10 N=10

ePaper Solo Condition

Participants in the ePaper Solo (total N=35; N=16 in
Nutriwalking; N=19 in StressBusting) condition were emailed
a PDF version of the wellness program.

ePaper Team Condition

Participants in the ePaper Team condition (total N=31; N=17
in Nutriwalking; N=14 in StressBusting) were emailed the same
PDF version of the wellness program. There were 3 groups in
each of the challenges and the final sizes of the groups ranged
from 3 to 7 participants. An introductory group email was sent

http:/mhealth jmir.org/2016/1/e4/

to participantsin the same groups and they were encouraged to
communicate with each other viaemail. The groups were then
left to their own recognizance.

Mobile Solo Condition

Therewere 29 participants (total N=29; N=15in Nutriwalking;
N=14 in StressBusting) assigned to the Mobile Solo condition.
Participants were pre-assigned into a 1-person team.

Mobile Team Condition

There were 29 participantsin the Mobile Team condition (total
N=29; N=18 in Nutriwalking, N=11 in StressBusting). There
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were 3 groups in each challenge and the sizes of the groups
range from 3 to 9 participants.

For participantsin the ePaper conditions, the challenge programs
were emailed to them in PDF. Dalily activitieswerelisted in the
document. The same experts that created the maobile version of
the programs prepared this content, which included a daily
logging table at the end of the program. Participants were
instructed to log their daily compliance and submit the logging
table back to the research team at the end of the study.

For participants in the Mobile conditions, the challenge
programs were incorporated into the Fittle mobile app. Daily
activities were listed on the main page of the Fittle app.

Figure 3. A sample of the logging table in the ePaper conditions.

Duetd

Data Collected

Progress Reports

We collected daily progress reports from participants, alowing
us to assess compliance. Participants in the Mobile conditions
reported their daily progress within the Fittle app, and
participants in the ePaper conditions recorded their daily
progress on a logging table (Figure 3) and submitted it to the
research team at the end of the study through email or postal
mail (2 participants printed the logging table and mailed them
to the researchers and the others submitted their reports via
email).

Week

o
Q
<

Activity

Eat Slowly

Upper body and core workout

Eat Slowly

Recovery

Eat Slowly

Full Body Conditioning

Eat Slowly

Recover

Eat Slowly

Lower body and core workout

Eat Slowly

Recovery

Eat Slowly

S N e O e T O I G G G R
NN jojoojynn b AW wIN NI R

Complete rest

0000000000000 0

Presurveys and Postsurveys

Both challenges were designed to help participants improve
eating habits, reduce stress, and increase their physical activity
level. Thefollowing 3 measures were administered in both pre-
and post-surveys.

1. Hedthy Eating: A 50-item, 5-point scale adopted from
Schlundt et al [24] was used to assess participants’ pre- and
post-program eating behavior patterns. A lower score
indicated healthier eating habits.

2. Perceived Stress Scale: A 10-item, 5-point stresslevel scale
was adapted from Cohen et a [25] to measure participants’
pre- and post-program perceived stresslevels. A lower score
suggested | ess perceived stress.

3. Metabalic Equivalent of Task (MET): Thiswas calculated
from gender, age, body massindex (cal culated from weight
and height), resting heart rate, and participants’ usua pattern
of daily physical activities as a measure of a person’'s

http:/mhealth jmir.org/2016/1/e4/
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cardiorespiratory fitness [26]. A higher value denoted a
higher fitness level.

To exclude possible confounds, at post-test we measured
perceptions of system usability (for participantsin the Mobile
Solo and Mobile Team conditions) and the participants’ general
attitude toward the program [20].

Attitude

A 3-item, 7-point scale (Cronbach’s alpha = .95) was used to
measure participants’ general attitude toward the program.
Usability

For participants in the mobile condition, a 10-item System
Usability Scale (SUS) was used to measure the usability of the

Fittle app [27].

Perceived stress scale and SUS scales have all demonstrated
good psychometric properties such as discriminant and
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convergent validity and test-retest reliability in multiple
populations [28].

In the post survey, we also asked participants an open-ended
guestion about their experience in the program.

Results

First, we analyze the baseline characteristics of the participants.
We then present analysis of user-generated reports to examine
compliance and adherence, followed by pre- and post-test survey
results to determine effects on outcomes measures.

Table 1 shows the baseline characteristics of this feasibility
study participants by group. Of the 124 participants enrolled,

Table 1. Characteristics of the participants by conditions.

Duetd

64.5% (80/124) were female and 86.3% (107/124) were white.
The mean age of participantswas 36 years (SD=9). A chi-square
test was used to determine whether there was a significant
difference between ePaper participants and M obile participants
in the education level. As much as 81.82% (54 out of 66) of the
participants in the ePaper conditions have at least a college
degree, whereas only 63.79% (37 out of 58) of the participants
in the Mobile conditions have at least a college degree. This

differencewas statistically significant, x,°=5.14 (N=124), P=.03.
Therewere no statistically significant differencesfound among
the groups for the factors balanced at minimization: Gender
(P=.55) and Age (P=.65).

Characteristics ePaper Solo ePaper Team Mobile Solo Mobile Team
(N=35) (N=31) (N=29) (N=29)
Agein years, mean (SD) 37.63(8.90) 36.87 (9.0) 35(8.68) 35.66 (9.85)
Females, n (%) 23 (65.7) 17 (54.8) 19 (65.5) 21 (72.4)
Caucasian, n (%) 31(88.6) 27(87.1) 27(93.1) 22 (75.9)
College degree, n (%) 27 (77.1) 27(87.1) 17 (58.6) 20 (69.0)
Attrition, n (%) 16 (45.7) 8(25.8) 8(27.6) 3(10.3)
Nonreporters, n (%) 18 (51.4) 9(29.0) 2(6.8) 3(10.3)

Attrition: At the end of the study, participants were emailed a
post survey. A total of 89 participants responded to the
post-survey. Participants (N=35) who did not complete the
post-survey were considered dropouts. Table 1 shows the
attrition rates in the 4 conditions. Participants in ePaper
conditions had higher attrition rates compared to participants
in Mobile conditions, x32:9.96 (N=124), P=.02. The ePaper
Solo condition had the highest attrition rate (45.7%, 16/35),
while the Mobile Team condition had the lowest attrition rate
(10.3%, 3/29).

Non-reporters: Participants who did not report any progress
data were considered non-reporters. There were more
non-reporters in the ePaper conditions than in the Mobile

conditions, x32=21.21 (N=124), P<.001. Thisis not surprising

Table 2. Average compliance and attitudes and SD by conditions.

giventhat it took more effort for peoplein the ePaper conditions
to submit their progress report back to the research team.

Attitudes Toward the Programs

A 1-way ANOVA with Tukey post-hoc comparisons revealed
that participants in the ePaper conditions held more positive
attitudes toward the program than participants in the Mobile
conditions (Fj4567=5.84, P=.001, partial n? =.13, Table 2).
Specifically, thisanaysis showed that participantsin the ePaper
Solo condition reported significantly more positive attitudes
(mean [SD] 6.37 [0.87]) than did people in the Mobile Solo
condition (mean [SD] 5.05 [1.27], P=.01) or marginaly
significantly more positive than did people in the Mobile Team
condition (mean [SD] 5.33 [1.64], P=.06).

Mobile Solo Mobile Team Paper Solo Paper Team
Compliance 0.30(0.39) 0.49(0.35) 0.95(0.07) 0.87(0.25)
Attitude 5.05(1.27) 5.33(1.64) 6.37(0.87) 6.04(1.40)

Some insights into this finding were gained by analyzing
participants’ responses to the open-ended question about their
experience with the program in the post survey. Participantsin
both the ePaper and Mobile conditions appreciated the
progressive nature of the challenges, and found the
self-monitoring, bookkeeping part boring, or felt that they did
not get enough team support (if they were in a team).
Participants in the Mobile condition felt (1) the design of the
app was not easy to understand, (2) the challenge team was
confusing, (3) did not know how to navigateto different features

http:/mhealth jmir.org/2016/1/e4/

inthe app, and (4) did not feel that they made progress because
the app did not give them an easy way to review their progress
in the program.

Social Interactionsin Team Conditions

Participantsin the Mobile Team condition only interacted with
other team memberswithin Fittle while participantsin the Paper
Team condition used traditional communication channelsmore
often. In the post survey, on a 5-point Likert scale (1: Never,
to 5: Every day), participants in both Mobile Team and Paper
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Team conditions were asked how often they interacted with
other team members using email, SMS, or phone cals.
Participantsin Paper Team conditions (M=2.07, SD=0.94) used
these traditional channels more often than those in the Mobile
Team conditions (mean [SD] 1.12 [0.22], t,3=4.58, P<.001).

Analysis of the server log data showed that on average each
participant in the Mobile Team condition interacted with other
team members 10 times (SD=14.97), with interactions in the
form of posting status updates, comments, or high fives.

Research Hypotheses Analyses

RH1: Higher Compliance in Mobile Conditions

Participants’ average weekly compliance rate was calcul ated.
Average weekly compliance scores were subjected to a 2-way
analysis of variance having 2 levels of group types (eg, Solo
and Team) and 2 level s of mediatypes (eg, Mobile and ePaper).

The main effect of mediatypeyielded an F g3 = 60.82, P<.001,
indicating that the mean average weekly compliance was
significantly greater for participantsin ePaper conditions (mean
[SD] 0.91[0.2]) than for those in Mobile conditions (mean [ SD]
0.39 [0.38]). The main effect of group type yielded an F; gg =
3.24, P=.08, indicating that the mean average weekly
compliance was not significantly different between Solo (mean
[SD] 0.55[0.44]) and Team conditions (mean [SD] 0.67[0.46]).
The interaction effect was significant, F, g = 4.53, P=.04.
Participants in the Mobile Team condition reported higher
average weekly compliance score than participantsin the Mobile
Solo condition. However, participants in the ePaper Team
condition reported lower average weekly compliance scorethan
participants in the ePaper Solo condition (Table 2).

Secondary Analysison RH1

Given that participant compliance to the Fittle wellness
challenge was self-reported, we further probed how accurately
participants reported their compliance in both conditions (ie,
via Fittle versus ePaper workbooks). In order to do this, we
surveyed the responders (ie, completers of the post-survey,
N=89). Participants were asked questions in a short follow-up
survey to help characterize their reporting behaviors in terms
of varioustime framesrelative to challenge activity completion
(ie, same day, next day, within 1 week, more than 1 week, and
end of study). Participants indicated at which time points they

http:/mhealth jmir.org/2016/1/e4/
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reported/recorded their activity completion, how confident they
felt about their report at each of those time points (measured
on a 5-point Likert scale, with responses ranging from Very
Unsureto Very Sure), and whether they guessed whilereporting
(measured with a simple yes/no response). Out of 89, N=63
participants completed this survey; N=33 in ePaper and N=30
in Mobile conditions. It isimportant to note that this survey was
specifically agnostic to medium of reporting and did not prime
participants in any way about that factor.

As seen in Figure 4, a clear dissociation between participants
in the Mobile and ePaper conditions emerged, as participants
in Mobile conditions reported their compliance with a much
higher frequency closer to the time of challenge activity
completion (2-sample Kolmogorov-Smirnov  (KS) test
comparing distributions was highly significant; KS (N=63) =
0.3254, P<.001). On the contrary, participants in the ePaper
condition appeared to report their compliance with a constant
frequency regardless of temporal proximity to challenge activity
completion.

Further, when probed about their confidence in their own
compliance report, participants in the Mobile condition again
clearly differentiated themselves from those in the ePaper
condition (Figure5). Their confidence progressively decreased,
asthetime of reporting grew distant from the challenge activity
completion time point, which could be indicative of honesty in
their reporting behaviors. In contrast, participantsin the ePaper
condition appeared to have relatively high confidence throughout
all time points of reporting regardless of when challenge activity
was completed. A Kruskal-Wallis test comparing medians at
each of the 5 time points (0=0.01 adjusted for multiple
comparisons) was highly significant for the later time points,

namely less than 1 week, X;2 = 13.14 (N=63), P<.001); more
than 1 week, x,° = 12.64 (N=63), P<.001); and end of study,
X2 = 10.99 (N=63), P<.001.

Finally, when participants were probed about whether they
guessed while they reported compliance, the division between
participants in the Mobile and ePaper conditions was further
solidified (Figure 6). Participants in the ePaper condition had
a much higher frequency of guessing while reporting as
compared to those in the Mobile condition (chi-square test was
highly significant, x,° = 25.25 (N=63), P<.001.

IMIR mHealth uHealth 2016 | vol. 4 | iss. 1 [e4 | p.148
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Figure4. Histograms showing timefrequency of participants’ activity compliance self-

Du et al

report in the Mobile and ePaper conditions; frequency distributions

weresignificantly different (Kolmogorov-Smirnov test, P<.001) between Mobile and ePaper conditions. KEY: Sm Day: Same Day as scheduled activity;

Nx Day: Next Day after scheduled activity.
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Figure 6. Frequency of guessing during activity compliance reporting.
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RH2: Higher Compliance in Team Conditions

Given that the accuracy of self-reporting compliance in the
ePaper conditions was much lower than in the Maobile
conditions, we subsequently focused on analyzing compliance
and adherence from the M obile conditions only. To understand
whether being in ateam induced higher compliance than being
alone, we compared Mobile Solo vs Mobile Team conditions.
We first examined the overall compliance between the 2
conditions. Overall compliance was defined as the average
compliance across 8 weeks (ie, challenge duration). There was
a significant difference in the overall compliance score for
Mobile Solo (mean [SD] 0.30 [0.39]) and Mobile Team (mean
[SD] 0.49[0.35]) conditions (tsy go=1.94, P=.05). Thissuggests
that working in a team increased participants overall
compliance within Fittle.

We further examined the distribution of the overall compliance
in Mobile Solo and Mobile Team conditions. A kernel density

http://mhealth.jmir.org/2016/1/e4/
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plot (Figure 7) showed that overall compliance in both Mobile
Solo and Mobile Team conditions interestingly follows a
bimodal distribution. Most participants in the Mobile Solo
condition had a very low overall compliance (left modal) and
very few participants in the Mobile Solo condition had a high
overall compliance (right modal). However, inthe Mobile Team
condition, the proportion of participants whose overal
compliance was around the left modal was reduced and most
participants' overall compliance was around 0.75 (right modal).
Thisdichotomy in the distribution of overall compliance across
Team versus Solo conditions suggests that the team social
support-based intervention ismore likely to shift individual user
compliance closer to the team mean (ie, increase individual
compliance). The challenge therefore to design more effective
socially based health behavior interventions is to focus on
increasing overall mean compliance in teams/groups of
participants.
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Figure 7. Kernel Density plots of average weekly compliance showing a bimodal distribution for both Mobile-Solo (Red) and Mobile-Team (Green)

conditions.
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RH3: Greater Adherencein Team Conditions

Based on the self-reported compliance data, adherence of the
ePaper groups was high. The average adherence rate of the
ePaper Solo group was 0.97 and ePaper Team group was 0.85
(Table 2). However, given the low confidence in the compliance
report in the ePaper conditions, we chose to focus the analysis
on the Mobile conditions.

We applied survival anaysis to test the hypothesis that
participants assigned to teams (Mobile Team) have greater
adherence to the program, controlling for perceived system
usability and attitudes toward the system. In the present study,
the event of interest isthetime at which auser disengaged from
Fittle. Thisanaysis predicted the length of engagement in Fittle
based on whether users worked in teams and other control
variables.

Table 3. Results of the survival analysis.

We considered a participant to have disengaged if they stopped
reporting compliance datafor an entire week (ie, the compliance
of aweek is zero). Participants who were engaged until the end
of the 8-week study weretreated asright censored in the survival
analysis.

Table 3 and Figure 8 show the results of the survival analysis.
Effects are reported in terms of the hazard ratio. The hazard
ratio value for TeamCondition meansthat participants assigned
to Team condition are 66% more likely to engage longer than
those assigned to the Solo condition (100% — [100% x 0.34]).
The hazard ratio for Attitude indicates that survival rates are
32% higher for those who had a positive Attitude at least 1
standard deviation greater than average, when all other variables
were at their average levels. These findings taken together
indicate that the team-based intervention, when combined with
apositive attitude toward the mobile phone-based program, can
positively impact and increase long-term adherence to the
program.

Variables Hazard ratio Lower 95% CI Upper 95% ClI
TeamCondition? (0=Solo, 1=Team) 0.34(P=.02) 0.14 0.86
Attitude” 0.68(P=.02) 0.49 0.95

#TeamCondition is a binary predictor variable that describes whether a user was assigned to a Team condition or a Solo condition.
bSus and Attitude areincluded as covariatesto check whether participants’ perceived usability of Fittle and their attitude toward the program interfered

with the ability to perform and report compliance data.
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Figure 8. Survival curves for participantsin Mobile-Team (Green) and Mobile-Solo (Red) conditions showing a significantly higher survival rate (ie,

“adherence” in the Mobile-Team condition; P=.02).
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RH4: Superior Outcomesin the Mobile-Team Condition

Table 4 shows participants average pre- and post-changes
(measured by (post-pre)/pre) on Healthy Eating, Perceived Stress
Scale, and MET. On average, participants experienced changes

4 5
Week

solo
team

inthe positive directions (ie, healthier eating habits, lower stress
levels, and more physically active) except for participants in
the Mobile Solo condition. Participants in the Maobile Solo
condition reported higher perceived stress levels at the end of
the study.

Table 4. Mean scores of percentage changes in Healthy Eating, Perceived Stress Scale, and MET, and the significance of 2 x 2 ANCOVAs.

ePaper Mobile Probabilities
Solo Team Solo Team Media TeamType Attitude Education
Healthy eating (%) -0.15 -0.13(0.11) -0.06 (0.10) -0.05(0.12) .001 .62 .002 .30
(0.08)
Perceived Stress ~ -0.27 -0.20(0.22) 0.18 (1.05) -0.08 (0.35) .02 .39 .006 .35
Scale (%) (0.23)
MET (%) 0.04 0.02 (0.09) 0.04 (0.15) 0.05 (0.19) .59 .85 .04 .38
(0.17)

In order to assess the relationship between media type, team
type, and participants improvements in Healthy Eating,
Perceived Stress Scale, and MET, a series of 2 x 2 (Media:
ePaper vs Mobile x Group Type: Solo vs Team) mixed effects
ANCOVASs were conducted, with a modified P-value of .017
(Bonferroni correction). The challenges (StressBusting or
NutriWalking) are modeled as random effects and participants
attitude toward the Fittle program and their education level are
modeled as covariates.

RH4 was not supported in this study. Table 4 shows the results
of the analysis. The influence of Media and TeamType was
found to be statistically nonsignificant on participants changes

http:/mhealth jmir.org/2016/1/e4/

in Perceived Stress Scale and MET. In terms of participants
improvement in eating patterns (Healthy Eating), participants
in ePaper conditions reported more improvements (mean [SD]
-0.1410.09]) than participantsin Mobile conditions (mean [SD]
-0.06 [0.11]), which was statistically significant. The strength
of this relationship, as indexed by n? was .27. Overall, these
results suggest that the ePaper-based intervention outperformed
the mobile delivery of the intervention in helping participants
achieve the health outcomes in this feasibility study.
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Discussion

Principal Results

Inthisproject, we studied anovel, low-cost, group-based mobile
phone health and wellness application called Fittle. The
intervention combined the traditional daily activities
suggestions/promptswith real-time, peer-to-peer social support
that encouraged discussions consistent with guidelines for
behavior change for health and wellness [29,30,31] and online
community building [10,12]. Moreimportantly, thisapplication
encouraged and helped usersto learn and master new, healthier
habits progressively over the 8-week period.

Our first specific study aim was to explore if socia support
improved adherence. Participantsin the Mobile Team condition
reported higher compliance to the program compared to those
inthe Mobile Solo condition. Our survival analysis showed that
participants assigned to the Team condition are 66% morelikely
to engage longer than those assigned to the Solo condition.
Furthermore, participants' overall attitude toward the program
had a significant effect on participants adherence, which
supports the notion that efforts to enhance positive attitudes
toward these health behavior change programs can greatly
increase their impact.

Our second specific study aim was to assess whether media
types (ePaper vs Mobile) were associated with different levels
of compliance and adherence to wellness programs. We found
that participantsin the ePaper conditions reported amuch higher
compliance score. However, the confidence in the compliance
report in the ePaper condition was much lower than in the
Mobile condition, while the attrition rate was higher in the
ePaper condition. One major factor that could have led to this
behavioral discrepancy between the 2 conditions is that the
affordance of the Mobile app is much lower to support
back-reporting in time, which is not the case with the ePaper
workbook. This could have led to possible over-reporting in the
ePaper condition precisely due to the easy access of the entire
ePaper workbook.

Thesefindings are consistent with those of Stone and colleagues
[32] who aso found that patients maintaining ePaper medication
diaries showed a higher frequency of back-reporting or
“hoarding.” These results may provide additional support for
the use of mobile diaries for patients/users wherein closer
tracking of long-term behaviors are required. It aso highlights
the need for objective measurement of adherence to behavioral
treatment regimens, which in the context of physical activity
interventions can potentially be achieved with wearable activity
trackers.

The third aim was to assess whether the use of Fittle led to
positive changes to participants eating behaviors, physical
activity, and stress level. The results revealed that participants
all reported some positive changesin Healthy Eating, Perceived
Stress Scale, and MET, except that participants in the Mobile
Solo condition reported higher Perceived Stress Scale at the
end of the study. No significant effects of media or team type
were found for the changes observed in Perceived Stress Scale
and MET. However, as for Healthy Eating, participants in

http:/mhealth jmir.org/2016/1/e4/
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ePaper conditionsreported moreimprovementsthan participants
in Mobile conditions. The reason for these results is unclear,
and it isnot explainable given our study design. One possibility
isthat the higher attrition in the ePaper groups could have been
related to less motivated participants dropping out, leaving a
more-motivated ePaper cohort to participate for the study
duration. On the contrary, the mobile app may have retained a
less-motivated cohort who would have otherwise had less
compliance and, consequently, these less-motivated participants
did not see the expected health benefits.

Limitations

Generalizability of theinitial findings from thisfeasibility study
islimited given that the sample was mostly white and female.
Moreover, recruitment through online advertisements resulted
in a selection bias with more highly educated people being
involved in the study, which is in line with the results from
previous reviews indicating that mainly higher educated
individuals participatein onlineinterventions[33]. Thisfurther
precludes the generalizability of our study results.

The overal attrition rate of this study was 28.2% (35/124).
Missing data may indicate a participant’s dissatisfaction with
the program. In this study, attrition was not equal among the
conditions, with attrition in the ePaper conditions being higher
than the Mobile conditions. The attrition rate in the ePaper
conditions was about 36.4% (24/66). However, in the mobile
conditions (Mobile Solo and Mobile Team), the attrition rate
was 18.9% (11/58), which is in line with results from recent
reviews that indicated that the average attrition rate in
Internet-based physical activity interventions is about 20%
[34,35]. However, thisis much higher than the 7% attrition rate
reported in mobile phone-based interventions [18]. This higher
attrition rate may be due to the fact that the Fittle app was a
work-in-progress app. Participants held more positive attitudes
toward the ePaper-based program than the app-based program.
This may have affected participant engagement. Currently, we
are working on redesigning these components to improve user
experience and accessibility of the health tips-based electronic
cards, which could help increase participant engagement in
future interventions.

Due to the higher than expected attrition rate, the absolute
sample size at the post survey was low, especialy for the
self-reported compliance, Healthy Eating, Perceived Stress
Scale, and MET data. Thisreduced statistical power could have
also partly precluded detection of any intervention effects in
the post survey on sdlf-reported Healthy Eating, Perceived Stress
Scale, and MET data

Finally, our initial research design strived to create equal-sized
teams. However, not every participant who qualified to
participate actualy joined the study and the teams ended up
having different sizes. Inafutureclinical trial, the design would
need to be altered to address the team size issue and to
potentially include analytical approachesto stratify and weight
teams based on size while examining intervention efficacy.

Implications and Future Research

The results from this study provide additional evidence to
support the role of positive social/group effect on participants
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adherencein mobile phone-based wellness programs. The sizes
of the teams range from 3 to 9 participants. However dueto the
small number of teams, we did not get much insight into the
optimal size of the teams. Future studies on the effects of team
sizes on adherence and best practi cesto organi ze effective teams
are necessary.

Moreover, it should be noted that the M obile conditionsreceived
different formsof social interactionsand support (ie, interactions
with other participants in Fittle, FittleBot-provided daily tips).
However, our study design does not alow us to determine
whether all components are equally effective and whether their
combination is necessary. Future studies should separate the
different intervention components in order to assess their
individual impact. Furthermore, recent research suggests that
prompts viaauto-messagesto stimulate social interactionswithin
groups helps significantly increase participation in socially
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based health behavior change interventions[12,36]. Therefore,
further research is necessary to help design more targeted
promptswithin our mobile phone application to most effectively
increase participant engagement.

Conclusions

In conclusion, in thisinitial study examining effectiveness of a
group-based mobile phone wellness program, we demonstrated
that having people work in teams led to a significantly higher
level of adherence and engagement over time. Positive changes
in participants' eating patterns, perceived stress, and physical
activity levelswere reported. We believe that thesefindings are
very promising and should encourage future research to
investigate and characterize the role of objective measures of
participants adherence and socia support in  mobile
phone-based wellness programs.

The study was partialy funded by a National Science Foundation, National Institutes of Health grant (grant number 1346066),
and partially funded by Xerox. HD was involved with the design and running of the study, collection of data, and anaysis and
interpretation of the data, as well as writing the initial draft of the manuscript. AV helped with data collection and analysis and
preparation of the manuscript. PP, GMY, and AR assisted in designing the study, interpretation of the data, supervision of the
project, and preparation of the manuscript.

The authors thank Ellen Isaacs for her help with experiment design and Charlotte Massey for her help with data collection and
entry. We would also like to acknowledge the contributions of Jacqueline LeBlanc and Frank Rolek who developed the

Nutriwalking and StressBusting challenges and provided valuable subject matter expertise.

Conflicts of Interest

The authors devel oped the Fittle application. Xerox owns full intellectual property of the Fittle app. The researchers developed
the application and objectively evaluated it, but have no commercia intent with the app.

References

1.  ThorpeK. The future costs of obesity: National and state estimates of theimpact on direct health care expenses URL : http:/
/www.nccor.org/downl oads/Costof ObesityReport-FINAL .pdf [WebCite Cache ID 6acBFXD3Q]

2. Jolly K, Lewis A, Beach J, Denley J, Adab P, Deeks JJ, et al. Comparison of range of commercia or primary care led
weight reduction programmes with minimal intervention control for weight lossin obesity: lighten Up randomised controlled
trial. BMJ 2011;343:d6500 [FREE Full text] [Medline: 22053315]

3. WingRR, Goldstein MG, Acton KJ, Birch LL, Jakicic M, Sallis JF, et al. Behaviora scienceresearch in diabetes: lifestyle
changes related to obesity, eating behavior, and physical activity. Diabetes Care 2001 Jan;24(1):117-123. [Medline:

11194216]

4.  Wing RR, Jeffery RW. Benefits of recruiting participants with friends and increasing socia support for weight loss and
maintenance. J Consult Clin Psychol 1999 Feb;67(1):132-138. [Medline: 10028217]
5. Rotheram-Borus MJ, Swendeman D, Chorpita BF. Disruptive innovations for designing and diffusing evidence-based

interventions. Am Psychol 2012 Sep;67(6):463-476 [FREE Full text] [doi: 10.1037/a0028180] [Medline: 22545596]
6.  Eysenbach G. Thelaw of attrition. JMed Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:

15829473]

7.  Meyouhealth.com. URL: https://challenge.meyouheslth.com [WebCite Cache ID 6ZOE1kcue]

8.  Poairier J, Cobb NK. Social influence as a driver of engagement in aweb-based health intervention. JMed Internet Res
2012;14(1):e36 [FREE Full text] [doi: 10.2196/jmir.1957] [Medline: 22356829]

9. Cavalo DN, Tate DF, Ward DS, DeVellis RF, Thayer LM, Ammerman AS. Social support for physical activity-role of
Facebook with and without structured intervention. Transl Behav Med 2014 Dec;4(4):346-354 [FREE Full text] [doi:

10.1007/s13142-014-0269-9] [Medline: 25584083

10. Turner-McGrievy GM, Tate DF. Weight loss social support in 140 characters or less: use of an online social network in a
remotely delivered weight loss intervention. Trans Behav Med 2013 Sep;3(3):287-294 [FREE Full text] [doi:

10.1007/s13142-012-0183-y] [Medline: 24073180

http:/mhealth jmir.org/2016/1/e4/

JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e4 | p.154
(page number not for citation purposes)


http://www.nccor.org/downloads/CostofObesityReport-FINAL.pdf
http://www.nccor.org/downloads/CostofObesityReport-FINAL.pdf
http://www.webcitation.org/6acBFXD3O
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=22053315
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22053315&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11194216&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10028217&dopt=Abstract
http://europepmc.org/abstract/MED/22545596
http://dx.doi.org/10.1037/a0028180
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22545596&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
https://challenge.meyouhealth.com
http://www.webcitation.org/6ZOE1kcue
http://www.jmir.org/2012/1/e36/
http://dx.doi.org/10.2196/jmir.1957
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22356829&dopt=Abstract
http://europepmc.org/abstract/MED/25584083
http://dx.doi.org/10.1007/s13142-014-0269-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25584083&dopt=Abstract
http://europepmc.org/abstract/MED/24073180
http://dx.doi.org/10.1007/s13142-012-0183-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24073180&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Duetd

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.
28.

29.

30.

31.

32.

33.

Brindal E, Freyne J, Saunders|, Berkovsky S, Smith G, Noakes M. Features predicting weight lossin overweight or obese
participants in a web-based intervention: randomized trial. J Med Internet Res 2012;14(6):e173 [FREE Full text] [doi:
10.2196/jmir.2156] [Medline: 23234759]

Pechmann C, Pan L, Delucchi K, Lakon CM, Prochaska JJ. Development of a Twitter-based intervention for smoking
cessation that encourages high-quality social media interactions via automessages. J Med Internet Res 2015;17(2):e50
[FREE Full text] [doi: 10.2196/jmir.3772] [Medline: 25707037]

Callaghan P, Morrissey J. Social support and health: areview. J Adv Nurs 1993 Feb;18(2):203-210. [Medline: 8436711]
Richardson CR, Buis LR, Janney AW, Goodrich DE, Sen A, Hess ML, et al. An online community improves adherencein
an internet-mediated walking program. Part 1: results of arandomized controlled trial. J Med Internet Res 2010;12(4):e71
[FREE Full text] [doi: 10.2196/jmir.1338] [Medline: 21169160]

Stoddard J, Augustson E, Moser R. Effect of Adding aVirtual Community (Bulletin Board) to Smokefree.gov: Randomized
Controlled Trial. JMed Internet Res Internet 2008 Dec 2008 Dec 9.

Nakhasi A, Shen AX, PassarellaRJ, Appel LJ, Anderson CA. Online social networksthat connect usersto physical activity
partners: areview and descriptive analysis. JMed Internet Res 2014;16(6):€153 [FREE Full text] [doi: 10.2196/jmir.2674]
[Medline: 24936569]

Al Ayubi Soleh U, Parmanto B, Branch R, Ding D. A Persuasive and Social mHealth Application for Physical Activity: A
Usabhility and Feasibility Study. IMIR Mhealth Uhealth 2014;2(2):e25 [FREE Full text] [doi: 10.2196/mhealth.2902]
[Medline: 25099928]

Carter MC, Burley VJ, Nykjaer C, Cade JE. Adherence to a smartphone application for weight loss compared to website
and paper diary: pilot randomized controlled trial. JMed Internet Res 2013;15(4):e32 [FREE Full text] [doi:
10.2196/jmir.2283] [Medline: 23587561]

Meltzer EO, Kelley N, Hovell MF. Randomized, cross-over evaluation of mobile phone vs paper diary in subjects with
mild to moderate persistent asthma. Open Respir Med J 2008;2: 72-79 [FREE Full text] [doi: 10.2174/1874306400802010072]
[Medline: 19412327]

Du H, Youngblood G, Pirolli P. Efficacy of a Smartphone System to Support Groups in Behavior Change Programs. In:
Proceedings of the Wireless Health 2014 on National Institutes of Health. New York, NY. USA: ACM; 2014 Oct 29
Presented at: Wireless Health 2014; Oct.29-Oct.31, 2014; Bethesda, MD p. 1-8. [doi: 10.1145/2668883.2668887]
Heffner JL, Wyszynski CM, Comstock B, Mercer LD, Bricker J. Overcoming recruitment challenges of web-based
interventions for tobacco use: the case of web-based acceptance and commitment therapy for smoking cessation. Addict
Behav 2013 Oct;38(10):2473-2476 [FREE Full text] [doi: 10.1016/j.addbeh.2013.05.004] [Medline: 23770645]

Thomas S, Reading J, Shephard RJ. Revision of the Physical Activity Readiness Questionnaire (PAR-Q). Can J Sport Sci
1992 Dec;17(4):338-345. [Medline: 1330274]

Randomizer.org. URL: http://www.randomizer.org [WebCite Cache ID 6ZOEMY PAY ]

Schlundt DG, Hargreaves MK, Buchowski M S. The Eating Behavior Patterns Questionnaire predicts dietary fat intake in
African American women. JAm Diet Assoc 2003 Mar;103(3):338-345. [doi: 10.1053/jada.2003.50049] [Medline: 12616256]
Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. JHealth Soc Behav 1983 Dec;24(4):385-396.
[Medline: 6668417]

JurcaR, Jackson AS, LaMonte MJ, Morrow JR, Blair SN, Wareham NJ, et al. Assessing cardiorespiratory fitness without
performing exercise testing. Am J Prev Med 2005 Oct;29(3):185-193. [doi: 10.1016/j.amepre.2005.06.004] [Medline:
16168867]

Brooke J. A “quick and dirty” usability scale. Usability Evaluation in Industry London: Taylor and Francis; 1996:189-194.
Konrad A, Bellotti V, Crenshaw N, Tucker S, Nelson L, Du H. Finding the Adaptive Sweet Spot: Balancing
ComplianceAchievement in Automated Stress Reduction. Proceedings of the 33rd Annual ACM Conference on Human
Factorsin Computing Systems Internet New York, NY. USA: ACM; 2015 Presented at: 33rd Annual ACM Conference
on Human Factors in Computing Systems; April 18-23; Seoul, Korea p. 3829-3838. [doi: 10.1145/2702123.2702512]
Fogg B. The Behavior Grid:35 Ways Behavior Can Change. In: Proceedings of the 4th International Conference on Persuasive
Technology. USA: ACM; 2009 Presented at: 4th International Conference on Persuasive Technology; April 26-29; Claremont,
California, p. 1-5. [doi: 10.1145/1541948.1542001]

Heron KE, Smyth JM. Ecological momentary interventions: incorporating mobile technology into psychosocial and health
behaviour treatments. Br J Health Psychol 2010 Feb;15(Pt 1):1-39 [FREE Full text] [doi: 10.1348/135910709X 466063]
[Medline: 19646331]

Gruzd A, Haythornthwaite C. Enabling community through social media. J Med Internet Res 2013;15(10):e248 [FREE
Full text] [doi: 10.2196/jmir.2796] [Medline: 24176835]

Stone AA, Shiffman S, Schwartz JE, Broderick JE, Hufford MR. Patient non-compliance with paper diaries. BMJ 2002
May 18;324(7347):1193-1194 [FREE Full text] [Medline: 12016186]

Turner-McGrievy G, Tate D. Tweets, Apps, and Pods: Results of the 6-month Maobile Pounds Off Digitally (Mobile POD)
randomized weight-loss intervention among adults. J Med Internet Res 2011;13(4):e120 [FREE Full text] [doi:
10.2196/jmir.1841] [Medline: 22186428]

http://mhealth.jmir.org/2016/1/e4/ JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e4 | p.155

(page number not for citation purposes)


http://www.jmir.org/2012/6/e173/
http://dx.doi.org/10.2196/jmir.2156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23234759&dopt=Abstract
http://www.jmir.org/2015/2/e50/
http://dx.doi.org/10.2196/jmir.3772
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25707037&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8436711&dopt=Abstract
http://www.jmir.org/2010/4/e71/
http://dx.doi.org/10.2196/jmir.1338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21169160&dopt=Abstract
http://www.jmir.org/2014/6/e153/
http://dx.doi.org/10.2196/jmir.2674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24936569&dopt=Abstract
http://mhealth.jmir.org/2014/2/e25/
http://dx.doi.org/10.2196/mhealth.2902
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25099928&dopt=Abstract
http://www.jmir.org/2013/4/e32/
http://dx.doi.org/10.2196/jmir.2283
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23587561&dopt=Abstract
http://europepmc.org/abstract/MED/19412327
http://dx.doi.org/10.2174/1874306400802010072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19412327&dopt=Abstract
http://dx.doi.org/10.1145/2668883.2668887
http://europepmc.org/abstract/MED/23770645
http://dx.doi.org/10.1016/j.addbeh.2013.05.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23770645&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1330274&dopt=Abstract
http://www.randomizer.org
http://www.webcitation.org/6ZOEMYP9Y
http://dx.doi.org/10.1053/jada.2003.50049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12616256&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=6668417&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2005.06.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16168867&dopt=Abstract
http://dx.doi.org/10.1145/2702123.2702512
http://dx.doi.org/10.1145/1541948.1542001
http://europepmc.org/abstract/MED/19646331
http://dx.doi.org/10.1348/135910709X466063
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19646331&dopt=Abstract
http://www.jmir.org/2013/10/e248/
http://www.jmir.org/2013/10/e248/
http://dx.doi.org/10.2196/jmir.2796
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24176835&dopt=Abstract
http://europepmc.org/abstract/MED/12016186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12016186&dopt=Abstract
http://www.jmir.org/2011/4/e120/
http://dx.doi.org/10.2196/jmir.1841
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22186428&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Duetd

34. DaviesCA, Spence JC, Vandelanotte C, Caperchione CM, Mummery WK. Meta-analysis of internet-delivered interventions
to increase physical activity levels. Int J Behav Nutr Phys Act 2012;9:52 [FREE Full text] [doi: 10.1186/1479-5868-9-52]
[Medline: 22546283]

35. Joseph RP, Durant NH, Benitez TJ, Pekmezi DW. Internet-Based Physical Activity Interventions. Am JLifestyle Med
2014 Dec;8(1):42-68 [FREE Full text] [doi: 10.1177/1559827613498059] [Medline: 25045343]

36. LukinS, Youngblood G, Du H, Walker M. Building CommunityCommitment with a Virtual Coach in Mobile Wellness
Programs. In: Fourteenth International Conference on Intelligent Virtual Agents.: Springer International Publishing; 2014
Presented at: Fourteenth International Conference on Intelligent Virtual Agents; August 27-29; Boston, MA p. 279-284.
[doi: 10.1007/978-3-319-09767-1_36]

Abbreviations

ANOVA: analysis of variance
ANCOVA: analysis of covariance
Cl: confidence interval

MET: metabolic equivalent of task
RH: research hypotheses

SUS: System Usahility Scale

Edited by G Eysenbach; submitted 03.07.15; peer-reviewed by E Hekler, E Anderson-Bill, A Carter, E Yom-Tov; comments to author
03.08.15; revised version received 14.08.15; accepted 22.09.15; published 15.01.16.

Please cite as:

Du H, Venkatakrishnan A, Youngblood GM, Ram A, Pirolli P

A Group-Based Mobile Application to Increase Adherence in Exercise and Nutrition Programs: A Factorial Design Feasibility Study
JMIR mHealth uHealth 2016;4(1):e4

URL: http://mhealth.jmir.org/2016/1/e4/

doi: 10.2196/mhealth.4900

PMID: 26772910

©Honglu Du, Anusha Venkatakrishnan, Gregory Michael Youngblood, Ashwin Ram, Peter Pirolli. Originally published in IMIR
Mhealth and Uhealth (http://mhealth.jmir.org), 15.01.2016. This is 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, a link to the original publication on http://mhealth.jmir.org/, as well as this copyright and
license information must be included.

http://mhealth.jmir.org/2016/1/e4/ JMIR mHealth uHealth 2016 | vol. 4 | iss. 1 |e4 | p.156
(page number not for citation purposes)

RenderX


http://www.ijbnpa.org/content/9//52
http://dx.doi.org/10.1186/1479-5868-9-52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22546283&dopt=Abstract
http://europepmc.org/abstract/MED/25045343
http://dx.doi.org/10.1177/1559827613498059
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25045343&dopt=Abstract
http://dx.doi.org/10.1007/978-3-319-09767-1_36
http://mhealth.jmir.org/2016/1/e4/
http://dx.doi.org/10.2196/mhealth.4900
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26772910&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Vorrink et a

Original Paper

A Mobile Phone App to Stimulate Daily Physical Activity in Patients
with Chronic Obstructive Pulmonary Disease: Development,
Feasibility, and Pilot Studies

Sigrid NW Vorrink®, MSc; Helianthe SM Kort"', PhD; Thierry Troosters®, PT, PhD; Jan-Willem J Lammers®, MD,
PhD

IResearch Group Demand Driven Care, Utrecht University of Applied Sciences, Utrecht, Netherlands
2Department of Rehabilitation Sciences, KU Leuven, Leuven, Belgium

3Department of Respiratory Medicine, University Medical Center Utrecht, Utrecht, Netherlands

“all authors contributed equally

Corresponding Author:

Sigrid NW Vorrink, MSc

Research Group Demand Driven Care
Utrecht University of Applied Sciences
Heidelberglaan 7

Utrecht, 3501 AA

Netherlands

Phone: 31 884815384

Fax: 31 884815936

Email: sigrid.vorrink@hu.nl

Abstract

Background: Patientswith chronic obstructive pulmonary disease (COPD) demonstrate reduced levels of daily physical activity
(DPA) compared to healthy controls. Thisresultsin a higher risk of hospital admission and shorter survival. Performing regular
DPA reduces these risks.

Objective: To develop an eHealth intervention that will support patients with COPD to improve or maintain their DPA after
pulmonary rehabilitation.

Methods: The design process consisted of literature research and the iterative devel oping and piloting phases of the Medical
Research Council (MRC) model for complex clinical interventions and the involvement of end users. Participants were healthy
adults and persons with COPD.

Results: The mobile phone interface met all the set requirements. Participants found that the app was stimulating and that
reaching their DPA goals was rewarding. The mean (SD) scores on a 7-point scale for usability, ease of use, ease of learning,
and contentment were 3.8 (1.8), 5.1 (1.1), 6.0 (1.6), and 4.8 (1.3), respectively. The mean (SD) correlation between the mobile
phone and a validated accelerometer was 0.88 (0.12) in the final test. The idea of providing their health care professional with
their DPA data caused no privacy issues in the participants. Battery life lasted for an entire day with the final version, and
readability and comprehensibility of text and colors were favorable.

Conclusions: By employing a user-centered design approach, amobile phone was found to be an adequate and feasible interface
for an eHealth intervention. The mobile phone and app are easy to learn and use by patients with COPD. In the final test, the
accuracy of the DPA measurement was good. The final version of the eHealth intervention is presently being tested by our group
for efficacy in arandomized controlled trial in COPD patients.

(JMIR mHealth uHealth 2016;4(1):e11) doi:10.2196/mhealth.4741
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Introduction

Vorrink et al

Methods

Regular physical activity has significant health benefits and
contributes to the prevention of non-communicable diseases
[1]. Inactivity is estimated to cause 9% of premature mortality
worldwide [2]. In older adults, there is strong evidence that
regular exercise and participation in physical activity lowers
mortality and morbidity [3], and has a significant impact on
several psychological and cognitive parameters [4]. Moreover,
physical activity has been observed as abehavioral determinant
for healthy aging [5].

Physical activity is also a relevant behavioral determinant for
patients with chronic diseases, such as chronic obstructive
pulmonary disease (COPD), to maintain physical condition [6],
and to improve health-related quality of life [7]. COPD is a
disabling airway disease with variable extra-pulmonary effects
that may contribute to disease severity in individual patients. It
mostly affects older adults with a history of tobacco smoke
exposure [8]. Patients with COPD demonstrate reduced levels
of spontaneous daily physica activity (DPA) compared to
healthy controls[9]. This contributesto ahigher risk of hospital
admission and shorter survival [10].

Pulmonary rehabilitation (PR) generally includes exercise
training, education, psychosocial and behavioral interventions,
nutritional therapy, and outcome assessment [11,12], and it can
help to improve physical capacity. Unfortunately, this effect
doesnot alwaystranglateinto improved DPA, and when it does,
it tends to fade out over time [13-15]. Taking into account the
benefits of regular DPA [16], it is important for patients with
COPD to improve, or at least to maintain their DPA levels after
arehabilitation program has ended.

Technol ogy-based assistance in health care (eHealth) can help
support patients with COPD by improving self-management of
the disease. Self-management interventions in patients with
COPD have been shown to improve health-related quality of
life, to lower the probability of a respiratory-related
hospitalization, and to reduce dyspnea [17,18]. It has been
postul ated that an eHealth intervention might al so be beneficial
in the self-management of DPA in patients with COPD. An
important element for successful implementation of an eHealth
intervention is to engage users in the design process because
design flaws can affect ease of use, usability, and reliability of
the system, which may reduce a user’s willingness to use the
intervention [19].

The objective of thisstudy isto develop an eHealth intervention
to support patients with COPD in improving or maintaining
DPA after PR. Weinvestigate what type of interfaceis adequate
and feasible toward obtaining this objective and scored the
resultant eHealth intervention in terms of usability and privacy.

http://mhealth.jmir.org/2016/1/e1l/

Recruitment

The design process was in alignment with the first two phases
(developing and piloting) of the Medical Research Council
(MRC) model for complex clinica interventions. The key
elements of the devel opment and eval uation process of the MRC
model were taken into account throughout the design process
[20] (Figure 1). This paper primarily focuses on phases A2
through C. Userswere defined as persons suffering from COPD,
who were aged 40 years or older, living independently, and had
completed a rehabilitation program.

eHealth Intervention and I nterface

Based on the literature and our own practice-based experience
inthetreatment of patientswith COPD, the eHealth intervention
that we sought to develop had to meet the following
requirements: (1) non-obtrusive and easily transportable, (2)
objective measurement of DPA, (3) direct feedback and personal
DPA, and (4) monitoring and feedback available from a health
care professiona (HCP).

At the time of this study (2010), several eHealth interventions
for physical activity engagement in patients with COPD had
been described. They were available in various forms, such as
wearable sensors[21], television [22], computers[23], amanual
input device [24], and maobile phones [25,26].

As an interface, a smartphone with app capabilities met all set
requirements. Although the penetration rate of smartphone use
among aging adults was estimated to be low at the time, they
were expected to become the majority over the next few years
[27,28]. Moreover, mobile touch screens are generally easy for
the elderly to use[27], and mobile phones are already equipped
with an accelerometer that is both accurate and reliable in
measuring and quantifying physical activity in a laboratory
setting [29].

Although various apps for mobile phones are available that
stimulate engagement in physical activity, none of the apps met
all therequirementsthat are needed to fully address our research
goal. Therefore, we decided to develop a new app and an
associated website for HCPs. This paper focuses on the
development of an app for an eHealth intervention.

We encountered 2 types of apps: those developed for mobile
phones running on the interactive operating system (iOS) and
those developed for mobiles phones running on the Android
operating system. Following a comparison of these 2 operating
systems, we opted for the HTC HD2 device (HTC). HTC was
chosen as the preferred device based on its higher battery
capacity, an absence of restrictions in distributing the app, and
its affordable price.
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Figure 1. Design process.
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Pilot Studies

After phases A and B (Figure 1), the product was tested in 3
pilot studies (C1, C2, and C3), and improved through an iterative
process. The pilot studies were designed to test the usability of
the interface and app, in addition to privacy concerns of the
users. The associated website for HCPs was not yet employed
in the pilot studies. We also sought to obtain an indication of
the accuracy of DPA measurements by the app. Specific sample
size recommendations for this type of development and
feasibility pilot studies are scarce, as most recommendations
arefor pilot studiesthat focus on the feasibility of corresponding

Table 1. Characteristics of the three pilot studies in study phase C.

RCT studies[30]. The pilot studies were designed to minimize
strain on patients with COPD. Therefore, we began the first
pilot study with healthy volunteers who had previous mobile
phone experience. A subsequent version was then tested in a
subset of patientswith COPD. Finally, alarger group of patients
with COPD were invited to test the final version. We aimed to
include 10, 3, and 10 participantsin pilot study groups C1, C2,
and C3, respectively [31]. The participants in pilot group C1
were recruited from a school, in pilot group C2 they were
recruited from a hospital, and in pilot group C3 they were
recruited from arehabilitation center. For inclusion criteria, see
Table 1.

Pilot study Inclusion criteria Duration of study Version application
C1 Healthy persons, experience with mobile phones 1 week Figure 2
Cc2 Persons suffering from COPD, aged =40 years, living indepen- 4 days Figure 3
dently, and having completed a rehabilitation program
C3 Persons suffering from COPD, aged =240 years, living indepen- 3 weeks Figure 4

dently, and having completed a rehabilitation program (same

aspilot C2)

The participants received instructions on the functionalities of
the mobile phone and app, and information on the course of the
study over atraining session lasting 1.5 hours. Thereafter, each
participant received a HTC Desire A8181 mobile phone with
the app installed, and they were given the opportunity to
practice, ask questions, and provide feedback. They were
instructed to wear the mobile phones in pouches (with various
choices for personalization) on their belts. This location was
chosen because the best measurements are achieved by

http://mhealth.jmir.org/2016/1/e1l/

positioning the accelerometer as close to the center of gravity
as possible [32,33]. They were aso instructed to wear
accelerometers (BHC0100 Sensewear PRO armband, Body
Media, Pittsburgh, US) that had been previoudly validated in
patients with COPD [34-37], on their right upper arms. The
armband and mobile phone were worn during waking hours.
The participants wereinstructed to perform their daily activities
asusua.
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After each study, a group consultation session was held. The
sessions started by asking the participants their genera
impression of the app followed by writing down 3 positive and
3 negative aspects. The most occurring aspects were written on
a flip-over and further discussed. The following topics were
each discussed for 5 minutes: wearing the mobile phone, using
the app, comprehensibility, navigation, future use, and
improvements to the app. Sessions were recorded and minutes
were made. Afterwards, the sessions were separately
summarized by 3 researchers and the main points were taken
into consideration for adjustment of the app. Furthermore, the
participants were asked to respond to 3 questionnaires (1) the
Usefulness, Satisfaction, and Ease of use (USE) questionnaire
on usability [38]; (2) the Florida State University (FSU) maobile
device feedback preferences scale; and (3) the FSU
physiological monitoring privacy scale (inspired by Beach et
a [39] and Kwazney et a [40]). Results of the USE
guestionnaire were compared within and between pilot studies
with independent and dependent t tests. All of the participants
were required to provide signed informed consent prior to the

Vorrink et al

study. Pilot studieswere waived from ethics committee approval
by the UM C Utrecht Medical Ethical Research Board (number
research protocol 10/259). Correlations between the
accelerometers on the armbands and the mobile phones were
computed by cal culating Pearson's correlation coefficient (r) in
SPSS version 21. The distinctive characteristics of the pilot
studies can be found in Table 1.

An additional pilot study, C4, was performed to provide an extra
check on DPA measurement accuracy. Thiswas performed with
10 participants who wore the armband and mobile phone for 1
week. Participants met the same inclusion criteria as in pilot
studies C2 and C3. These participants did not take part in a
consultation round and did not fill out questionnaires since the
development of the app was deemed ready at this point.

In pilot study C1, participants were asked to record their daily
activities in diaries, including corresponding times of day and
durations. In pilot study C3, 3 randomly selected participants
wore accel erometers during the first week.

Figure 2. Inversion 1, the y-axis provides a measure for activity, while the x-axis provides a measure for intensity. The DPA goal is met when the
blue ball (representation of current activity status) is kept in the green circle at all times. The widget shows a current status towards reaching a DPA

goal (pilot study C1).

question mark
explains app

Results

Setting Design Requirements
A list of design requirements for the eHealth intervention was
prepared with respect to the general requirements. Some aspects

http://mhealth.jmir.org/2016/1/e1l/
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of the existing apps found during the desk research were also
added as requirements. Furthermore, since COPD isinversely
related to socioeconomic status and mostly affects older adults
[41], special attention was paid to readability and
comprehensibility. Focus was put on the mobile phone app for
the users (Textbox 1).
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Figure 3. Inversion 2, the left axis shows amount of steps, while the right axis gives a measure of intensity. The DPA goa is reached when the open
circles (representation of current activity status) are kept in the rising green circles at all times (pilot study C2).
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Figure 4. Inversion 3, the bar on the left side combines amount and intensity of steps. The DPA goal is met when the vertical stripe (representation
of current activity status) iskept in therising rectangle at all times until the green areais reached. Absolute number of steps and current advice on DPA

progress are also shown (pilot study C3).
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The requirements for the monitoring website for the HCP can
be found in Textbox 2. Feedback from HCP on these latter
reguirements was obtained by consulting with 10 independent
respiratory nurses (in a consultation round), and 2
physiotherapists (by phone) who work with COPD patients.
Additions to the requirements with regard to privacy and
communication were made in response to their feedback.

Product Development

The app and website were created by asmall business enterprise
that specializesin devel oping health care apps. Interactive team
work sessions were held during this process. The various
designed versions of the app that were tested during the pilot
studies are illustrated in Figures 2-4. Communication and
multimediadesign studentsfrom Utrecht University of Applied
Sciences were employed to assist in improving the design of
the app and the widget after pilot study C2.

Pilot Studies

A total of 10 participants took part in pilot study C1, 3in C2,
and 7 in C3, of which 1 (10%), 3 (100%), and 4 (57%) were
male, respectively. The mean (SD) age of the participants was
21.5 (2.84), 65 (10), and 60.4 (9.4) yearsin C1, C2, and C3,
respectively. The participants were limited in their DPA due to

http://mhealth.jmir.org/2016/1/e1l/
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having COPD and were enrolled in a PR program at the time
of the study.

The results from the consultation rounds are shown in
Multimedia Appendix 1. In pilot study C2, 1 participant (33%,
1/3) was not interested in the intervention; therefore, the results
from the consultation round of this group primarily focused on
the remaining 2 participants. This participant did fill out the
questionnaires. Eleven subjects were recruited to participatein
pilot study C3. After thetraining session, 4 (36%, 4/11) declined
to participate due to the degree of expected effort. Onday 3 and
7 of pilot study C3, corrected apps were installed due to
discovered errorsin the agorithm that caused the app to measure
too few or no steps.

The results from the USE questionnaire are shown in Table 2.
The usability scoresfor pilot study C1 were significantly lower
than ease of use, learning, and contentment scores (P<.05 for
all). For pilot study C3, usability scoreswere significantly lower
than for ease of learning (P<.05). Ease of learning was
significantly lower in patients with COPD compared with
healthy participantsin pilot study C1 (P<.004 for C2; P=.017
for C3). The feedback preferences questionnaire in general did
not provide added insights to the consultation rounds.
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Textbox 1. Users requirements of the mobile phone-based app.

Vorrink et al

Software

Reasonably accurate measurement of DPA
DPA data are recorded on the mobile phone and available to the user in real time

Filters out movement produced by riding a car, bus, or train

Data are available for at least 12 weeks after generation (preferably even longer, such as 6 monthsto 1 year)

Data are sent automatically to a secured website for HCP (4-6 times a day)
Data are only available to users and HCP

Data are saved when phone runs out of battery

Data acquisition continues when the mobile phone isin standby mode or is being used for other purposes

Goal achievement elicits a motivating or complimentary message
Personal results can be published on social mediaif desired

The app uses little energy

An app-killer is added that can stop all apps except for the intervention
The app can be used on mobile phones of different brands

The app can be adjusted in the future

Interface

DPA is presented in duration, frequency, and intensity

Data are available in graphs and numbers

Visual display of progress and goal achievement on screensaver

Progressisvisible in numbers (and percentage until goal is reached)

Progress is visible based on day, week, and month

Letters and figures are easily readable (large font and high contrast)

Navigation is easy and comprehendible; only afew steps are required to reach a desired location
All text is formulated for persons with low literacy

The app can be personalized

Textbox 2. Website requirements for the HCP.

Software

Data are available for at least 12 weeks after generation (preferably even longer, such as 6 monthsto 1 year)

Data are only available to the HCP

SM'S text messages (short message service, SMS) or phone calls can be made from the website
DPA goals can be adjusted from the website

Goals can be set based on steps, duration, frequency, and intensity

Goals are individually adjustable

Interface

DPA is presented in duration, frequency, and intensity

Data are available in graphs and numbers

Overview of the activity status of multiple patients

Progress of each patient is easily visiblein an overview (eg, traffic light colors)

Individual page for each patient with detailed DPA information

http://mhealth.jmir.org/2016/1/e1l/
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Table 2. The mean (SD) scores of the USE questionnaire in the various pilot studies.

Pilot study Scores, mean (SD)
Usability Ease of use Ease of learning Contentment
c1 3.8(2.0) 5.4 (1.7) 6.6 (0.6) 48(1.7)
c2 3.9(2.9) 5.1(2.1) 4.1(2.9) 5.7(1.7)
C3 3.7(2.0) 48(2.2) 5.9(15) 44(18)

The correlations between the mobile phones and the armband
accelerometers for steps per day are shown in Table 3. The
armband of participant 1 (C1) malfunctioned. Participant 2 (C3)
only wore the armband for 2 days and was excluded from

Table 3. Correlation between mobile phones and armband accel erometers.

analysis. The additional pilot study C4 was performed solely
to provide an extra check on DPA measurement accuracy. The
numbers of valid days for analysis were 8, 4, 8, and 8 for all
participantsin pilot study C1, C2, C3, and C4, respectively.

Pilot study, r&  Participant

1 2 3 4 5 6 7 8 9 10
C1 N/A 94° 96° 76° 71° 76° 64 61 97° 13
c2 g7 54 7ob N/A N/A N/A NA  NA N/A N/A
c3 45 N/A 67 N/A N/A N/A NA  NA N/A N/A
C4 99° .98° 96° 90° 99° 4 69 69° 84° 99°

3Pearson correlation coefficient.
bSignificant at P<.05

Discussion

Principal Findings

Engaging patients with COPD in active control over their DPA
can work as a preventive measure to prevent functional decline
[42]. Therefore, our objective was to develop an eHealth
intervention that will help patients with COPD to improve or
maintain their DPA after a period of pulmonary rehabilitation.
Thefinal product consists of two components (1) amobile phone
app (the focus of this study); and (2) a website for HCPs. The
app measures DPA as steps per day, measured by the
accelerometer of the mobile phone, and showsthisinformation
to the patient via the display of a mobile phone. A
physiotherapist can monitor the patient via a secure website
where DPA measurements are accessiblefrom all patients. DPA
goals can be adjusted and text messages sent to inform and to
motivate patients. Furthermore, the website of the intervention
can help an HCP work in a more efficient way by monitoring
all of their patients at once and enabling them to intervene early
on in patients who have trouble maintaining DPA.

Use

The mobile phone-based app was found to be easy to learn and
use by the participants as well as the patients with COPD.
Usability scores were lower than ease of use, learning, and
contentment scores. Thiswas significant in pilot study C1 and
C3 (for ease of learning). This could be explained, in part, by
the fact the app was still in the development phase and still
contained some errors, as demonstrated in pilot study C3. Ease
of use scores were lower for the patients with COPD, though
not significantly. This could be because touch screen pointing
performance reduceswith age. It isinfluenced by size, spacing,

http://mhealth.jmir.org/2016/1/e1l/

and location of the target, as well as by size of the device and
practice[27,28]. Older people prefer functionsthat support their
declining functional capabilities, and enjoyability isanimportant
determinant of adherence [27]. During the development of the
app, attention was paid to al of these aspects. Ease of learning
was significantly lower in patients with COPD compared with
healthy participants. Proper instruction will greatly influence
success in mobile phone usage [43]. Older adults take longer
in learning to use mobile phones, and they commit more errors
when entering information into mobile phone-based software
app [44]. Efforts to overcome these behavioral and attitudinal
barriers must include well-designed training that is targeted to
older adults to teach mobile phone usage skills as well as
creating software with an improved interface and operation [44].

Design

The graphic design of the app was adjusted several times to
improve use and to provide a better understanding of the DPA
data, as well as to accommodate those with low technology

literacy. A combination of qualitative and quantitative feedback
proved the best fit.

Privacy

The key aspect, with respect to privacy, is to give the user
control over their data distribution. An important element of
theintervention isthat an HCP hasinsight into a patient’s DPA
data. Thisdid not pose aproblem for the participantsin the pilot
studies.

Measurement of DPA

Distance travelled, cycling, strength training, and the intensity
of walking stairs were not properly captured by the app. The
first two activities could be added by using GPS data, but this
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put too much strain on battery life. The accuracy of the
measurement varied greatly between participants. Possible
reasons for poor correlations include the amount of time spent
in atrain, bus, or car (participant 7, pilot study C1), unclear
diary entries as to whether the mobile phone was worn during
exercise (participant 8, pilot study C1), a phone pouch that
contained a magnet (participant 10, pilot study C1), using a
walker (participant 2, pilot study C2), and using a mobility
scooter (al participants of pilot study C3). Using a walker,
mobility scooter, or other forms of assistive devices for DPA
were added to the exclusion criteria for participants in the
randomized controlled trial (RCT). In pilot study C3, the errors
in the app in the first week probably also accounted for poor
correlations. An additional pilot study (C4) showed a mean
(SD) correlation between the armbands and mobile phone
accelerometers of r=.88 (.12).

Limitations

During pilot study C3, errorsin the algorithm were discovered
twice in the distributed app. Although these were swiftly
corrected, this could have had a negative impact on the
participants’ views of the app.

In pilot study C3, therewere 4 (36%, 4/11) dropout participants
beforehand due to too much expected effort in learning how to
useamobile phone, and in pilot study C2 therewas 1 participant
(33%, 1/3) that was not interested in, and did not use, the
intervention. This participant had trouble understanding how
to use the mobile phone. As mentioned before, proper instruction
iskey in usage success. More extensive instruction might have
improved understanding and prevented dropout. The results of
the questionnairesin pilot study C2 may have been negatively
influenced by this participant.

Battery life posed a major problem while developing the app.
Not all desired options, such as GPS-tracking and continuous
measurement, were possible due to limited battery capacity.
The “5 minutes on and off” configuration was chosen so the
battery would last a whole day, which was deemed important
for adherence. With the development of mobile phone
technology and accompanying batteries with higher capacity,
the app could be adjusted back to continuous measurement, and
GPS-tracking could be added.

Using amobile phone to measure DPA isagood way to obtain
objective data on this parameter; however, it is not a highly
valid and reliable measurement instrument such asthat used in
research settings. Additional validated accelerometers would
provide improved measurement accuracy of DPA, but it was
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reasoned that (long-term) adherence to the intervention would
benefit from the least amount of devicesworn. This app can be
useful in obtaining an indication of a patient’s activity outside
of aclinical setting. It will provide much more reliable data
compared to a patient’s recall [45,46].

Comparison With Prior Work

A review conducted by Bort-Roig et al [47] evaluated 10 studies
that described the accuracy of physical activity dataas measured
by a mobile phone. The participants were mostly overweight
or healthy adults. The studies reported measurement accuracy
ranging from 52% to 100% in identifying certain activitiesand
postures (eg, walking or standing). As described, thereisroom
for improvement in DPA measurement accuracy when using a
mobile phone accel erometer.

Thisreview also found that physical activity profiles, real-time
feedback, social networking, expert consultation, and goal
setting were identified as key features that facilitated physical
activity engagement. Most of these features are also incorporated
in our eHealth intervention.

We found one pilot study that similarly focused on physical
activity stimulation in patients with COPD [48]. Their
intervention consists of a mobile phone app, website, and
separate accelerometer. The participants felt encouraged to be
more active. The positive effectsincluded an avareness of DPA
performance, the stimulating effect of a daily target goal, and
a positive effect on self-efficacy. Motivation dropped when
technical problems occurred, which is something that we also
encountered in pilot study C3.

Conclusions

By employing auser-centered design approach, amobile phone
wasfound to be an adequate and feasible interface for an eHealth
intervention because it is non-obtrusive, can measure DPA
objectively, and, by using an appropriate app, direct feedback
on DPA can be given. Moreover, by combining the app with
an appropriate and secured website, monitoring and feedback
by an HCP is possible. The mobile phone and app are easy to
learn and use by patientswith COPD. Battery lifelasted awhole
day with thefinal version, and readability and comprehensibility
of text and colors were good. The accuracy of DPA
measurement was good in the final test. The idea of providing
an HCP with DPA data caused no privacy issues in the
participants. The final version of the eHealth intervention is
presently being tested by our group for efficacy in a RCT in
COPD patients.
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Multimedia Appendix 1
Results from the consultation rounds. Data from [28,40,41,42].
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Abstract

Background: Physical inactivity and sedentary behavior increase the risk of chronic iliness and death. The newest generation
of “wearable” activity trackers offers potential as a multifaceted intervention to help people become more active.

Objective: To examine the usability and usefulness of wearable activity trackers for older adults living with chronic illness.

Methods: We recruited a purposive sample of 32 participants over the age of 50, who had been previoudly diagnosed with a
chronic illness, including vascular disease, diabetes, arthritis, and osteoporosis. Participants were between 52 and 84 years of age

(mean 64); among the study participants, 23 (72%) were women and the mean body mass index was 31 kg/m?. Participants tested
5 trackers, including a simple pedometer (Sportline or Mio) followed by 4 wearable activity trackers (Fitbit Zip, Misfit Shine,
Jawbone Up 24, and Withings Pulse) in random order. Selected devices represented the range of wearable products and features
available on the Canadian market in 2014. Participants wore each device for at least 3 days and evaluated it using a questionnaire
developed from the Technology Acceptance Model. We used focus groups to explore participant experiences and a thematic
analysis approach to data collection and analysis.

Results: Our study resulted in 4 themes: (1) adoption within a comfort zone; (2) self-awareness and goal setting; (3) purposes
of datatracking; and (4) future of wearable activity trackers as health care devices. Prior to enrolling, few participants were avare
of wearable activity trackers. Most also had been asked by a physician to exercise more and cited this as a motivation for testing
the devices. None of the participants planned to p