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Abstract

Background: Understanding how engagement in mobile health (mHealth) weight loss interventions relates to weight change
may help devel op effective intervention strategies.

Objective: Thisstudy aimsto examine the (1) patterns of participant engagement overall and with key intervention components
within each intervention arm in the Cell Phone Intervention For You (CITY) trial; (2) associations of engagement with weight
change; and (3) participant characteristics related to engagement.

Methods: The CITY trial tested two 24-month weight |ossinterventions. One was delivered with a smartphone app (cell phone)
containing 24 components (weight tracking, etc) and included prompting by the app in predetermined frequency and forms. The
other was delivered by a coach via monthly calls (personal coaching) supplemented with limited app components (18 overall)
and without any prompting by the app. Engagement was assessed by cal culating the percentage of days each app component was

http://mhealth.jmir.org/2018/10/e10471/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 10 | €10471 | p. 1
(page number not for citation purposes)

RenderX


mailto:pao.hwa.lin@dm.duke.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Linetad
used and the frequency of use. Engagement was also examined across 4 weight change categories: gained (=2%), stable (+2%),
mild loss (=2% to <5%), and greater loss (=5%).

Results: Datafrom 122 cell phone and 120 personal coaching participants were analyzed. Use of the app was the highest during
month 1 for both arms; thereafter, use dropped substantially and continuously until the study end. During the first 6 months, the
mean percentage of days that any app component was used was higher for the cell phone arm (74.2%, SD 20.1) than for the
personal coaching arm (48.9%, SD 22.4). The cell phone arm used the apps an average of 5.3 times/day (SD 3.1), whereas the
personal coaching participants used them 1.7 times/day (SD 1.2). Similarly, the former self-weighed more than the latter (57.1%
days, SD 23.7 vs 32.9% days, SD 23.3). Furthermore, the percentage of days any app component was used, number of app uses
per day, and percentage of days self-weighed al showed significant differences across the 4 weight categories for both arms.
Pearson correlation showed a negative association between weight change and the percentage of days any app component was
used (cell phone: r=-.213; persona coaching: r=-.319), number of apps use per day (cell phone: r=—.264; personal coaching:
r=-.308), and percentage of days self-weighed (cell phone: r=-.297; personal coaching: r=—.354). None of the characteristics
examined, including age, gender, race, education, income, energy expenditure, diet quality, and hypertension status, appeared to
be related to engagement.

Conclusions: Engagement in CITY intervention was associated with weight loss during the first 6 months. Nevertheless,
engagement dropped substantially early on for most intervention components. Prompting may be helpful initially. More flexible
and lessintrusive prompting strategies may be needed during different stages of an intervention to increase or sustain engagement.
Future studies should explore the motivations for engagement and nonengagement to determine meaningful levels of engagement
required for effective intervention.

Trial Registration: ClinicaTrials.gov NCT01092364; https://clinicaltrials.gov/ct2/show/NCT01092364 (Archived by WebCite

at http://lwww.webcitation.org/72V 8A4e5X)

(JMIR Mhealth Uhealth 2018;6(10):€10471) doi: 10.2196/10471
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Introduction

Background

Mobile health (mHealth) technology provides innovative ways
to create interventions that may help people lose weight and
sustain weight loss [1-3]. mHealth weight loss interventions
use mobile user interfaces (eg, short message service text
messaging and always-nearby touch screens) to deliver the
intervention in the midst of everyday life. They sometimes use
the wearable sensing capabilities of the mobile devices as well
to gather data and provide tail ored feedback to peopletrying to
reduce weight. Some meaningful level of engagement isrequired
to ensure the delivery and receipt of intervention components
in research studies.

The effectiveness of behavioral weight loss studies that are
delivered in person is known to be moderated by dose [4].
Although not much is known about the relationship between
engagement in mHealth interventions and weight outcome,
previous studies have shown that a higher engagement is
associated with a more favorable study outcome [5,6].
Engagement is a complex concept, and its conceptualization
and measurement can vary from study to study. Engagement is
sometimes used interchangeably with adherence. Various
theoretical models of engagement and adherence have been
devel oped, but not all model s have been tested against empirical
evidence [7]. In general, these models suggest that individual,
environmental, technological, and social support factors may
influence user engagement and, subsequently, intervention

efficacy.

http://mhealth.jmir.org/2018/10/€10471/

Objectives

Inthisreport, we defined engagement specifically asinteraction
with components of the intervention and then assessed various
types of engagement to understand how and whether
engagement relates to weight management. Specifically, we
defined engagement as the frequency of use of various
intervention components of the cell phone app and the
attendance of thein-person group sessions and phone counseling
calls. We theorized that a higher engagement may reflect
individual motivation and lead to a greater commitment for
behavioral change and, thus, a higher intervention efficacy in
the Cell Phone Intervention For You (CITY) clinical trial.

Inthe CITY trial, we compared 2 behavioral interventions for
weight loss: the cell phone (CP) intervention arm and the
personal coaching (PC) arm [8]. Even though neither arm lost
a significantly different amount of weight compared with the
control arm at 24 months, the PC arm lost the greatest amount
of weight at 6 months (P<.01). Therewasalso alarge variability
in weight loss within each arm—some participants lost a
substantial amount of weight, whereas othersdid not. The CITY
intervention provides an opportunity to examine engagement
because it incorporated various strategies for delivering
intervention components, such as using sensor technology for
capturing data from a wireless scale, providing tailored
feedback, and using prompting as a reminder strategy. In
addition, detailed and careful collection of both engagement
data and weight data allows for examination of the association
between engagement and weight and for examination of factors
that may influence engagement. Thus, this work examines (1)
the patterns of participant engagement overall, and with key
intervention components within each intervention arm, in the
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CITY tria; (2) the associations of engagement patterns with
weight change; and (3) the participant characteristics related to
intervention engagement.

Methods

Study Design

The CITY study was 1 of the 7 trials in the Early Adult
Reduction of weight through LifestY |e I ntervention consortium,
sponsored by National Heart Lung and Blood I nstitute (NHLBI,
5U01HL096720) [9]. CITY was approved by the Duke
institutional review board and an NHLBI-appointed Protocol
Review Committee and Data and Safety Monitoring Board.
Enrollment occurred between December 2010 and February
2012. The primary objective of the main CITY study was

Linetd

two-fold: (1) to compare an mHealth intervention delivered by
an interactive CP app with usual-care controls and (2) to
compare an in-person and phone-supplemented PC intervention
enhanced by CP self-monitoring with usual care (Figure 1). For
this report, we analyzed data from the 2 intervention arms, not
the control arm. Theintervention period lasted 24 months, with
data collection at baseline and 6, 12, and 24 months post
randomization.

Study Population and Randomization
A total of 365 individuals, aged 18 to 35 years, overweight or

obese (body mass index [BM1]>25 kg/m?), and currently using
a smartphone were enrolled in the study. Individuals were
excluded if they were taking weight loss medications,
corticosteroids, or had undergone weight loss surgery.

Figure 1. Cell Phone Intervention For You study CONSORT (Consolidated Standards of Reporting Trials) diagram.
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Randomization was stratified by gender and BMI (overweight,

BMI225-30 kg/m? vs obese, BMI=30 kg/m?) with equal
allocation to each of the 3 study arms.

Interventions

Full descriptions of the CITY study [8] and intervention [10]
have been reported elsewhere. The control arm received
handouts on healthy eating and exercise for weight management
immediately post randomization. No further intervention was
offered to the control participants. A summary for each of the
2 active interventions is given below. Both the CP and PC
interventions were rooted in theoretical models, and the
behavioral framework was based on previous intervention
programsthat |ed to significant weight lossin 6 months[11,12].

Behaviora changetechniques such as self-monitoring, feedback
on behavior, goa setting, problem solving, action planning,
behavioral contract, comparison of outcomes, incentive,
behavior substitution, habit formation, prompts or cues,
modeling of behavior, and shaping knowledge wereincorporated
into components of the intervention (Multimedia Appendix 1).
Assdlf-monitoring has been shown repeatedly to be an important
feature of behaviora weight-loss programs [13,14], we
emphasized this behavioral strategy in both intervention arms.
Participants in the CP arm were prompted by the smartphone
app daily to self-weigh, whereas the PC participants were
encouraged by their coach to self-weigh during monthly calls.
The CP arm also received auditory, vibrotactile, and visual
prompting from the app based on a predetermined schedule to
record food intake, set goals, and engage in physical activity.
The prompting schedul e was designed by the intervention team
based on collective research experience and the consensus to
(2) focus on 1 behaviora technique of self-weighing and (2)
emphasize afew key self-monitoring techniques during thefirst
6 months and then reduce the frequency of prompting over time.
We believed that regular prompting initially could help establish
new behaviors, but that too much sustained prompting might
be disruptive and not sustainable. In addition to the study phone,
participantswere given ascale (HD-351BT, Tanita Corp, Tokyo,
Japan) to record weight readings. The scale wirelessly
communicated with the CITY app via Bluetooth and allowed
participants to take a measurement without entering data into
the smartphone, thereby possibly reducing participant burden
[10]. The CITY app uploaded the weight data and other app use
data to the research server, and these summary data were
available to the study investigators and interventionists.
Participantsin both of theintervention armswere provided with
a smartphone that was used as their personal phone, and they
were compensated for monthly smartphone data coverage and
for attending the data collection visits. The participants could
uninstall the CITY app themselves.

Per sonal Coaching Intervention

Participants randomized to the PC intervention arm attended 6
weekly 2-hour group sessionswithin 2 months of randomization.
The sessions included 5 to 10 participants each and were
conducted by a coach with registered dietitian training, with
multiple years of coaching experience, and trained in
motivational interviewing techniques. At the conclusion of all
6 group sessions, participants received amonthly coaching call
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from the coach for an additional 22 months (21 callstotal). No
other intervention contact was made between the coach and
participants outside of group sessions and monthly phone
coaching. To supplement the coaching, PC participants were
encouraged to use the CITY smartphone app to track weight,
diet, and physical activity. The uploaded weight data allowed
the coach to know if a participant was recording weight
measurements daily, as recommended, and to discuss such
behavior (or lack of it) during the monthly calls.

In contrast to the app used by the CP arm, the app available to
PC participants was entirely passive, requiring participants to
self-initiate use by opening the app icon. It did not proactively
present the user with information, prompt for information, or
send reminders to use the app, and thus, it was unlikely to be
seen every time participants used their smartphones.

Cedll Phone I ntervention

The CPintervention was designed following the same behavioral
framework. However, the behavioral framework was
implemented for a smartphone, without interaction with alive
coach. The delivery mode for the CP intervention was through
a fully automated smartphone app that included auditory,
vibration, visual, and peripheral prompting intended to
encourage use and gather data. This app was designed and
developed by the study team. Coaches communicated with the
CP participants every 6 months for a quick check-in by phone
to make sure the smartphone was working properly, but
otherwise, the CP intervention was delivered entirely through
the smartphone app.

The smartphone app had 24 components within 10 behavioral
strategies such astutorials; tips and news; goal -setting; a buddy
system; food tracking; physical activity tracking; feedback and
challenge games to increase self-monitoring and physical
activity; and an other component including components such
as sending feedback about the app, sending requestsfor help to
the research team, and updating the app. Multimedia A ppendix
1 describes the components that the CP participants were
prompted to use and how engagement was tracked from use of
those components. The app also included proactive visual,
vibratory, and auditory prompting to grab the user’s attention
and peripheral display reminders [15] that appear regularly on
the lock and home screens and may capture the user’s attention
at times. Prompting (both active and peripheral) may be helpful
to increase engagement because it (1) might influence general
attitude (eg, message sent through prompting: “You have been
inthe CITY study for 150 days’), (2) remind participants about
specific goals (eg, “ Take one weight measurement each day”),
(3) encourage immediate performance of a task such as
self-monitoring (eg, “Track your veggie intake now”) or goal
setting (eg, “Set your weekly weight loss goa™), (4) increase
knowledge transfer (eg, “Popcorn without butter is a healthy
snack”), (5) provide positive reinforcement (eg, “Great job
tracking your food”), and (6) deliver social support (eg, “Your
weight loss buddy says ‘ Good job tracking'”). The prompting
was only designed for certain app components for the CP arm.
The frequency of prompting for each app component was
averaged for each of the 3 study periods (months 1-6, 7-12, and
13-24 months) and is shown in Multimedia Appendix 1.
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The visual prompts moved the home screen of the app to the
smartphone’s foreground (regardless of what other apps the
person might be using at that time), displaying the app content
along with a 4 2 seconds audio chime and/or a 4 seconds
vibration pattern, depending upon the smartphone's audio
settings at thetime. The app al so included peripheral aways-on
reminders, achieved in 2 ways: (1) messages appeared on the
smartphone’s lock screen, so that every time the smartphone
was used and turned on, a CITY message related to tips or
motivation for weight losswasvisible and (2) participantswere
requested to set the CITY app to control their smartphone’s
home screen wallpaper, so that once the smartphone was
unlocked, CITY displayed a message on the smartphone’s app
home screen constantly. The wallpaper display included alink
to open the main app with atap. However, the participants could
disable the home screen display, and the app could not prevent
them from doing so. Participants could also simply cover up
the home screen display with other images. Asin the PC arm,
participants in the CP arm were provided with awireless scale
that could send data to the smartphone app [10].

M easurement and Recor ding of Engagement

Programmatically, it is beyond the scope of this report to
measure the dosage of most components of the app accurately
such as the duration of time the app component was used for
but rather only initiation or use of the component. This work,
therefore, focuses on the app use as a proxy for the level of
engagement. The CITY app logged participant use of every
major app component-action (eg, obtaining weight from the
scale, dietary tracking, and physical activity tracking) for both
intervention arms. There were a total of 18 app
component-actionslogged for the PC arm and 24 actions|ogged
for the CP arm (see Multimedia Appendix 1) [10]. These data
were uploaded daily from the smartphonesinto the study server.
Completion of group sessions and monthly callsin the PC arm
were also counted toward engagement and were recorded by
the coach into the study database. For this report, we defined
engagement as the use of specific app components. For the PC
arm only, we additionally defined engagement as attendance at
group sessions and phone counseling calls.

Statistical Analysis

Recognizing that engagement with different components of the
intervention demands different amounts of time and effort (ie,
attending group session vs weighing self), we evaluated all
components of engagement combined and separately for specific
app components. For this manuscript, we considered a discrete
instance of use of each app component to be achieved when a
participant completed an important, but also measurable,
interaction with that component. In other words, looking at a
screen that asks a participant to take a weight reading does not
count as use, but entering a weight value when asked to do so
does count as use. Engagement datawere summarized for each
participant for each app component for each day; then, the
participant-level data were averaged for the CP and PC arms
(separately and combined) over time by month and by 3 specific
intervention periods: from baseline to 6 months, 7 to 12 months,
and 13 to 24 months. These periods correspond to distinct phases
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of the intervention with regard to availability and frequency of
different app components.

We al so examined the rel ationship between categories of weight
change and engagement during the 3 study periods. Weight
change was grouped into 4 categories: gained (=2%), stable
(£2%), mild loss (lost 2% to <5%), and greater loss (lost >5%).
These categories were chosen to reflect current guidelines that
support 2% to 5% weight loss as clinically meaningful and
stable weight as within £2% of weight gain or loss [16].
One-way analysis of variance (ANOVA) was used to compare
each of the 5 sel ected engagement measures across these weight
change categories separately for the CP and PC arms for each
intervention period. The 5 engagement measures included (1)
mean percentage of days any app component was used
(including self-weighing; PC and CP), (2) the mean number of
times any app component was used per day (including
self-weighing; PC and CP), (3) the mean percentage of days
participants self-weighed (PC and CP), (4) the mean completion
rate of group sessions (PC only), and (5) the mean completion
rate of group sessions and monthly calls combined (PC only).
In addition to examining the relationship between categories of
weight change and the engagement measures during the 3
intervention periods, we used the Pearson linear correlation
coefficient to assessthelinear association of these 5 engagement
measures with continuous weight change separately for the PC
and CP arms for each of the 3 intervention periods.

To understand whether baseline characteristics were associated
with higher levels of engagement during the first 6 months of
the intervention, we examined the distribution of selected
baseline characteristics across quartiles of the mean number of
times any app component was used per day (including
self-weighing) for the PC and CP arms separately. Baseline
characteristics such as age, gender, race, ethnicity, education,
income, weight, BMI, energy expenditure, healthy eating index
score, and hypertension status were examined. All statistical
tests were two-sided, and a P value of <.05 was considered
statistically significant. All analyseswere conducted using SAS
9.4 (SAS Ingtitute, Cary, NC).

Results

Table 1 describesthe baseline characteristics of the participants
randomized to the CP and PC arms, combined and separated.
On average, participantswere 29.3 (SD 4.2) yearsold, weighed

100.9 (SD 24.3) kg, and had a mean BMI of 35.3 kg/m? (SD
7.9). Approximately 69.8% (169/242) of these participantswere
female and 37.1% (90/242) were black.

Figure 2 showsthe overall pattern of use of the app components
by 3 engagement measures: percentage of days apps used
including weighing, number of times apps used including
weighing, and percentage of days self-weighed in the 2
intervention arms over time because weighing was used the
most among all app components. Use was highest during month
1 for both CP and PC armsfor all 3 engagement measures. Use
dropped substantially during the subsequent 2 to 3 months for
the percentage of days used app component and the number of
times used app component, and the decrease in use continued
until the end of the study. The percentage of days participants
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self-weighed also decreased steadily after month 1 but not as
dramatically asfor use of the other components.

Table 2 reports the engagement pattern in the 2 intervention
armsduring thefirst 6 months using the 5 engagement measures.
The mean percentage of days any app was used (including
self-weighing) during the first 6 months was higher (mean
74.2%, SD 20.1) for the CP arm than for the PC arm (mean
48.9%, SD 22.4). The CP arm used any app component
(including self-weighing) an average of 5.3 times per day (SD
3.1) during the first 6 months, whereas the PC arm used any
app component an average of 1.7 times per day (SD 1.2).

Similarly, during the first 6 months, the CP arm had a higher
mean percentage of days self-weighed compared with the PC
arm (mean 57.1%, SD 23.7 vs mean 32.9%, SD 23.3). Within
the PC arm, engagement in the face-to-face group coaching
sessions was high during the first 6 months (mean 93.3%, SD

Table 1. Demographics by intervention assignment.

Linetd

15.8), aswas engagement with monthly callsand group sessions
combined (mean 95.2%, SD 9.6).

The pattern of early reduction in engagement is also observed
when we examined the engagement pattern for each of the app
components by intervention arm and over time. Overall, not
counting the use of the CITY home screen component, the CP
arm used the app components about 3.24 timesaday during the
first 6 months, whereas the PC arm used components about 1.08
times aday during the same timeframe (data not shown). Table
3 describesthe median daily mean use of thetop 10 components
by the intervention arm by time. Use for all components was
higher in the CP arm than in the PC arm for every period (1-6
months, 7-12 months, and 13-24 months). The most used app
component was the main CITY home screen (which could be
clicked to launch the rest of the app), implying that the CITY
app was actively installed and functioning.

Demographic variables

Combined (n=242)

Cell phone (n=122) Personal coaching (n=120)

Age (years) at randomization

Mean (SD) 29.3(4.2)

Median (Q12 Q3°)

29.7 (26.3, 32.8)

292 (4.2) 29.4 (4.3)

29.6 (26.6, 32.6) 29.8(26.2, 33.3)

Range 19.2-36.0 19.2-36.0 20.0-36.0
Female, n (%) 169 (69.8) 84 (68.8) 85 (70.8)
Race category, n (%)
White 133 (54.9) 68 (55.7) 65 (54.1)
Black 90(37.1) 42 (34.9) 48 (40.0)
Other 19(7.8) 12 (9.8) 7(5.8)
Hispanic ethnicity, n (%) 16 (6.6) 9(7.3) 7 (5.8)
Education level, n (%)
Some college or less 90 (37.1) 39 (31.9) 51 (42.5)
College degree 152 (62.8) 83 (68.0) 69 (57.5)
Working, n (%) 212 (87.6) 107 (88.4) 105 (87.5)
Weight (kg)
Mean (SD) 100.9 (24.3) 102.4 (25.2) 99.3 (23.4)
Median (Q1, Q3) 96.1 (83.1, 116.0) 97.8(83.7, 120.4) 935 (83.0, 111.5)
Range 62.7-189.2 62.7-177.1 64.1-189.2
Body massindex® (kg/m?)
Mean (SD) 35.3(7.9) 35.7(8.2) 34.9(7.5)
Median (Q1, Q3) 33.1(29.2, 40.8) 33.3(28.9, 41.6) 32.9(29.8, 39.3)
Range 24.9-62.4 25.1-62.4 24.9-58.9

Q1. first quartile.
bQ3: third quartile.

CCalculated as weight in kilograms divided by height in meters squared.

http://mhealth.jmir.org/2018/10/€10471/

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 10 | €10471 | p. 6
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Lineta

Figure 2. Engagement patterns by arms over time: the pattern of percentage of days any app component, including weighing, was used for each arm
over the 24 months, the number of times any app, including weighing, was used, and the percentage of days self-weighing was used. CP: cell phone;
PC: personal coaching.
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Table 2. Engagement during months 1 to 6 for cell phone and persona coaching intervention arms.

Engagement measures Cell phone (n=122) Personal coaching (n=120)
Percentage of days an app component (including self-weighing) was used
Mean (SD) 74.2(20.1) 48.9 (22.4)
Median (Q12 Q3?) 78.2 (65.2, 90.1) 46.7 (29.8, 67.4)
n (range) 114° (16.6-100.0) 110 (7.2-96.7)
Number of times per day an app component (including self-weighing) was used
Mean (SD) 53(3.1) 17(1.2)
Median (Q1, Q3) 48(3.2,6.7) 1.4(0.9,2.2)
n (range) 114 (0.5, 14.7) 110 (0.2, 6.6)
Per centage of days self-weighed
Mean (SD) 57.1(23.7) 32.9(23.3)
Median (Q1, Q3) 55.2 (38.7, 76.2) 25.1(13.8, 53.0)
n (range) 114 (5.0-100.0) 110 (1.7-92.6)
Per centage of group sessions? completed
Mean (SD) N/A® 93.3(15.8)
Median (Q1, Q3) N/A 100.0 (100.0, 100.0)
n (range) N/A 110 (17.0-100.0)
Per centage of group sessions and monthly calls completed
Mean (SD) N/A 95.2 (9.6)
Median (Q1, Q3) N/A 100.0 (91.5, 100.0)
n (range) N/A 110 (46.0-100.0)

8Q1: first quartile.

bQ3: third quartile.

CParticipants who dropped out before 6 months were not included in engagement calculations.
dGroup sessions were only conducted during the first 2 months.

EN/A: not applicable. Data were not available for the arm because the component was not offered.
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Table 3. Median daily mean use of top 10 app components by intervention arm by time.

Personal coaching

Months7-12 Months 13-24 Months1-6 Months7-12 Months 13-24

App component Example of engagement Cell phoneab
Months1-6

cITY® app home screen Activated CITY home 1.06

used screen

Detailed food tracker used  Entered datain detailedfood 0.46
tracker

Self-weighing component  Registered weight in app 0.55

used

Sugar-sweetened beverage  Entered datain SSBY tracker 04

tracker used

Physical activity tracker Entered datain the PA® 0.31

used tracker

Veggie tracker used Entered datain veggie 0.22
tracker

Meat tracker used Entered datain meat tracker 0.2

Goals checked off Checked off apreviously set 0.1
goal

Fruit tracker used Entered dataiin fruit tracker 0.14

“Right now in CITY” Clicked “Right now in 0.04

viewed

CITY” component

0.41 0.16 0.76 0.27 0.13

0.14 0.05 0.35 0.04 0.01

0.43 0.22 0.25 0.12 0.08

0.09 <0.01 0.01 <0.01 <0.01
0.03 <0.01 0.01 <0.01 <0.01
<0.01 <0.01 0.01 <0.01 <0.01
0.01 <0.01 <0.01 <0.01 <0.01
<0.01 <0.01 <0.01 <0.01 <0.01
0.06 <0.01 0.01 <0.01 <0.01
0.01 <0.01 0.01 <0.01 <0.01

3\leans were computed as the total number of times each participant used a particular app component during the respective period, divided by the

number of days in that period. Then, the median of these means was com
separately.

puted across al participants within cell phone and persona coaching arms

bDatawere arranged in descending order of use according to the month 1-6 data of the cell phone arm.

¢CITY: Cel Phone Intervention For You.
dssB: sugar-sweetened beverage.
PA: physical activity.

The second most used app component was the detailed food
tracker, with a median daily mean use of 0.46 and 0.35 times
per day during the first 6 months in the CP and PC arms,
respectively, which is approximately every 2 to 3 days. The
detailed food tracker use decreased by more than half during
months 7 to 12 and further reduced to about once every 1to 3
months during the last 12 monthsin both arms (months 13-24).
In the CP arm, where participants were prompted daily to
self-weigh, use of the self-wei ghing component was about every
other day during months 1 to 6, which decreased slightly during
months 7 to 12 and further reduced to about once every 4to 5
days during months 13 to 24. For the PC arm participants who
did not receive prompting from the smartphone but were
encouraged by their coach during monthly calls, the
self-weighing component was used about once every 4 days
during months 1 to 6 and dropped to about once every 8 days
during months 7 to 12 and once every 12 days during months
13to 24. The CP participants used other components of the app
every 2 to 20 days during months 1 to 6, and the use reduced
to amost nonefor the rest of the study. These other components
consisted of the sugar-sweetened beverage tracker, physical
activity tracker, veggie tracker, meat tracker, goal setter, fruit
tracker, and a screen with updates titled Right Now in CITY.

Other than the detailed food tracker and self-weighing, the PC
participants rarely used any of the rest of the app components
that were available to them during the entire study.

http://mhealth.jmir.org/2018/10/€10471/

Figure 3illustrates the overall pattern of prompting by selected
app components and the actual median daily mean use (Table
3). During the first 6 months, prompting may have helped
because al components were consistently used initialy.
However, use dropped dramatically for all components, possibly
related to the reduction in prompting, except for weighing,
which was prompted daily until the end of the study. Even
though the detailed food tracker was also prompted somewhat
regularly through the end of the study, it was prompted less
frequently than the weight tracker and use continued to drop
after the first 6 months.

Table 4 examines the association between the weight change
category by intervention arm across the 3 periods (months 1-6,
7-12, and 13-24) and the 5 measures of engagement: mean
percentage of daysany app wasused (including self-weighing),
the mean number of times an app component was used per day
(including self-weighing), the mean percentage of days
participants self-weighed, the mean completion rate of group
sessionsfor the PC arm, and the mean compl etion rate of group
sessions and monthly calls combined for the PC arm. For each
of the 3 periods, weight change was grouped into the same 4
categories mentioned earlier: gained (+2%), stable (+2%), mild
loss (lost >2% to <5%), and greater loss (lost 25%). During the
first 6 months, engagement was associated with weight change
category when assessed asthe mean percentage of daysany app
component was used, the mean number of times any app
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component was used per day, or the mean percentage of days
self-weighed. These associations persisted until months 7 to 12
for the PC arm. Furthermore, for this arm, the completion of
group sessions and group session plus monthly calls combined
were not associated with weight change categories. Similarly,
when the association between the engagement measures and
percentage change in weight change was examined using
Pearson correlation coefficients for each period, increased
engagement was associated with weight loss (last column in
Table 4). The mean percentage of the days any app component
was used (CP: r=-.213, PC: r=-.319), the mean number of

Linetd

times app was used per day (CP: r=-.264, PC: r=-.308), or the
mean percentage of days participants self-weighed (CP: r=—.297,
PC: r=-.354) were each correlated with weight change during
the first 6 months.

We also examined selected baseline characteristics of mean
number of times the app was used per day during the first 6
months in CP and PC arms separately, across the 4 quartiles.
None of the characteristics examined appeared to be related to
the varying engagement patterns of the participants (see
Multimedia Appendices 2 and 3).

Figure 3. Overall pattern of prompting and actual use of selected app components within the cell phone arm.
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Table 4. Five measures of engagement over time (months 1-6, 7-12, and 13-24) by weight change category for cell phone and personal coaching

intervention arms.

Linetd

Engagement measures  Weight change categories Pvaue® P
andtime Gained >2% Gained <2%or lost <2%  Lost 22% to <5% Lost 25%
n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
Per centage of days apps used®
1-6 months
cP 31 74.4(17.0) 41 685(21.3) 20  75.4(236) 22 834(155) 04 -213
pC® 16 40.2(23.0) 39  424(225) 29  525(19.6) 26 59.9(20.4) .004 -.319
7-12 months
CP 24 522(236) 46  59.2(24.3) 24 56.0(24.9) 11 60.6(3L5) 68 .004
PC 27 24.3(19.9) 44 31.8(23.8) 21 44.2(26.4) 13 27.7(13.0) .02 -124
13-24 months
cP 30 287(24.7) 43 409(25.4) 13 342(214) 10 43.3(205) 15 -127
PC 43 220(21.2) 32 19.0(188) 15 19.7(20.7) 8 24.8 (19.6) 86 058
Number of app uses per day®
1-6 months
cp 31  50(25) 41 43(25) 20 6.4(3.8) 22  6.8(35) .006 -.264
PC 16  1.2(1.0) 39 1.3(09) 29 19(L4) 26 23(L3) .001 -.308
7-12 months
CP 24 17(15) 46  18(L1) 24 17(L3) 1 22(18) 70 -.035
PC 27 05(05) 44 08(0.9) 21 13(12) 13 06(0.3) .02 -.109
13-24 months
cp 30 06(0.6) 43 0.7(06) 13 0.6(04) 10 08(04) 56 -.053
PC 43 05(0.6) 32 04(05) 15  05(0.5) 8 0.5(0.4) 96 042
Per centage of days weighed self
1-6 months
cp 31 521(224) 41 51.9(23.9) 20  60.8(25.6) 22 70.2(18.8) 01 -.297
PC 16 24.2(19.2) 39  26.3(22.6) 29  354(2L3) 26 45.4(24.0) .003 -.354
7-12 months
CP 24 40.8(25.6) 46 506 (24.1) 24 488(27.0) 11 525(34.0) 46 -.031
PC 27 14.2(186) 44 203(20.2) 21 307(26.0) 13 17.6(125) .05 -.139
13-24 months
cp 30 24.4(25.2) 43 36.3(25.8) 13 28.3(2L8) 10  365(20.6) 20 -.109
PC 43 16.4 (19.8) 32 13.0(16.2) 15 14.3(17.8) 8 20.3(15.9) .73 .066
Per centage of group sessiond attended
1-6 months
PC 16  87.5(22.3) 39  92.3(17.8) 29  965(8.2) 26 94.8(14.1) 29 -.194
Per centage of group sessions’ and monthly calls attended
1-6 months
PC 16 90.6 (14.0) 39 942(102) 29  97.4(5.6) 26 96.9(7.8) .09 -.246
7-12 months
PC 27 98.7(45) 4 909(21.7) 21 95.2(16.0) 13 100.0(0.0) 13 -.066
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Engagement measures  Weight change categories Pvaue® rP
andtime Gained >2% Gained <2% or lost <2%  Lost 2% to <5% Lost 5%
n Mean (SD) n Mean (SD) n Mean (SD) n Mean (SD)
13-24 months
PC 43 89.6 (18.8) 32 89.8 (18.5) 15 92.9(15.2) 8 88.6 (18.2) .92 .019

8 value for the one-way analysis of variance (ANOVA) test comparing mean engagement measures across weight change categories.

PPearson correlation coefficient for mesasuring linear association between engagement and percentage change in weight over time (where weight loss
isindicated by a percentage change less than zero; a negative correlation indicates a positive association between increased engagement and weight

loss).

%Includes self-weighing.

dep: cll phone.

€PC: personal coaching.

fGroup sessions only occur in the first 2 months.

Discussion

Principal Findings

Our results demonstrate that engagement in mHealth delivery
of a behavioral weight loss intervention was associated with
weight loss. Our findings suggest that the more the participants
used the smartphone app or self-weighed, the more weight loss
was observed during the first 6 months of the study for both
intervention arms. This association continued to be true for the
PC arm into months 7 to 12, but not for the CP arm. Despite
the fundamental differences in the time and effort needed in
using various components of the smartphone app or in
completing personal contacts (ie, group sessions and monthly
cals), the finding is consistent—engagement with the
intervention is associated with weight loss. It is unclear,
however, what level of engagement is required for effective
weight loss, and if adifferent level of engagement is effective
for weight loss maintenance.

Comparisons With Prior Studies

Our findings are consistent with previous research showing that
greater engagement with an intervention was associated with
greater weight loss, even with different types of engagement
measures [17-19]. For example, in a weight loss clinical trial
testing the use of interactive voice response (1VR) technology
for self-monitoring, 91 participants were randomized to either
control or VR for 12 months[18]. Completion of thelVR calls
was significantly correlated with weight loss. Two other studies
also found that more daily weighing was associated with greater
weight loss during a 6-month intervention [20] or during the
first 6 months of an 18-month intervention [21]. In the CITY
study, among all components of the smartphone app, a greater
percentage of the days participants weighed themselves was
independently correlated with greater weight lossin both arms.
Other research has aso shown that weight |oss was associated
with greater engagement with participant self-weighing
[17,20,22,23]. A 6-month intervention showed that participants
intheintervention arm self-weighed more days per week (mean
6.1, SD 1.1) than controls (mean 1.1, SD 1.5), and these
participantslost significantly moreweight than controls (—6.55%
vs —0.35%) [21]. Another 6-month randomized study of 101
participants al so showed that weekly self-weighing significantly

http://mhealth.jmir.org/2018/10/€10471/

impacted weight change [24]. These findings demonstrate that
mHealth can use behavior change techniques such as
self-monitoring effectively for weight loss intervention, with
sufficient engagement.

Unlike self-weighing, other components of self-monitoring
components such as dietary tracking were only used during the
first month and almost never used beyond the first month. This
low engagement in dietary tracking may result from low
motivation [25,26] or dissatisfaction with the study app;
however, we are not able to distinguish the causes. In a study
examining differences in dietary intake between participants
randomly assigned to monitor their diet viaahandheld electronic
device or paper journal, no differences were seen between the
arms in weight loss, energy intake, or percentage of energy
(kcal) from fat [27]. The study showed that adherence to
self-monitoring of dietary intake is important for weight loss
across severa methods of self-monitoring. However, participants
using a mobile device recorded twice as many days per week
of the self-monitoring diet as those using a paper method [27],
and providing feedback was associated with a greater use of
self-monitoring. Even though the CITY app included limited
feedback within the diet-tracking component, it is unclear how
this aspect of the design affected the engagement. Neverthel ess,
in the aforementioned study, self-monitoring in al 3 groups
declined over time, so that by 6 months, only 7 participants
(16% of the group) in the smartphone device group continued
to record their dietary intake every day (no participantsin the
diary and Web group had done this) [27]. Thus, long-term
adherenceis challenging even with early engagement. Tailoring
self-monitoring methods that meet users needs and
circumstances and provide individualized feedback may be
helpful in increasing engagement. In addition, future research
isneeded to devel op effective diet tracking strategiesthat require
minimal effort and time, similar to the ease of self-weighing
via the Bluetooth scale. Although still in its infancy,
technologies including object recognition and voice activation
are being actively researched for diet tracking purposes and
have the potential to become effective and streamlined strategies.

Indeed, ours and other studies have shown that the engagement
dropped drastically, even after the first month, and declined
continuously over time [19,28-30]. In a study testing
self-monitoring strategies delivered via either IVR or the Web
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among 180 participants, self-monitoring declined in both
modalities over the 24 months of intervention [19]. The decline
in long-term engagement may explain, at least partially, why
self-weighing was significantly associated with weight change
during the first 6 months for both CP and PC arms, and during
months 7 to 12 for PC arm only. In an 18-month weight loss
study [21], participants were advised to weigh every other day
or at least 3 days a week. Adherence to self-weighing only
affected weight change during thefirst 6 months, but not during
theremaining 12 months. It ispossible that the lack of continued
impact of self-weighing on weight change may be due to the
decline in self-weighing and/or due to the fact that some
participants entered into maintenance mode and, thus, used
self-monitoring for adifferent purpose than during active weight
lossphase. Asthe CITY intervention protocol did not distinguish
between initiation and maintenance of weight loss, some
participants may weigh less after the first 6 months because
they were not actively trying to lose weight but primarily desired
maintenance. The switch from an active weight loss mode to a
maintenance mode may aso explain the substantial drop in
percentage of daysthe app wasused in the PC arm from months
0to 6 to months 7 to 12 among those who lost the most weight
(=5%). This observation was also similar for the self-weighing
pattern. This drop in engagement may have contributed to the
relapse in weight loss, but this needs to be verified in future
studies.

Ina12-month behavioral weight loss study, the self-monitoring
pattern of 148 participants also varied and declined over time
[30]. Indeed, it may be unrealistic to expect that engagement
with any intervention will persist long term. Similar to the
3-stage model used in the medical adherence research (initiation,
implementation, and persistence) [31], different strategies may
be needed to address engagement needs during different periods
of an intervention. Future research should design and test
specific strategies to promote and maintain engagement for
different stages of intervention, because different types of
intervention may require different types of engagement and
prompting. Future research should al so investigate the effective
dose of engagement because there may be a threshold effect.
Effective engagement during each app use may be more
important than simply more app use [32]. Identifying other
factorsthat contribute to behavior change isimportant because
engagement itself may not be sufficient.

Although traditional personal contact has been perceived asthe
ideal mode of intervention delivery, in this study, completion
of the group sessions alone or combined with monthly callsin
the PC arm was not significantly associated with weight change.
However, engagement as assessed by overal app use or
self-weighing was significantly associated with weight loss,
even for the PC arm that received regular and sustained personal
support. This finding suggests that mHealth for behavioral
interventions could supplement and even enhanceinterventions
based on personal contact, even in the setting of a reduced
engagement pattern. Combining mHealth intervention with
human support may be more efficient than using either of them
alone. This is consistent with a recent study that randomized
102 participants into 3 weight loss intervention arms versus
control for 12 weeks: a personal contact arm, an mHealth
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app-only arm, and a combined arm with personal contact and
an mHeath app. The authors reported that the combined
personal contact and mHealth app arm was as effective as the
personal contact arm and tended to be more effective than the
mHealth app arm [33]. Thus, future research should explore
novel combination of effective components of conventional and
mHealth strategies.

Our data suggest that prompting may be helpful to generate
engagement to some degree because the CP arm that received
prompting regularly used the smartphone app components more
than the PC arm did across all measures of engagement. A
meta-analysis of 14 studies with varying designs showed that
technology-based prompting had a small to moderate effect on
engagement as compared with no-strategy [34]. Participants
who received the promptings were significantly more likely to
engage with the intervention (relative risk 1.27, 95% CI
1.01-1.60). However, our results suggest that prompting may
be helpful only initially, losing impact over time. We specul ate
that excessive prompting may promote habituation, resulting
in reduced use and decreased compliance. The tradeoff is that
increased audio, vibration, and visual prompting that interrupts
and distracts the user from the current task almost certainly
leads to increased user burden and resistance, which would
likely reduce acceptability and use of the app and, subsequently,
long-term engagement. Habituation may also play a role in
interpreting why participants may ignore prompting over time,
thusreducing itsimpact. Future studies are needed to understand
how to design smartphone interventions that balance intensity
and timing of prompting with stimulation of engagement to
maximize utility and minimize burden. Unfortunately, our study
was not able to distinguish the difference between the true
impact of individual motivation and that of prompting on
engagement. Future studies should also examine the impact of
different types of prompting on responses and engagement. In
this study, we only emphasized regular prompting for weighing;
it is possible that consistent prompting of other behavioral
change strategies such as physical activity tracking may also
yield encouraging engagement patterns that can potentially
contribute to effective weight management.

Strengthsand Limitations

Thisstudy has several strengths. The engagement datareported
here were collected objectively with a smartphone app, and the
main outcome of weight was reliably measured at each of the
study visits in the clinic and does not rely on self-reporting.
Furthermore, this study generated a relatively large amount of
engagement data of young adults (n=242) for an extended period
(24 months). Ancther strength of this study is the ability to
collect engagement data with each of the cell phone app’'s
components and with the personal interactions, wherethedesign
of theintervention componentswas based on behavioral theories
and prior research evidence.

The study has several limitations that must be considered when
interpreting data. Regardless of thereason for joining the CITY
study, the varying motivation for weight loss among the
participants may have contributed to the varying level of
engagement in the intervention arms. Increasing motivation
may increase engagement and subsequent weight loss; however,
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identifying effective level of engagement may al so beimportant
for all weight loss studies and programs. Another weakness of
the study isthat limited study resources prevented devel opment
of anintervention app as attractive, polished, and robust as some
commercia apps, which could have an impact on engagement.
Unfortunately, it was beyond the scope of this study to tease
apart whether the reduction in engagement over time may have
been dueto lack of motivation or challengeswith the app design
and other technical reasons. Our study compensation for
smartphone data coverage, which was offered to both the PC
and CP arms, may have incentivized participants to stay in the
study but would not contribute to the differencesin engagement
between the 2 arms. This compensation would not be available
to app usersif the app were widely deployed. Our compensation,
however, did not require any substantial level of engagement
or use of app components, and so, participants with low
motivation who may have otherwise dropped out of the study
may have continued until the end. The overall engagement was
lower than expected and desired, but the pattern was consi stent
with other studies. Messages and tips to encourage healthy
lifestyle and weight loss management were delivered through
the app home screen, but the smartphone’s operating system
prevented the measurement of whether participants covered
them up with other app icons or even turned off the messages
altogether; this behavior would affect engagement. Thefact that
engagement dropped substantially early suggests that a more
effective intervention that automatically adapts to behavior and
self-measured engagement, such as using just-in-time adaptive
design, may be needed [35,36]. Another limitation of the study
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is that participants’ perception of the intervention, which may
affect the effectiveness of the intervention, was not included in
this assessment. It should aso be noted that there is room for
optimizing the intervention content that may contribute to a
more effective intervention, which may or may not be associated
with engagement. For example, optimizing the intervention
content may include using a lower carb diet approach instead
of alower fat approach or incorporating atime-restricted eating
approach. Future studies should consider not only effective
behavioral strategies but also combining those with additional
evidence-based dietary and lifestyle approachesfor weight loss.

Conclusions

In this study, engagement assessed using different measures
was associated with weight loss. Nevertheless, engagement
declined over time at varying rates for different intervention
engagement components. This study suggests that a variety of
strategies may be needed during different stages of an
intervention to increase and sustain engagement required for
intervention effectiveness. Self-weighing was associated with
weight loss regardless of the basdline characteristics of the
participants, suggesting that an effective weight loss program
may not need to include multiple behaviord strategies. Focusing
on a single effective strategy in conjunction with prompting
may be better than offering more components that most
participants may not use. Future studies should clarify the
definition of effective engagement. In addition, future studies
should explore the motivations for participant engagement and
nonengagement to design effective strategies for addressing
those specific challenges.
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Multimedia Appendix 4
CONSORT - EHEALTH checklist (V 1.6.1).

[PDE File (Adobe PDF File), 752K B-Multimedia Appendix 4]
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Abbreviations

ANOVA: analysis of variance

BMI: body massindex

CITY: Cell Phone Intervention For You

CP: céll phone

IVR: interactive voice response

mHealth: mobile health

NHLBI: Nationa Heart Lung and Blood I nstitute
PC: personal coaching
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