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Abstract

Background: Thereis large variance in weight loss outcomes of digital behavior change interventions (DBCIs). It has been
suggested that different patterns of engagement in the program could be responsible for this variance in outcomes. Previous
studies have found that the amount of engagement on DBCI's, such as the number of meals logged or articles read, is positively
associated with weight loss.

Objective: Thisretrospective study extends previous research by observing how important weight loss outcomes (high weight
loss: 10% or greater body weight loss; moderate weight | oss: between 5% to 10%; stable weight: O plus or minus 1%) are associated
with engagement on a publicly available mobile DBCI (Noom) from 9 to 52 weeks.

Methods. Engagement and weight datafor eligible participants (N=11,252) were extracted from the Noom database. Engagement
measures included the number of articlesread, mealslogged, steps recorded, messages to coach, exercise logged, weigh-ins, and
days with 1 meal logged per week. Weight was self-reported on the program. Multiple linear regressions examined how weight
loss outcome (moderate and high vs stable) was associated with each engagement measure across 3 study time periods. 9-16
weeks, 17-32 weeks, and 33-52 weeks.

Results: At 9-16 weeks, among the 11,252 participants, 2594 (23.05%) had stable weight, 6440 (57.23%) had moderate weight
loss, and 2218 (19.71%) had high weight loss. By 33-52 weeks, 525 (18.21%) had stable weight, 1214 (42.11%) had moderate
weight loss, and 1144 (39.68%) had high weight loss. Regression results showed that moderate weight loss and high weight loss
outcomes were associated with all engagement measures to a significantly greater degree than was stable weight (all P values
<.001). These differences held across all time periods with the exception of exercise for the moderate weight loss category at 1
time period of 33-52 weeks. Exercise logging increased from 9 to 52 weeks regardless of the weight |oss group.

Conclusions: Our results suggest that these clinically important weight 1oss outcomes are rel ated to the number of articles read,
meals logged, steps recorded, messages to coach, exercise logged, weigh-ins, and days with 1 meal logged per week both in the
short-term and long-term (ie, 1 year) on Noom. This provides valuable data on engagement patterns over time on a self-directed
mobile DBCI, can help inform how interventions tailor recommendations for engagement depending on how much weight
individuals have lost, and raisesimportant questions for future research on engagement in DBCls.
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Introduction

Engagement and Digital Behavior Change
I nterventions

Obesity and its potential comorbidities are a significant and
increasing public health burden, with an estimated global cost
of US$2 trillion per year due to economic loss of productivity
and direct medical expenses stemming from weight-related
issues [1]. Traditional dietary approaches to treat obese and
overweight status have known shortcomings, calling for
innovative solutions that involve behavioral management [2,3].
Digital behavior change interventions (DBCIs) such as mobile
programs use technology to enhance availability and
convenience compared to traditional in-person interventions,
and these programs are growing in number [4-6]. These digital
interventions are effective for weight loss and chronic disease
prevention and management [7-10].

Body weight loss of 5%-10% is associated with improved risk
of metabolic and cardiovascular conditions, and 10% or more
loss is associated with even greater improvement [11].
Therefore, body weight loss of at least 5% is regarded as a
clinically meaningful outcome [12]. However, there is wide
variability in weight loss outcomes even when individuals use
the same program [13,14]. It has been suggested that this
variability could be due to differences in engagement with the
program [15]. Engagement has been defined as “the extent (eg,
amount, frequency, duration, depth) of usage” of the program
[16]. Common measures of engagement include the amount of
time spent on the platform, the number of times an individual
has used a program feature such as weight or food logging, and
the number of articles read [15].

Previous Work on Engagement

Previous work has found positive associations between
engagement and weight loss outcomes [10,17-22]. In a digital
commercia program, the number of weigh-ins per week, steps
per day, active minutes per week, dayslogging meals per week,
and the percentage of weeks with 5 or more meal logs were
associated with weight loss at 6 months[19]. In the same study,
weighing in at least 3 times aweek, achieving 60 highly active
minutes per week, and logging meals 3 times per week were
associated with 5% or more body weight loss [19]. In our
previouswork on Noom, acommercia mobile DBCI, wefound
that the number of meal logs and group posts were associated
with greater weight loss at 65 weeks, and the number of
messages sent to the coach, exercises logged, and articles read
were associ ated with weight gain [20]. We also previoudly found
that the number of meal logs and weigh-ins were associated
with weight loss at 6 months on Noom [10].

This Study

We extend this body of work in this retrospective study by
examining how specific weight loss outcomes of interest are
associated with engagement using alarge sample and multiple
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time points. Multiple time points allow for the investigation of
whether associations change over time, which is important
because it is well established that engagement declines over
time[23]. Thisstudy will allow for better understanding of how
individuals who lost certain amounts of weight engaged in the
program, which can inform future attempts to encourage
engagement in specific and tailored ways based on current
weight and goal weight loss. Specifically, we explored
associations between weight loss outcomes of clinical
importance (5%-10%, 10% and more, and stable weight) and
various measures of engagement (the number of articles read,
meals logged, steps recorded, messages to coach, exercise
logged, weigh-ins, and dayswith 1 meal logged per week) from
9 to 52 weeks on Noom. Based on past work, it was
hypothesized that associations between weight 1oss outcomes
and the number of meal logs and weigh-ins would be stronger
for moderate (5%-10%) or higher amounts of weight loss (10%
or more) compared to stable weight loss outcomes [10,19,20],
but it was unclear if that would be the case for all engagement
measures because of mixed prior results [18]. We aso
hypothesized that the difference in engagement between these
weight loss groups would hold over time [18].

Methods

Intervention

Noom is a behavior change and weight management mobile
health intervention that provides users with self-monitoring
features for food, exercise, and weight monitoring, as well as
access to a virtual 1:1 behavior change coach, support group
facilitated by ahealth coach, and adaily curriculum that includes
diet, exercise, and psychoeducation. Noom's theoretical
foundation stems from cognitive behavioral therapy; third wave
cognitive behavioral therapy, such as dialectica behavioral
therapy and motivational interviewing techniques; and behavior
change techniques, such as self-monitoring and social support
[24-27].

Participants

Retrospective cohort datawere extracted directly from Noom’s
(Noom Inc) database in December 2019 and deidentified.
Participants had all voluntarily signed up for the Noom Healthy
Weight program online or through the app store (iTunes or
Google Play). This study was approved by the Advarra Inc
Ingtitutional Review Board (Columbia, Maryland). As part of
the approved protocol, at initial sign-up, all users were given
an opportunity to consent to the use of all of their program data
for research, and all users were given the opportunity to opt out
and deny consent.

To be included in this study, individuals were required to be
Noom usersin the Healthy Weight program for up to 52 weeks
beginning on December 1, 2018; had provided baseline weight,
age, gender, and height; were 18 years or older; and fell into
one of the 3 weight loss outcome categories used in the study.
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A length of 52 weekswas chosen to be ableto explorelong-term
weight loss and engagement [28]. Additionally, participants
had to open the mobile health platform at least once after week
8to beincluded in the study asaminimum threshold of activity.
Week 8 was chosen because this would represent activity from
week 9 onwards, which is when the first study time period
began.

All participants were placed into 1 of 3 weight outcome
categories based on their weight change from baseline: stable
weight (0% plus or minus 1%), moderate weight loss (between
5% and 10%), and high weight loss (lost 10% or more body
weight). These categoriesrepresent clinically meaningful weight
loss outcomes, and | abel swere chosen following previouswork
[29,30].

The following time periods were chosen for analysis: 9-16
weeks, 17-32 weeks, and 33-52 weeks. The initial time period
was chosen based on program length (16 weeks), and the starting
point was set to halfway through the program (9 weeks) to
prevent bias from early fluctuations in motivation or weight.
The final time period (52 weeks) was designated based on
previouswork [31], and the middle time period (32 weeks) was
chosen to represent an intermediate interval between theinitial
and final time periods. To be included at later time periods,
participants had to fall into 1 weight change category and have
opened the platform at least once during week 16 to be analyzed
at weeks 17 to 32, and have opened the platform at least once
in week 32 in order to be analyzed in weeks 33 to 52.

M easures

Weight, as well as baseline characteristics of gender, age, and
height were self-reported by the users through the mobile
interface.

Thefollowing engagement measureswere used: number of days
with at least 1 meal logged per week—a measure calculated
based on participants weekly self-reported food logs; number
of articles read per week; number of meal logs per week—the
number of meals participants logged in the platform per week;
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number of coach messages per week—the number of times
participants messaged their coach per week; count of steps per
week—the number of steps taken per week, either recorded by
the participant’s in-phone pedometer or supplemented by
self-report in the platform; count of weigh-ins per week—the
number of times participants self-reported their weight in the
platform per week; and count of exercises per week—the
number of times participants self-reported exercising in the
platform per week. These engagement measures
comprehensively included the possible ways users could actively
participate on the platform.

No engagement measures were required as part of the
intervention. The curriculum content (articles) functioned on a
fixed schedule where partici pants were shown potential articles
to read containing nutrition education, psychoeducation, and
motivational information each day. They were encouraged at
the beginning of the program to read these articles as part of a
daily task list. Participants were also encouraged to perform
weight logging at least once aweek and to log all of their meals
daily. Participants had the option of setting up push notifications
to remind them to log their meals at certain times. Using this
optional reminder system was not tracked as an engagement
measure. Coaches were instructed to reply to user messages
within 24 hours of receiving them, and, if the participant did
not send the coach a message in 7 days, the coach would reach
out with a weekly check-in to invite discussion over the
participant’s progress. Participants engagement with coach
messaging was cal culated based on messagesthat they sent, not
messages received.

Statistical Analysis

Descriptive statistics were calculated for users’ baseline
characteristicsand are expressed in mean and SD for continuous
variables and frequency and percentage for categorical variables
(Table 1). These characteristics were self-reported, including
users weights, which were measured by the users with their
own scales.
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Table 1. Demographic characteristics for weight change groups across study periods.
Characteristic Weight change groups P value
Stable (0 plus or minus1%) Moderate loss (between 5%-10%) High loss (10% or greater)
Age (years), mean (SD)
9-16 weeks 47.70 (12.27) 49.93 (12.59) 49.67 (12.4) <.001
17-32 weeks 47.89 (12.16) 50.37 (12.51) 50.51 (12.33) <.001
33-52 weeks 49.45 (11.71) 5157 (12.32) 51.8 (12.18) <.001
Gender, n/N (%)
9-16 weeks 235/2594 (9.1) 738/6440 (11.5) 347/2218 (15.6) <.001
17-32 weeks 166/1907 (8.7) 447/4369 (10.2) 356/2686 (13.2) <.001
33-52 weeks 67/525 (12.8) 131/1214 (10.8) 126/1144 (11.0) 47
Baseline BMI, mean (SD)
9-16 weeks 26.80 (5.58) 26.57 (5.5) 27.19 (5.24) <.001
17-32 weeks 26.97 (5.78) 26.73 (5.52) 27.43 (5.45) <.001
33-52 weeks 27.10 (5.8) 27.38 (5.34) 28.11 (5.43) .001

Overall Engagement by Weight Loss Group

Multivariate analysis of variance (MANOVA) was used to
examineif overall engagement significantly differed acrossthe
3 weight loss groups for each time period. Assumptions for
MANOVA were checked and met.

I ndividual Engagement Measuresby Weight Loss Group

Multiplelinear regressions predicted the engagement associated
with each weight outcome of interest. Regressions were
conducted with overall mean weekly engagement (per time
period) of each engagement measure as separate dependent
variablesin individua regression analyses and the weight loss
category as the independent variable, with controlling for
baseline characteristics of age, gender, and BMI. Self-reported
engagement data were excluded from the overall mean
calculation if missing datawere found in any week during each
time period, asit would unclear if the missing dataindicated a
lack of engagement or a lack of reporting. For automatically
recorded measures (eg, steps), any missingness in data during
atime point was kept in the total mean calculation, asthisisan
indicator of lack of engagement. Assumptions for linear
regression were checked and met.

All statistical tests were 2-sided with significance set at a P
value <.05 and were conducted through R version 3.6.0 (The
R Foundation for Statistical Computing).

Results

Baseline Characteristics

Of the 11,252 participants observed at 9-16 weeks, 23.05%
(n=2594) of participants were in the stable weight category,
57.23% (n=6440) were in the moderate weight loss category,
and 19.71% (n=2218) were in the high weight loss category.
Of the 8962 participants observed at weeks 17-32, 21.28%
(n=1907) were in the stable weight category, with 48.75%
(n=4369) in the moderate weight loss category and 29.97%
(n=2686) in the high weight loss category. Finally, by 33-52
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weeks, 18.21% (525/2883) were in the stable weight category,
with 42.11% (1214/2883) in the moderate weight loss category
and 39.68% (1144/2883) in the high weight |oss category.

Of the participants observed at weeks 9-16, 88.45%
(9952/11,252) were female, with a mean age of 49.43 (SD
12.54) and a mean BMI of 26.75 (SD 5.47). At weeks 17-32
and 33-52, the majority of users observed were female (17-32
weeks: 10036/11,252, 89.19%; 33-52 weeks: 9987/11,252,
88.76%), with a mean age of 49.93 (SD 12.46) during weeks
17-32 and amean age of 51.24 (SD 12.20) during weeks 33-52.
During weeks 9-16, the mean baseline BM| was 26.8 (SD 5.57)
kg/m? for the stable group, 26.57 (SD 5.50) kg/m? for the
moderate loss group, and 27.19 (SD 5.24) kg/m? for the high
loss group. These baseline characteristics are included in Table
1

Significant differences existed between the stable, moderate,
and high weight loss groups during weeks 9-16 regarding age
(F2,11249=30.08; P<.001), gender (x%,=50.78; P<.001), and BMI
(F211249=10.54; P<.001); and during weeks 17-32, age (F, ggs9

=29.06; P<.001), gender (x%=30.69; P<.001), and BMI (F2,8050
=13.73; P<.001). These differences remained significant during
weeks 32-52 for BMI (F; 580 = 8.38; P<.001) and age (F; g0
= 7.37; P<.001), but not for gender (x?, = 1.39; P=50). As a
result, we adjusted these demographic measuresin theregression
analysis. These overall means are described in Table 1.

Overall Engagement by Weight L oss Group

Themultivariate analysis of variancetest resulted in statistically
significant differences in overall engagement among the 3
weight categories for weeks 9-16 (F, 11049 = 197.43; P<.001),
for weeks 17-32 (F, go56=153.50; P<.001), and for weeks 33-52
(F 22880 = 44.26; P<.001). Therefore, we concluded that for each
study time period, engagement as awhole, consisting of mean
days with at least 1 meal logged per week, mean articles read
per week, mean meals logged per week, mean user messages,
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mean steps, mean weigh-ins per week, and mean exercises
logged per week, significantly differed across the 3 weight
categories. Engagement as a whole was highest for the high
weight loss group, followed by the moderate weight loss group,
with the lowest engagement in the stable group. The results of
theMANOVA canbeseenin Table S1in MultimediaAppendix
1

I ndividual Engagement M easures by Weight L oss Group

When examined individually, means of the following
engagement measures decreased over time across all weight
groups: dayswith at least 1 meal logged, articles read, number
of mealslogged, steps, coach messages, and weigh in variables.
Logged exercise did not follow the same pattern, as total mean
logged exercise increased through 52 weeks, regardless of the
total amount of weight lost (see Table S2 in Multimedia
Appendix 1).

Carey et d

The patterns of means suggest that the moderate and high weight
loss groups had greater total engagement within each study time
period across all engagement measures compared to the stable
weight group. To confirm that differences between the weight
loss groups and the stable group were significant and to examine
the relationship between weight loss outcomes and each
engagement measure, individual multiple regressions were
conducted with the stable group as the reference group (see
Table 2). Differences in engagement between the high weight
loss group and moderate |oss group were not examined due to
a lack of a clinically meaningful difference between these 2
groups given that significant health improvements occur when
weight loss exceeds 5% [12,29]. Therefore, we focused our
dtatistical analysis on comparing the high lossgroup to the stable
group and the moderate loss group to the stable group.

Table 2. Multiple regression results for weight change groups in each study period®.

Engagement measures® Time points
9-16 weeks 17-32 weeks 33-52 weeks
Estimate SE Adj CR? Estimate SE Adj R2 Estimate SE Adj R2

Dayswith at least 1 meal logged

Moderate loss 0.20 0.01 N/A 0.25 0.01 N/A 0.24 0.02 N/A

High loss 0.25 0.01 0.05 0.34 0.01 0.08 0.37 0.02 0.12
Articlesread

Moderate loss 0.52 0.03 N/A 0.89 0.05 N/A 0.63 0.07 N/A

High loss 0.68 0.04 0.05 1.20 0.05 0.06 101 0.07 0.05
M eals logged

Moderate loss 5.83 0.15 N/A 525 0.19 N/A 4.58 0.37 N/A

High loss 8.06 0.19 0.16 8.27 0.21 0.20 8.22 0.37 0.17
Coach messages

Moderate loss 0.06 0.01 N/A 0.07 0.01 N/A 0.08 0.01 N/A

High loss 0.09 0.01 0.01 0.10 0.01 0.01 0.12 0.01 0.03
Steps

Moderate loss 4014.04 483.60 N/A 4452.65 579.76 N/A 4535.31 1165.38 N/A

High loss 8806.42 601.71 0.05 9821.59 633.01 0.06 8963.01 1176.49 0.05
Weigh ins

Moderate loss 0.23 0.01 N/A 0.26 0.01 N/A 0.16 0.017 N/A

High loss 0.29 0.01 0.17 0.34 0.01 0.16 0.27 0.017 0.10
Exercises

Moderate loss 0.25 0.07 N/A 0.28 0.08 N/A 0.17 0.16 N/A

High loss 0.51 0.09 0.01 0.77 0.09 0.01 0.87 0.16 0.02

#The stable group was used as the reference group.

bResults are the summary of 7 individual multiple linear regressions. Each engagement measure was a dependent variable of its own regression where
weight change groups, gender, age and baseline BM| were independent variables.

CAdij: adjusted.
dN/A: not applicable.
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When users’ age, gender, and baseline BMI were controlled
for, the moderate and high weight loss groups had significantly
more dayswith at least 1 meal logged (P values<.001), articles
read (P values <.001), meals logged (P values <.001), coach
messages (P values <.001), steps (P values <.001), and weigh
ins (P values <.001) compared to the stable group across all
time points. The moderate and high weight loss groups had
greater mean exercise per week compared to the stable weight
group at 9-16 weeks and 17-32 weeks (P values <.001). For
weeks 33-52, only the high loss group had significantly greater
mean frequency of exercise compared to the stable group (3=.87;
SE=0.16; P<.001).

Discussion

Principal Results

Using a large data set of more than 11,000 individuals, we
sought to extend previous work by evaluating how specific
weight loss outcomes (stable weight, 0% plus or minus 1%;
moderate weight loss, between 5% to 10%; and high weight
loss, 10% or greater) were associated with 7 different
engagement measures across 3 time periods. 9-16 weeks, 17-32
weeks, and 33-52 weeks. Overal, our findings indicate
significant differences in al 7 engagement measures among
those with moderate and high weight loss compared to those
with stable weight. These associations held over time, with the
exception of exercise logging at 33-52 weeks for the moderate
weight loss category.

Comparison With Prior Work

Our findings corroborate past work that found significant
associations between the frequency of food logging and
weigh-insand weight loss outcomes[10,17-22]. Departing from
some past studies, we found that weight loss outcomes were
associated with all engagement measures over all time periods,
with one exception. In contrast, some previouswork hasreported
significant associations between engagement and weight loss
for some, but not al, engagement measures [18,21]. This
discrepancy may be dueto thefact that previous studies explored
the amount of engagement necessary to achieve acertain amount
of weight loss (ie, how engagement is associated with weight
loss), whereas our study is concerned with understanding how
achieving a certain level of weight loss is related to levels of
engagement (ie, how weight lossis associ ated with engagement).
Our findings raise the possibility that individuals who achieve
successful weight outcomes tend to engage comprehensively
in the program because they are generally more motivated,
whereas only certain engagement measures are necessary to
achieve greater weight loss. Future research should explore
within-participant patterns of engagement acrosstime asrelated
to individual differences such as motivation or personality
characteristics.

According to recent conceptual models of engagement, the
content of the intervention (eg, availability of self-monitoring
tools), contextual factors, and psychological characteristicslike
motivation and self-efficacy can influence engagement [16,32].
This study raises additional questions about weight loss
outcomes, which could also influence engagement. It ispossible
that the factors driving individuals to successfully achieve
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certain levels of weight lossinfluence their engagement aswell.
We previously demonstrated that 5% or more weight loss on
Noom was associated with psychosocial characteristics such as
mental health quality of life and perceived work-life balance
[33], and a systematic review reported that weight loss is
associated with the expectations individuals have for their
weight loss [14]. Future research should separate out the
individual components involved in losing certain amounts of
weight loss and investigate how each relates to engagement.

Through the large sample size and year-long time period, this
study provides data of how engagement decreases over time.
In general, the levels of engagement decreased over time for 6
of the 7 engagement measures (with the exception of exercise
logging) within each group regardless of whether they achieved
no loss, moderateloss, or high loss. Thisis consistent with past
work showing declinesin some engagement measures over time
but not for physical activity logging [34]. Future research should
investigate the possibility that sustained exercise habits are
formed on this type of program. We aso found that the
differences between each weight loss category and stable weight
were maintained even as engagement decreased over time. This
aligns with a study showing that associations between
engagement and weight change were consistent from 16 weeks
through 52 weeks[18]. It is necessary for future research to test
whether these results mean that long-term engagement
accurately reveals true patterns of motivation and action, or
whether late engagement isinstead amarker of “ user’s behavior
chang[ing] to an extent that digital engagement with the
intervention is no longer needed” [35], or both.

Along these lines, we found that being in the moderate weight
lossgroup at 33-52 weekswas not associated with the frequency
of exercise logging. There are a few possible reasons for this.
Perhaps as they were initially losing weight, individualsin the
moderate group perceived that their modest weight loss was
primarily due to dietary change rather than exercise, and then
they were less likely to consistently log exercise. A previous
survey study found that 71% of respondents assumed that
exerciseisan effective weight loss strategy, and this assumption
was associated with feeling discouraged with exercise [36].
Alternatively, perhaps moderate weight loss is more associated
with types of logging that require greater effort, such as meal
logging and weight logging that users are encouraged to do
daily, in contrast to exercise logging which only occurs after
individuals have exercised. In our results, the weight loss
category accounted for more of the variation in meal logging
(adjusted R?=0.16) and weight logging (adjusted R*=0.17) than
did other engagement measures (adjusted R?=0.01-0.05).
Similarly, in aprevious study, meal logging and weight logging
predicted changes in weight more than did exercise logging
[37]. Future studies should investigate why and how meal and
weight logging may differ from exercise logging.

Limitations

The study’s strengthsinclude expl oring real-world engagement
in alarge sample on a publicly available mobile DBCI. Some
limitations, however, should be noted. First, a convenience
sample of individuals who had self-selected to sign up for the
Noom Healthy Weight program was used. Thus, findings may

JMIR Mhealth Uhealth 2021 | vol. 9| iss. 11 | €30622 | p. 6
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

not generalize to populations with less motivation to manage
their weight. Given the retrospective design, causal relationships
between participants’ engagement measures and participants
weight loss outcomes cannot be determined. The correlational
nature of analyses also prevents firm conclusions about the
directionality of results. Finally, the users measured and reported
their own weight in the platform, and their loss was cal culated
from these self-reported measures. Home scales may produce
aconsiderable margin of error compared to ones used by health
care professionals. Userswere encouraged to usethe same scale
throughout the program so that their personal loss would be
consistent with their individual scale. They were al so encouraged
to weigh in at the same time every day (ideally in the morning
upon first waking up), but it was not possible to enforce these
recommendations.

Weight loss was calculated based on self-reported weight
measurements by participants, and baseline weight information
was contextualized using BMI. Both measures are limited in a
few ways. First, they do not adjust for the weight fluctuation
that occurs during menstrual cycles or perimenopause and
menopause. They also do not account for muscle mass or bone
density. Individuals may have increased their muscle mass due
to exercise, but this would not be adequately captured by these
metrics. Finally, these measures could be subject to artificial
inflation because of water retention dueto excessive salt intake.
Future studies should use avariety of self-reported and objective
measurements to understand individuals’ weight changes.

Conclusions

This retrospective study explored associations between
important weight loss outcomes and engagement in a mobile
DBCI over 1 year, which could help to inform tailoring
interventions to encourage engagement based on achieved and
goal weight loss outcomes or provide data that can be used to
better understand variance in weight loss outcomes. This study
also provides large-scale data on how individuals engage in a
self-directed mobile DBCI in the short- and long-term. We
found that compared to stable weight, having achieved moderate
weight loss or high weight loss was associated with higher

Carey et d

engagement in the forms of the number of mealslogged, articles
read, steps logged, coach messages, weigh-ins, and days with
at least 1 meal logged from 9 to 52 weeks. This raises the
possibility that individuals who lose moderate or high amounts
of weight actively engagein all possible aspects of the program,
which future research should confirm. The one exception was
that being in the moderate weight loss category at 33-52 weeks
was more associated with exercise logging than was being in
the stable weight category. The consistent associations over
time suggeststhat these differencesin engagement behavior are
stable throughout both short-term and long-term weight loss.
Future research can ascertain to what extent our results are
generalizable to other intervention contexts.

Our results raise new questions for future studies which should
seek to more fully understand the engagement of individuals
who lose significant weight. In this study, participants who
achieved moderate weight loss, on average at 17-32 weeks,
logged 21 meals, read 3 articles, walked 31,600 steps, weighed
in once, exercised 2.5 times within aweek, and messaged their
coach once every 2 weeks. Users who achieved high weight
loss on average logged 24 meals, read 3.4 articles, walked
36,000 steps, weighed in once, exercised 3 timeswithin aweek,
and messaged their coach once every 2 weeks. These overall
means do not take into account variation within users, but future
work should go further to, for instance, define profiles of
engagement based on weight loss outcomes. Thiscould provide
insight into the large variance in weight | oss outcomes observed
in many interventions.

Future work can explore the following questions: what exactly
is responsible for the association between certain weight loss
outcomes and engagement in aweight loss program?1sit seeing
results, personality factors, demographic factors, or past success
or failure with weight loss, or some combination of these?
Would telling someone that x level of engagement isrelated to
X level of loss be enough to change their behavior to better
engage the mobile health intervention? The next steps may
involve exploring other individua or contextual factorsin order
to understand what guides the engagement seen on this DBCI.
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