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Abstract

Background: Effective treatment of obesity in children and adolescents traditionally requires
frequent in-person contact and is often limited by low participant engagement. Mobile health tools
may offer alternative models that enhance participant engagement.

Objectives: To assess child engagement over time with a mobile application-based health coaching
and behavior change program for weight management, and to examine the association between
engagement and change in weight status.

Methods: A retrospective cohort study of user data from Kurbo, a commercial program that
provides weekly individual coaching via video chat and supports self-monitoring of health
behaviors through a mobile application. Study participants included all users of Kurbo between
March 2015 and March 2017, who were 5-18 years old and who were overweight or obese (BMI >
85™ percentile) at baseline. The primary outcome engagementwas defined as the total number of
health coaching sessions received. The secondary outcome was change in weight status, defined as
the change in BMI as a percentage of the 95 BMI percentile (%BMIp95). Analyses of outcome
measures were compared across three initial commitment period groups: 4 weeks, 12-16 weeks, or
24-weeks. Most participants voluntarily chose their commitment period, but a subset were
involuntarily assigned to the 12-16-week group by an employer or health plan. Multivariable linear
regression models were constructed to adjust outcomes for independent variables of sex, age group
(5-11 yrs, 12-14 yrs, 15-18 yrs) and commitment period. A sensitivity analysis was conducted,
excluding participants involuntarily assigned to the 12-16-week group.

Results: 1120 participants were included in analyses. At baseline, participants had a mean age of
12 years (SD 2.5), mean BMI percentile of 96.6 (SD 3.1), and were predominantly female (68%).
Participant distribution across commitment periods was 292 (26.1%) for 4 weeks; 690 (61.6%) for
12-16 weeks; and 138 (12.3%) for 24 weeks. 895 participants (79.9%), remained in the program



for at least the duration of their commitment period. The median coaching sessions (IQR) received
were 8 (3-16) for the 4-week group, 9 (5-12) for the 12-16 week group, and 19 (11-25) for the 24-
week group (p<0.001). Adjusted for sex and age group, participants in the 4 and 12-week groups
participated in -8.03 (95% CI -10.19 to -5.87) and -9.34 (95% CI -11.31 to -7.39) fewer coaching
sessions, compared to those in the 24-week group (p < 0.001). Adjusted for commitment period,
sex and age group the overall mean change in %BMIp95 (95% CI) was -0.21 (-0.25 to -0.17) per
additional coaching session (p < 0.001).

Conclusion: Among overweight and obese children using a mobile application-based health
coaching and behavior change program, increased engagement was associated with longer
voluntary commitment periods, and increased number of coaching sessions was associated with
decreased weight status.

Keywords: Mobile Health; mHealth; Child Obesity; Health Coaching; Self-monitiorng; Behavior
Change; Weight Management

Introduction

Background

One in three children in America is either overweight or obese.[1][2] Obese children and
adolescents are at risk for carrying their excess weight into adulthood and developing multiple
comorbidities including diabetes and coronary disease as adults.[3][4] Clinical management
guidelines and treatment algorithms call for a staged approach to the treatment of overweight
and obese children that aims to promote healthy lifestyle changes through behavioral
counseling.[4][5] Effective behavioral interventions for pediatric obesity involve multiple
components focused on promoting healthy eating and exercise habits.[6] The most effective
interventions involve supporting both children and parents to set goals, incorporate stimulus control,
utilize problem solving, and participate in self-monitoring while working to achieve behavior
changes.[6] The US Preventive Services Task Force (USPSTF) recommends primary providers
to either provide or refer children with obesity to comprehensive intensive behavioral
interventions aimed at decreasing excess weight and improving overall weight status.[6]
However, child participation in comprehensive intensive behavioral interventions and clinical
weight management programs is often low, with considerably high program attrition.[7][8][9]
Common barriers to participation in weight management programs identified by families
include concerns regarding affordability, inflexible scheduling, conflicts with other activities,
time commitment, distance and transportation, and misalignment between expectations and
program services.[8][10][11] Conversely, facilitators of participation for children and families
may include tailored treatment plans and individualized health coaching.[10][11][12] Mobile
health (mHealth) and telehealth technologies may provide a unique opportunity to overcome
barriers to participation in obesity treatment by providing individualized interventions on a
family’s timeline and in their home environments.[13][14][15]

Among obesity treatment trials for adults, mHealth tools appear to successfully assist patients
to manage comorbidities such as diabetes, improve physical activity and dietary behaviors, as
well as achieve meaningful weight loss.[16][17][18][19][20][21][22] Mobile health
interventions in children and adolsecents have been found to be effective at improving health
behaviors and health outcomes across a wide reach of conditions.[23] In obesity treatment
trials for children, the effect of mHealth tools is less clear, as they have been primarily studied
as a component of larger, multi-faceted interventions.[13][15][24][25] Mobile health tools



incorporated into obesity prevention and treatment trials for children vary in their ability to
improve weight outcomes.[15][24][25] However, mobile technology has been shown to be
well accepted, feasible and effective at supporting self-monitoring and promoting changes of
physical activity and dietary behaviors.[13][24][25][26] Overall, however, there is limited
evidence for the efficacy of mHealth interventions as stand-alone treatment modalities for
pediatric obesity and weight management.[13] While there are a number of commercially
available mobile applications (apps) targeting weight related physical activity and dietary
behaviors in children, reviews of commercial apps have found that most lack high quality
information, include only a few behavior change techniques, and are not rooted in evidence-
based behavior change theories.[27][28] As a result, some have suggested the need to
rigourously evaluate commercial and stand-alone mHealth interventions aimed at promoting
health behavior change among overweight or obese children.[13][27][28]

Objectives

In this study, we aimed to assess the engagement of overweight or obese children with a
commercially available mHealth tool (Kurbo), which provides individualized health coaching and
self-monitoring support designed to improve diet and physical activity behaviors. The primary
aim was to describe and compare the engagement of participants with health coaching sessions,
as a condition of their commitment period. The secondary aim was to examine the association
between coaching sessions received and the change in a participant’s weight status over time.
We hypothesized that participants with longer commitment periods would engage in both more
coaching sessions and have a trend toward greater weight loss.

Methods
Design

This was a retrospective cohort study of participants in a commercial, mobile application (mobile
app) based platform and program designed to promote health-behavior change and weight
management through self-monitoring and health coaching support. The research team and
investigators had no role in the development of the mobile app platform or the creation and
delivery of program content.

Program

The Kurbo mobile-app platform (Figure 1) and program was designed to promote behavior
change and encourage healthy lifestyle choices.[29] The program content and health coaching
incorporate multiple behavior change techniques (BCTs), consistent with established taxonomy
for behavior change interventions.[30] The BCTs emphasized in the program are linked to
multiple theoretical frameworks including the theory of reasoned action, theory of planned
behavior, social-cognitive theory, and control theory as well operant conditioning and the
information motivation behavioral skills model.[31] The program design was also informed by a
model of supportive accountability, which emphasizes the essential role of human support in
mhealth interventions.[32] The mobile app and program include two (2) primary components: (1)
self-monitoring of eating and physical activity behaviors through a mobile app interface and (2)
individualized coaching sessions through video chat.

The self-monitoring component of the program employs the BCTs of self-monitoring of
behavior and monitoring of outcomes of behavior.[30] Participants are encouraged to use the
mobile app to log their daily food intake using food categories adapted from the evidence-based



traffic light system.[33][34] The traffic light system categorizes foods into three groups:
unrestricted healthy green light foods, less healthy yellow light foods which should be eaten with
caution, and unhealthy red light foods which should be avoided.[34] The aim of this approach to
eating behaviors is to encourage participants to gradually increase consumption of healthy foods
(green lights) and decrease unhealthy foods (red lights) over time. This approach incorporates
behavior substitution and habit formation.[30] Participants are also asked to self-monitor their
physical activity behavior by logging the duration of activities in the mobile app, while working
towards a goal of 60 minutes of moderate to vigorous physical activity each day.

The individualized coaching sessions component is provided by individuals who are hired and
trained as coaches by Kurbo. Participants are paired with the same coach for the duration of their
participation with the program, which aims to provide social support and accountability.[30][32]
Coaches monitor the participant’s dietary and physical activity behaviors through an online
dashboard, which serves to reinforce self-monitoring and allow for feedback of behavior.[30] Each
coaching session lasts about 15 minutes, and is made available on a weekly basis. Coaching
sessions emphasize review of past behavior and outcome goals as well as support future
outcome and behavior goal setting.[30] Coaches encourage self-talk and identification of
behavioral cues as well as assist with tailored problem solving and action planning.[30] For
example, coaches may discuss environmental cues and identification of triggers to eat red light
foods while supporting goal setting and action planning for choosing more green light foods.
Additional topics addressed during coaching sessions may include understanding food labels and
portion sizes. After each coaching session, participants receive an email from their coach, with
praise for goals met and a tailored plan regarding goals set for the next week. Of note, parents are
strongly encouraged to participate in coaching sessions, however, the program is not prescriptive
regarding parental involvement. Similarly, the program allows for individually tailored coaching
but is not specifically designed to address family dynamics or the age of participant.

In addition to coaching sessions, participants are also able to contact their coach in-between
coaching sessions via SMS, email, or in-app messaging. Independent of the Kurbo mobile app
platform, participants also have access to supplementary resources, including an emailed e-
workbook, bi-weekly email newsletter, physical activity demonstration videos, blog posts and
downloadable healthy-eating cookbooks. These supplementary resources highlight BCTs by
providing instruction on how to perform behaviors, support restructuring of the physical
environment, and allow for social comparison. Lastly, the program also makes use of the BCT of
a behavioral contract.[30]

Participants and Data Source

The study examined a retrospectively identified cohort of participants who initially utilized
the Kurbo mobile app and program between 3/15/2015 and 3/15/2017. Participants were not
recruited for the purpose of conducting the study. De-identified participant data from the
Kurbo data registry were provided to the investigators for the purpose of the study. The
study received an exemption from the Stanford University School of Medicine Institutional
Review Board (IRB). All data were independently reviewed and inspected by the research
team to confirm that the pre-determined inclusion and exclusion criteria were met prior to
analysis.

Inclusion Criteria

The inclusion criteria (Figure 2) applied was participation during a defined two-year period
from 3/15/2015 to 3/15/2017.



Exclusion Criteria

Exclusion criteria (Figure 2) included age less than 5 years old or age greater than or equal to
19 years old upon initial use of the program. Additional exclusion criteria included a normal
weight status (BMI < 85" percentile) at baseline as well as any data measurement errors
including missing baseline height, missing baseline weight, or any height velocity
measurements exceeding 15 cm increase or 5 cm decrease (based on established height
velocity reference values).[35]

Commitment Periods

Study participants were voluntarily subscribed or assigned to one of three commitment
periods: 4 weeks, 12-16 weeks, or 24 weeks. Each participant was supported by either an
employer-benefited plan, a health-insurer benefited plan or a self-paid plan. The cost of the
program is covered by either the parent (self pay), a parent’s employer or a family health-insurance
plan. “Self-pay” rates are dependent on commitment period. Participants in self-paid plans
voluntarily chose from one of three commitment periods: 4 weeks, 12 weeks, or 24 weeks.
Those in employer or health-insurer benefited plans were contractually assigned to one of two
commitment periods: 12 weeks or 16-weeks. Of note, there were only 16 participants in the 16
week commitment period, and for analytic purposes these participants were combined with the
12-week period to form a 12-16 week commitment period group. All participants had the ability
to renew or change their plan at the end of the initial commitment period; however, data regarding
renewals or changes were not available for analysis.

Measures

Baseline Characteristics

Participant demographic characteristics were limited to self-reported age and sex provided by
either child or parent. Age in years at baseline was used to create four distinct age group categories.
The age group categories were defined as 5-11, 12-14, and 15-18 years old. These age groups were
informed by commonly reported groupings from population prevalence and large intervention
studies.[2][36] The data registry objectively captured the payment source used for the program.
Socioeconomic data such as race, ethnicity, family income, or education were not reported.

Self-reported baseline weight and height measurements were combined with age and sex, to
calculate and derive the corresponding age and sex-specific body mass index (BMI), BMI
percentiles, and BMI expressed as a percentage of the 95" BMI percentile (%BMIp95) at
baseline. This was accomplished using SAS code developed by the Centers for Disease Control
and Prevention (CDC) for this purpose. All participants’ baseline weight was categorized
according to CDC criteria based on age and sex-specific BMI percentile thresholds for children
and adolescents. According to this criteria, weight status was defined as either overweight (>
85" to < 95" BMI percentile) or obese (> 95" BMI percentile). Obese participants were also
categorized according to %BMIp95, a measurement of relative BMI which is recommended
by the CDC for children and adolescents with severe obesity.[38] This recommendation is
based on analyses which have shown BMIz scores to be poorly reflective of adiposity in youth
with very high BMI measures and severe obesity. The measure of %BMIp95 is a more reliable
measure of adiposity among obese youth and recommended for studies with a significant
proportion of severely obese (%BMIp95 > 120) children or adolescents.[37] Obese
participants were additionally categorized according to three distinct classes of obesity, i.e.,
Class I-III obesity, which are reflective of cardiometabolic risk and commonly used in obesity



prevalence studies.[2][4][39]Class I is defined as > 95th BMI percentile; Class II corresponds with
%BMIp95 >120 to <140% or BMI >35, whichever is lower; and Class III applies to %BMIp95
>140 or BMI >40, whichever is lower.

Primary Outcome: Participant Engagement

The primary outcome and measure of participant engagement was coaching sessions, defined as
the total cumulative number of individual coaching sessions received by a participant during
the participation period.

Other measures of participant engagement included participation period, program retention,
coaching messages, dietary events and physical-activity events. Participation period was defined
as the total number of weeks between when the participant signed up for the program and the last
recorded interaction with the app. The last recorded interaction with the app included logging
of dietary or physical activity, in-app text message(s) sent to a health coach, or a coaching
session. Program retention was defined as having a total participation period that was greater
or equal to the intended commitment period in weeks. Coaching messages was defined as the
cumulative total number of individual in-app text messages sent by each participant to his/her
assigned health coach during the participation period. Dietary events was defined as the
cumulative total number of self-reported individual foods logged by a given participant.
Physical activity events was defined as the cumulative total number of self-reported individual
physical activities logged by each participant during the participation period. The data registry
did not capture whether dietary or physical activity events were self-reported by the participant
or a parent.

Secondary Outcome: Change in Weight Status

A secondary outcome of the study was change in participant’s weight status, defined as the
change in %BMIp95 between the self-reported baseline and endpoint measurements recorded
during the participation period. The baseline measurement of %BMIp95 was derived from the
participant’s initial self-reported weight and height measurement entered into the mobile app.
The endpoint measurement of %BMIp95 was derived from the participant’s last self-reported
height and weight measurement. There was no predetermined time interval between baseline
and endpoint measurements.

Analysis

Descriptive statistics were used to compare baseline characteristics (age, age group, sex, BMI
percentile, %BMIp95, weight category, obesity class, and payment source), primary outcome
(participant engagement) and secondary outcome (change in weight status) across the three
commitment periods. Categorical variables were expressed as absolute values and
corresponding percentages. Normally distributed continuous variables are reported as a mean
with standard deviation (SD). The continuous engagement measures analyzed had non-
normal distribution patterns, each of these are reported as a median with interquartile range.
Differences of measures across commitment period groups were explored using Chi-square
tests for categorical variables and analysis of variance (ANOVA) for normally distributed
continuous measures. Similarly, differences across commitment periods for non-parametric
continuous measures were analyzed using Kruskal-Wallis tests. Significance of change in
weight status within commitment periods was analyzed using paired t-tests.



Multivariable linear regression models were constructed to examine two sets of associations:
(1) between the primary outcome (number of coaching sessions) and each commitment period
(reference of 24 week period) and (2) between the primary outcome (number of coaching
sessions) and the secondary outcome (change in %BMIp95). Each multivariable model
included adjustment for significant baseline differences in age group and sex (Appendix
Table 5). A sensitivity analysis, excluding involuntary participants (i.e., health plan or
employer supported) was performed in order to isolate differences associated with
voluntariness of commitment period (Appendix Table 6). All analyses were conducted using
SAS Institute Inc. software (SAS University Edition/SAS Studio 3.71).

Results

Participants

Of 3,242 participants assessed for eligibility, 1,579 met inclusion criteria. Of those, 305 were
excluded for being outside the age range, normal weight at baseline (79), missing baseline data
(46), or data measurement error. This yielded a final analytic sample of 1120 study participants,
displayed in (Figure 1).

Baseline Characteristics

The baseline characteristics for the study sample by commitment period are displayed in
(Table 1). Overall, 292 participants were in the 4-week commitment period, 690 in the 12-16
week group, and 138 in the 24-week commitment-period. Mean age at baseline was 12 years
(SD 2.5) and most participants (68.0%) were female. There were no statistically significant
differences across the 3 groups in age or sex. The majority of participants (76.6%) were
categorized as obese, with mean BMI percentile (standard deviation - SD) of 96.6 (3.1) and
mean (SD) %BMIp95 of 114.5 (16.5). Children in the 24-week group were more likely to be
classified as obese, when compared with those in the 4 and 12-week groups (85.5% vs 74.7%
and 75.7%, respectively, p=0.029). The predominant payment source (66.3%) was “self-pay.”

Table 1. Baseline participant characteristics by commitment period.**

All Periods | 4 weeks 12-16 24 weeks p value
weeks®
(n=1120) (n=292) (n=690) (n=138)
Mean age — yrs (SD) 0.891*
12.0 (2.5) 11.9 (2.2) 12.0 (2.7) 12.0 (2.4)
Age Group n (%) 0.608°
5-11 yrs 573 (51.2) 150 (51.4) 350 (50.7) 73 (52.9)
12-14 yrs 392 (35.0) 109 (37.3) 237 (34.4) 46 (33.3)
15-18 yrs 155 (13.8) 33 (11.3) 103 (14.9) 19 (13.8)
Sex n (%) 0.202°
Male 358 (31.9) 103 (35.3) 218 (31.6) 37 (26.8)
Female 762 (68.1) 189 (64.7) 472 (64.1) 101 (73.2)
BMI percentile, mean (SD) 0.009*
96.6 (3.1) 96.4 (3.3) 96.5 (3.1) 97.3(2.5)




%BMIp95, mean (SD) 0.014*
1145 (165) | 113.4(17.5) | 114.1(19.3) | 1188 (19.3)

Weight Category® n (%) 0.029°
Overweight | 262 (23.4) | 74 (25.3) 168 (244) | 20 (14.5)
Obese 858 (76.6) | 218 (74.7) | 522(75.7) | 118(85.5)

Obesity Class® n (%) 0.378°
Class | 508(592) | 128(58.7) | 315(603) | 65(55.1)
Class 11 236 (27.5) | 65(29.8) 140 (26.8) | 31(263)
Class [l | 114(133) | 25(11.5) 67(12.8) | 22(18.6)

Payment Source n (%) <0.001°

Self-pay 743 (66.3) 292 (100) 314 (45.5) 138(100)

Health plan | 278 (24.8) 278 (40.3)

Employer | 99 (8.8) 99 (14.3)

AANOVA
b Chi-Square Test
¢Categories by CDC BMI percentile for Age & Sex
Overweight (BMI Percentile > 85 & < 95th) Obese (BMI Percentile > 95th)
dClass I (=95th to <120 %BMIp95), Class II (>120 to <140 %BMIp95, or BMI >35), Class III (>140 %BMIp95, or
BMI >40)
€12-16 weeks includes n=674 participants with 12 week and n=16 participants with 16 week commitment period.

Participant Engagement

The engagement of participants with the mobile app program compared across commitment
periods is displayed in (Table 2). The primary outcome of median number of coaching sessions
received was 8 (IQR 3-15) for the 4-week group; 9 (IQR 5-12) for the 12-16 week group; and
19 (IQR 11-25) for the 24-week group (p<0.001). Overall, the median number of coaching
sessions per participant was 9, with an interquartile range (IQR) of 5-15. The median (IQR)
values for other engagement measures were as follows: participation period was 15 weeks (IQR
12-30), number of coaching messages was 3 (IQR 0-10), median number of logged dietary events
was 174 (IQR 83-325), and median number of logged physical-activity events was 42 (IQR 15-91).
Median weeks of participation differed across commitment periods: 16 weeks (IQR 8-36) for
the 4-week group; 14 weeks (IQR 12-22) for the 12-16 week group; and 30 weeks (IQR 22-
51) for the 24-week group. Overall, program retention was high, with 895 participants (79.9%)
remaining engaged with the program for at least the duration of their commitment period. Program
retention across commitment periods was 92.5 % for the 4-week group; 76.8% for the 12-16
week group; and 68.8% for the 24-week group (p<0.001). Additionally, the engagement of all
participants stratified by age group is shown in (Table 3). There were no statistically significant
differences in engagement by age group.




Table 2. Engagement of participants with mobile application-based program by commitment

period.*!
All Periods 4 weeks 12-16 weeks' | 24 weeks p value
(n=1120) (n=292) (n=690) (n=138)
Coaching Sessions® median (IQR)
9 (5-15) 8 (3-16) 9 (5-12) 19 (11-25) <0.001*
Coaching Messages? median (IQR)
3 (0-10) 4 (0-11) 3 (0-9) 6 (1-14) <0.001%
Dietary Events® median (IQR)
174 (83-325) | 163 (80-321) | 153 (76-278) | 335 (188-596) | <0.001%
Physical Activity Events’ median (IQR)
42 (15-91) 42 (15-98) 36 (13-78) 76 (33-152) <0.001*
Participation Period® median (IQR)
15 (12-30) 16 (8-36) 14 (12-22) 30 (22-51) <0.001?
Program Retention" n (%)
895 (79.9) 270 (92.5) 530 (76.8) 95 (68.8) <0.001°
*Kruskal-Wallis Test ®Chi-Square Test
“Median of total number of coaching sessions between participant & coach
dMedian of total number of text messages from participant to coach
“Median of total number of dietary event food logs recorded by participants (n=1100), otherwise missing
fMedian of total number of physical activity event logs recorded by participants (n=1078), otherwise missing
gMedian of total weeks between sign up & last recorded interaction with the app
hProportion of participants who completed equal or greater weeks than intial commitment period
iIncludes 674 participants with 12 week and 16 participants with 16 week commitment periods
Table 3. Engagement of participants with mobile application-based program by age group —
among all participants. (n = 1120)
All Age Groups | 5-11 yrs 12-14 yrs 15-18 yrs p value
(n=1120) (n=573) (n=392) (n=155)
Coaching Sessions ¢ median (IQR)
9 (5-15) 10 (5-15) 9 (5-14) 10 (6-15) 0.769°
Coaching Messages! median (IQR)
3 (0-10) 3 (0-10) 3 (0-12) 3 (0-10) 0.936°
Dietary Events® median (IQR)




174 (83-325) 171 (80-318) | 175(84-330) | 177 (87-342) | 0.679°
Physical Activity Events’ median (IQR)

42 (15-91) 44 (15-89) 41 (15-92) 36 (13-102) 0.893°
Participation Period® median (IQR)

15 (12-30) 15 (12-32) 15 (11-27) 14 (12-27) 0.332°
Program Retention" n (%)

895(79.9) 493(79.1) 314 (80.1) 128 (82.6) 0.619*

*Kruskal-Wallis Test ®Chi-Square Test

“Median of total number of coaching sessions between participant & coach

dMedian of total number of text messages from participant to coach

“Median of total number of dietary event food logs recorded by participants (n=1100), otherwise missing
fMedian of total number of physical activity event logs recorded by participants (n=1078), otherwise missing
gMedian of total weeks between sign up & last recorded interaction with the app

hProportion of participants who completed equal or greater weeks than intial commitment period

Results of unadjusted and adjusted models for the primary outcome (number of coaching
sessions per participant) are displayed in Table 4. After adjustment for child sex and age group
(with the 24-week group as reference), the 12-16 week group was associated with the fewest
number of coaching sessions per participant, with a beta-coefficient (95% CI) of -9.34 (-11.30
to -7.39), in contrast to the 4-week group, with a beta-coefficient of -8.03 (-10.19 to -5.87). The
results of sensitivity analyses -- restricted to only self-pay (voluntary) participants are included
in the appendix (Table 6). In this sub-population, the 4-week group was associated with the
fewest number of coaching sessions per participant, with a beta-coefficient (95% CI) of -8.06
(-10.56 to -5.56), in contrast to the 12-16 week group, with a beta-coefficient of -6.02 (-8.48 to
-3.56).

Table 4. Factors associated with total number of coaching sessions — among all participants
(n=1120)

Unadjusted? p value | Adjusted® p value

beta-coefficient (95% CI) beta-coefficient (95% CI)
Age 5-11 yrs (reference - 15-18 yrs)

-0.17 (-2.14 t0 1.79) 0.862 -0.13 (-2.03 to 1.78) 0.898
Age 12-14 yrs (reference -15-18 yrs)

-0.59 (-2.68 to 1.44) 0.558 -0.53 (-2.53 to 1.46) 0.599
Male (reference - female)

-1.38 (-2.77t0 0.01) 0.051 -1.15(-2.50 t0 0.19) 0.093
4 weeks (reference - 24 weeks)

-8.15 (-10.31 to -5.98) <0.001 | -8.03 (-10.19 to -5.87) <0.001




12-16 weeks (reference - 24 weeks)

-9.41 (-11.36 to -7.46) <0.001 | -9.34 (-11.30 to -7.39)

<0.001

2 Unadjusted bivariate linear regression model of coaching sessions outcome as a function of age group,
sex, or commitment period.

®Adjusted multivariable linear regression model of coaching sessions outcome adjusted as a function of age
group, sex, and commitment period.

Change in Weight Status

Within each commitment period, the mean change between baseline and endpoint for
%BMIp95 (95% CI) was -5.4 (-6.2 to -4.5) for 4 weeks, -4.8 (-5.3 to -4.3) for 12-16 weeks, and
-6.9 (-8.3 to -5.6) for 24 weeks (p < 0.001). Across age groups, the mean change of %BMIp95
(SD) was -5.6 (7.9) for 5-11 year-olds, -4.7 (5.9) for 12-14 year-olds, and -5.2 (5.6) for 15-18
year-olds (p < 0.087). Adjusting for age group and sex within each commitment period, the
beta-coefficient (95% CI) per coaching session was -0.25 (-0.32 to -0.18) for the 4 week group,
-0.16 (-0.21 to -0.11) for the 12 week group, and -0.26 (-0.34 to -0.18) for the 24 week group
(p<0.001). The multivariable model of all participants, adjusted for initial commitment
period, age group and sex, demonstrated an overall beta-coefficient (95% CI) decrease of
-0.21 (-0.25 to -0.17) in %BMIp95 per each coaching session received (p<<0.001).

Discussion

This retrospective study described the engagement of a large cohort of children and
adolescents with a multi-component mobile app-based comprehensive behavioral program
aimed at promoting healthy dietary and exercise lifestyle behaviors. Unlike traditional
behavioral interventions and clinical weight management programs, which largely rely on in-
person visits and sessions [6][40][41] mhealth programs such as the one studied enable
participants to self-monitor health behaviors and receive health coaching at their own pace.As
such, the findings of this study add to the growing evidence base for mhealth tools generally,
and more specifically for mobile app-based comprehensive behavioral programs to support
health behavior change for overweight or obese children and adolescents.

Our findings of overall engagement with a median of 9 (IQR 5-15) coaching sessions during the participation
period is notable for a mhealth program. This level of engagement, while considered low-intensity by
USPSTF criteria, is comparable to contact levels of in-person weight management programs. [40] We
also documented consistent levels of participant engagement with other measures such as
self-monitoring of physical activity and dietary habits. The documented engagement of
participants with both individualized coaching and self-monitoring is an important finding,
given that these components represent behavioral change techniques that are known to be
effective in managing pediatric obesity.[41] Furthermore, overall program retention with this
mhealth program was high and attrition was 20.9%, which is considerably lower than attrition
rates of between 37% and 41% reported for traditional in-person (non-mhealth) weight
management programs.[8]

Finally, in this observational study, we found a significant association between the number of
coaching sessions and the change in self-reported weight status during participation in the program.
This association suggests that greater exposure to coaching sessions in this study was
correlated with increased weight reduction. USPSTF analyses of intensive in-person
interventions suggest a dose-response relationship between intervention hours received and
beneficial changes in weight, with effective programs requiring at least 26 contact hours.[6]
Though this study design was unable capture a participant’s absolute contact hours with the




app or coaching sessions, the observed association between weight change and coaching
sessions suggests a possible “lower dose” or “lower threshold” effect for this mHealth
intervention, when compared with traditional in-person interventions. Further research,
however, is necessary to validate the nature and magnitude of this association, as well as to
rule out other explanations, including selection bias or reporter bias.

The study has limitations common to other studies of digital health and mHealth
interventions.[15] As an observational retrospective study design, the study also lacked an
independent control or comparison group. The study is subject to some reporting bias, as all
measures, including anthropormetrics, were self-reported by participants. The study is also
subject to selection bias, both because enrollment and participation was self-directed and
because full functionality required access to an internet connected mobile device. Another
limitation was unmeasured confounders — including race/ethnicity, parental educational
attainment, and household income — which limits adjustment and generalization, particularly
for low-income populations.[2] However, the inclusion of employer-benefited and health-
plan-benefited participants, which may have included both commercial and government
sponsored plans, likely increased the heterogeneity of the sample. Finally, the study as
designed was unable to fully account for other factors that may influence intervention fidelity,
including quality of coaching sessions, role of parents, clustering by coach, or use of other
resources. Specifically, the study could not account for the degree of parental involvement and
supervision among younger participants as compared to older participants. Nonetheless, the
findings do not support a significant difference between age groups.

Still, rigorous and independent studies of digital health and mHealth interventions are limited,
and this study meaningfully contributes to the literature on digital health and mHealth
interventions focused on obesity treatment and prevention. First, the intervention was
comprehensively designed with multiple components that have been shown to be effective
strategies for weight management and behavior change in pediatric populations.[6]
[41][30][32][33] This is in contrast to the often limited behavior change techniques employed
in other mhealth tools.[27][28] Second, the intervention leveraged effective behavior change
techniques to support self-guided behavior change and utilize health coaches in a family
context.[24] Third, the study population included a broad distribution of age groups, including
pre-adolescent children, adolescents and late adolescents. In fact, the age, sex, and weight
characteristics of the study population is similar to that of traditional in-person medical weight
management programs.[39][40] In addition to obese participants, the intervention also
included overweight participants, which suggests generalizability of the findings beyond this
study. Lastly, it is notable that engagement with the program and change in weight status was
consistent across age groups that include young children, pre-adolescents and adolescents.

Our findings have implications for clinical care, population health, and public policy.
Clinicians providing obesity treatment may consider the incorporation of mobile health programs
such as the one studied here as an adjunct to clinic visits and traditional medical management
strategies. Health-care systems aiming to improve population health management efforts might
find these types of mobile health solutions more accessible for providing acees to care for patients
in rural areas where availability of providers may be limited or to patients in urban areas who may
be restricted by long commute times or have limited transportation options. Lastly, public-health
leaders and policy makers may be encouraged by the role that emerging digital technologies could
play in addressing obesity at the community level.



Conclusion

This study of a mobile application-based health behavior change and health coaching program
among a large cohort of overweight and obese participants demonstrated high participant
engagement. Increased engagement with coaching sessions was associated with longer
voluntary commitment periods. Overall program retention was higher than that reported for
similar in-person intensive behavioral interventions and weight management programs.
Participant engagement with coaching sessions was associated with decreases in weight status
(%BMIp95). Taken together, these findings highlight the potential of mHealth platforms as a
promising model for delivering behavioral interventions that support weight management and
behavior change for overweight or obese children and adolescents.
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