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Context: Adolescents and young adults (AYA) with spina bifida (SB) are more susceptible to obesity due to
impaired mobility. There is limited access to physical activity for this population.

Objective: The primary aim of this study was to evaluate the feasibility of a mobile health app in a weight
management program for AYA with SB. This was determined by measuring program adherence, active use
of the app (defined as =3 uses per week), and user rating of the Pt Pal™ mobile app. Secondary outcomes
were changes in BMI, quality of life, and health behavior, and the number of active participants over time.
Methods: Patients from the SB Clinic of a large metropolitan hospital between the ages of 11-21 years and
overweight were invited to participate. The program consisted of group nutrition sessions and an
individualized exercise plan using a mobile app with coaching. Outcome measures were program
adherence, changes in BMI, and validated survey responses. Descriptive statistical analysis was performed.
Results: Fifteen participants enrolled, and ten participants completed the program. Five of the ten participants
attended the nutrition sessions. The number of active app users declined after the first week. Seventy percent of
participants decreased their BMI. Most participants reported the program improved their ability to exercise
regularly, eat a healthier diet and feel more self-confident. Peds QL™ psychosocial health domains
increased postintervention. The YRBS showed increased physical activity and less sedentary time
postintervention.

Conclusions: This mobile app-based weight management program with coaching implemented may not be
feasible for adoption in the general population of AYA with SB; however, it was well received by some, and
further testing is needed to determine how to improve feasibility. This study provides useful information to
guide future programs utilizing digital health and coaching.
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Introduction
Spina Bifida (SB) is one of the most common central
nervous system birth defects, occurring in 1.9 per

10,000 live births (1, 2, 3). Spina Bifida is a neural
tube defect resulting in muscle weakness and paralysis
based on the size and location of the lesion (4, 5).
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adulthood; however, aging increases the likelihood of
becoming obese (8).

SB is the result of multiple nutritional, environ-
mental, and genetic factors (5). There are certain
ethnic groups that are more susceptible (9). Hispanic
mothers are most vulnerable compared to non-
Hispanic white mothers® based on recent studies (10).
In addition, there is a greater prevalence of obesity
among Hispanic children with SB when compared
with their non-Hispanic counterparts (7, 11, 12).

Obesity is a significant comorbidity in those with SB
given their baseline mobility limitations. Additional
bodyweight perpetuates the cycle of sedentary behavior
with increased caloric intake, leading to further decline
in ambulation (13). Furthermore, obesity increases the
risks of pressure ulcers and loss of independence
impacting quality of life (14). Thus, it is imperative
that patients with SB have access to opportunities to
be active. One challenge to pediatric weight manage-
ment programs is attrition related to the burden of
visits, with one study reporting parents expressing frus-
tration with the lack of flexibility (15, 16). Mobile
health (mHealth) app-based platforms allow for flexi-
bility and greater autonomy (17). Recent research
demonstrates that youth with SB were physically and
cognitively capable of using commercially available
mobile apps; however, adaptation of existing technol-
ogies for persons with SB is recommended (18).

The primary aim of this study was to evaluate the
feasibility of using the Pt Pal™ mobile health app in a
weight management program for AYA with SB.
Feasibility was assessed by measuring program adher-
ence (participation and completion), active use of the
app (defined as >3 uses per week), and user ratings
of the Pt Pal app. The secondary outcome measures
were changes in BMI pre- to postintervention, quality
of life through the validated Pediatric Quality of Life
(PedsQL™) survey, and health behavior based on a
modified Youth Risk Behavioral Surveillance
(YRBS) survey. We hypothesized that the intervention
support participants in decreasing BMI,
improve quality of life and increase health-promoting
behaviors.

would

Methods

Participants

Institutional Review Board approval was obtained for
this study. Inclusion criteria were patients between the
ages of 11-21 years who had a body mass index
(BMI) = 85th percentile who were followed by the
Centers for Disease Control and Prevention (CDC)
National Spina Bifida Patient Registry (NSBPR)
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Spina Bifida Program at a large metropolitan hospital.
Participants were English or Spanish speaking, with
any level of mobility, and had access to a mobile
device with smartphone capabilities. Electronic
Medical Records (EMRs) were reviewed by the research
team prior to the SB clinic to identify patients who met
age and BMI criteria. Patients who met the inclusion
criteria were approached by the research staff and
invited to participate. Written consent and assent were
obtained from those who agreed to participate (Fig.
1). Patients with a diagnosis of moderate to severe
developmental delay, who underwent a recent surgical
procedure or who were being actively treated by the
wound care management team for a pressure ulcer,
and those who were already enrolled in a weight man-
agement program were excluded.

Intervention

Study design

The Transtheoretical Model (TTM) was the concep-
tual framework that guided program design (Fig. 2).
TTM is used to assess readiness for change and con-
sists of 5 phases: (1) pre-contemplation, (2) contem-
plation, (3) preparation, (4) active change, and (5)
maintenance. Pre-contemplation refers to a state
where a person has no intention to change and may
be unaware of the problem. Moving to the contempla-
tion stage requires acknowledgement that a problem
exists, and that change is needed. Preparation involves
deliberate intention and small implemented changes;
action is applying changed behavior over time, and
maintenance is established as a person works to
prevent a lapse. As a person continues to adjust
their behavior, they move from pre-contemplation to
maintenance (19).

The goal of this study was to engage with patients
who are in the pre-contemplation and contemplation
stages of change and lead them through the cycle of be-
havioral change. Nutrition and exercise modules were
developed with the intention of informing and propel-
ling subjects through these stages.

Enrollment visit

The SB pediatrician conducted a motivational interview
to evaluate their stage of change. The pediatrician
would assist the participant to create a Specific,
Measurable, Achievable, Relevant, and Time Bound
(SMART) nutrition and activity goal. The activity
goal was discussed with a certified Athletic Trainer,
and an individualized exercise program was assigned.
Participants were instructed to download the Pt Pal™
app, and instructions were provided. Enrolled
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Enrollment Chart

Participant Identification

e Schedule of patients coming into the Children’s Hospital Los Angeles’ (CHLA) Spina Bifida clinic
screened by a member of the research team to identify those who meet inclusion criteria.

Participants Approached for Consent

e Those who met inclusion criteria were approached in the CHLA Spina Bifida Clinic
o A member of the study team described the study to both patient and parent
e Written consent obtained from those who agreed to participate

Enroliment/Interview

e Participants discuss SMART (Specific, Measurable, Attainable, Relevant, Time-Based) goal with
pediatrician. Pediatrician determines stage of change through a short interview.

Equipment Setup & Distribution/Initial Surveys

Participants sent initial surveys

PTPal App setup on personal phone with account
Participants provided with resistance bands and small gym bag

App/Exercises Athletic Trainer Check-ins Nutrition Sessions
e  Participants assigned 4-5 e  15-minute monthly calls e 60-minute monthly virtual
exercises through PTPal App e Adjust/maintain exercise meetings
for 13-weeks routine e Led by a Registered
e 5-minute weekly calls with Dietitian
research coordinator

Figure 1 Recruitment and enroliment procedures

participants were provided a packet with resistance
bands and health-education handouts. Participants
were invited to attend monthly, virtual nutrition edu-
cation modules and monthly phone follow-ups with
the certified athletic trainer (Fig. 3).

Program components

Pt Pal™ mobile health app

Pt Pal™ (Los Angeles) is an established iOS/Android
mobile health application, allowing clients to input
data and providers to access the information through
the web-based portal. Each participant was assigned a
unique, de-identified Pt Pal™ login upon enrollment.
Once ambulatory status was determined, the study
team assigned an exercise plan to each participant,

accessible through the Pt Pal™ app. Each exercise
included an instructional video. Pt Pal™ was used to
administer all surveys, questionnaires, and handouts
throughout the program. Reminders to complete exer-
cises, attend monthly nutrition sessions and schedule
monthly athletic trainer meetings were communicated
through the app every 2 weeks.

The study team was able track how often each par-
ticipant logged into the app, how many exercises were
performed, and any reported pain or discomfort
during any of the assigned exercises. Participants were
instructed to do the exercises with a goal of 3 times a
week. An active user was defined as an individual
who logged exercise into the Pt Pal™ app at least 3
days a week.
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Pre-Contemplation

= Enrolled participant interviewed by

Contemplation
= Enrolled participant interviewed by
pediatrician to determine if they are in
contemplation stage.

| = Patient may be contemplating change but has

not taken actionable steps.

—

Preparation
= Participants are invited to meet with an

pediatrician to determine if they are in
pre-contemplation stage.

= Patient may be unaware thata change
needs to be made.

Maintenance

= Participants continue implementing their
newly learned behaviors:

= Performing and entering their
exercises into the app

= Practicing healthy eating
strategies learned from Nutrition
Information Sessions.

. Research Coordinator continues to check
in with participant.

athletic trainer to discuss plans for exercise.

= Participants are also invited to attend monthly
virtual Nutrition Information sessions

= Participant aware change needs to be made.
Begins to make small lifestyle changes

Action

= Participants are given an exercise program
through the PT Pal app

= Completed exercises are entered into the app
to track compliance.

= Participants meet with athletictrainer and
registered dietitian.

= Research Coordinator checks in with
participant weekly to gauge program
satisfaction. Implementing new lifestyle
changes.

Figure 2 Transtheoretical model (TTM) of health behavior change conceptual framework

Exercise program

An orthopedist and a research coordinator with a phys-
ical therapy background developed the exercise
modules. A volunteer SB patient and non-affected
sibling consented to be recorded for exercise demon-
stration videos uploaded to the Pt Pal™ exercise
library for respective non-ambulatory and ambulatory
exercise plans. Each plan consisted of a warmup,
stretches, and strengthening exercises. Athletic trainers
demonstrated assigned exercises with each participant
in person at the time of enrollment with 2 virtual
monthly check-in meetings that allowed for modifi-
cations and feedback.

Selected exercises for each participant were deter-
mined by their International Myelodysplasia Study
Group (IMSG) functional spina bifida level and ambu-
latory status (20). The IMSG functional classification is
determined by manual motor testing and classified as
thoracic, high lumbar, mid lumbar, low lumbar or
sacral. Ambulatory status was defined as being in a
standing or seated positioning while performing the
exercises. If a participant was able to stand indepen-
dently with or without braces, they would be considered

The Journal of Spinal Cord Medicine 2024 voL. 47 NO. 6

ambulatory, and those who performed the exercises in
their wheelchair were defined as non-ambulatory. The
percentage of attempted exercises completed was calcu-
lated by tracking the number of attempted exercises and
comparing this to the number of exercises that were
incomplete due to pain or discomfort.

Nutrition

The nutrition modules were adherent to the current
American Academy of Pediatrics obesity guidelines and
were developed by a Registered Dietitian (RD) in collab-
oration with a pediatrician with certification in obesity
medicine. Participants were invited to attend a monthly
virtual nutrition session on setting nutrition and health
goals led by two dietary interns and a senior RD. Each
nutrition module was conducted for 45-minutes and
covered one of three topics: (1) Introduction/Goals/
MyPlate, (2) Nutrition Basics, and (3) Navigating the
Grocery Store/Conclusion. These topics were modified
from the existing BodyWorks curriculum, a national,
empirically  validated, Comprehensive  Behavioral
Family Lifestyle Interventions (CBFLI) program used
in our primary care pediatric clinic (Table 1) (21).
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Monthly Program Schedule

Month 1 Month 2 Month 3
Sign consent forms Virtual meeting with Final Virtual
with CRC athletic trainer Meeting with

Interview with
Pediatrician
Create SMART goal
Equipment
distribution

Attend virtual
Nutrition
Information Session
Continue tracking
exercises on App

Athletic trainer
Final virtual
Nutrition
Information
Session

e Download PT Pal
App on personal
phone

e App tutorial with
CRC

e Complete surveys

e Attend Virtual
Nutrition
Information Session

e Virtual meeting with
Athletic Trainer

e Track exercise in

App

e Review SMART
goal and
accomplishments

e Complete surveys

e Complete
program
evaluation in exit
interview with
CRC

Figure 3 Program outlines

Surveys and questionnaires

Each participant was given a 7-question demographic
survey upon enrollment. Monolingual Spanish speakers
were provided with a Spanish translation and were pro-
vided with an interpreter.

Table 1 Modified bodyworks curriculum.

Session

number Topic Related activity

1 Introduction, MyPlate, 5-2-  Recipe for a yogurt
1-0 & SMART Goals parfait

2 Portions & Sugar in Drinks,  Recipe for “spa
Food Labels water” — fruit and

herb infused water
3 Grocery Shopping, Fast Reading nutrition

Food & Family Meal Prep
“Instagram” Final

labels of a favorite
food in the house

Three validated questionnaires were used: (1)
Pediatric Quality of Life (PedsQL™) (22), (2) Youth
Risk Behavioral Surveillance (YRBS) (23) and (3) the
Mobile App Rating Scale (MARS) (24). The
PedsQL™ survey is a modular instrument comprised
of 23 questions used to measure health-related quality
of life in healthy children and adolescents and those
with acute and chronic conditions.'* The results of the
PedsQL™ are based on 4 scales (Physical, Social,
Emotional, and School Functioning) and 3 summary
scores (Total Scale Score, Physical Health Summary
Score, and Psychosocial Health Summary Score). The
PedsQL™ scores are calculated by dividing the total
score of each section by the number of questions
answered, in which the highest possible score is 100.
Higher scores indicate greater levels of functioning.
The PedsQL™ has been shown to be a reliable
measure of quality of life in children and adolescents.
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Its validity has been demonstrated in children with and
without chronic health conditions (22).

The YRBS survey was designed to monitor health-
related behaviors that contribute to the death, disability
and social problems among youth and young adults
(23). For this study, the YRBS was modified to
include 16 physical activity and dietary behavior ques-
tions. The modified YRBS has been shown to be effec-
tive in determining the prevalence of health-related
behaviors that contribute to unhealthy dietary habits
and physical activity (23).

The 23-question MARS was used to evaluate the
quality of the mobile health app. The MARS score is
based on 4 characteristics: engagement, functionality,
aesthetics, and information (24). Each domain rating
is based on a scale from 1 to 5. Engagement measures
the ability of the app to engage the user, increasing
the likelihood the user will return to use the app.
Functionality focused on overall user experience with
the app’s features. Aesthetics revealed the user’s
opinion on visual appeal, and information reflects the
quality and quantity of the information in the app.
MARS has been shown to be a reliable measure of
the quality of mobile health apps (24).

A Program Evaluation survey was distributed at the
final visit to obtain participant feedback. This 40-ques-
tion survey gathered information regarding the partici-
pants’ satisfaction with each aspect of the program. All
surveys were distributed before and after the 3-month
intervention as described in Table 2.

Statistical analysis

Demographic information, program adherence, MARS
survey and program evaluation data were descriptively
analyzed. Continuous variables are shown as means
with standard deviations and categorical or ordinal
variables are shown as proportions with percentages.
Wilcoxon sign rank tests were used to evaluate the
change in BMI, Peds QL™ scores, and YRBS responses
from pre- to postintervention. Spearman rank

Table 2 Assessment time points and key measures.

Month 1 Month 2 Month 3

Demographics X
Outcome measures
Participant’s BMI recorded
Program Adherence

YRBS Questionnaire
PedsQL Inventory

MARS

Program Evaluation

X
X
X
X

X X X X X X
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correlation was used to examine the relationship
between change in BMI and app usage.

Results

Demographics

Overall, 15 participants were enrolled in the study, and 10
participants completed the program. Those who did not
complete the program were lost to follow-up (n = 2 after
week 1) or withdrew (n = 3 at weeks 0, 2, and 6) from
the study. The mean age of participants who completed
the program was 17.5 (standard deviation (SD) 2.2;
range 12-21 years old). There were 6 (60%) females and
4 (40%) males. Nine of fifteen enrolled participants
(60%) spoke primarily Spanish at home, 1 identified
Arabic as their primary language and the remaining
spoke English only. All participants were proficient in
English, even if they spoke another language at home.
Over half (60%, 6/10) of participants were non-ambulat-
ory as previously defined. Demographics of all partici-
pants and IMSG functional levels are presented in Table 3.

Program adherence
The program was implemented over a 3-month (13-
week) period for each participant. At the onset, about
half of the participants were using the mobile app.
However, the number of participants declined from 8/
15 (53%) people in week 1-3/15 (20%) in week
2. Temporary increases in app use occurred at both
the 4- and 8-week period, which correlated to the time
of their virtual check-in with the athletic trainer (Fig.
4). Out of the fifteen enrolled participants, two were
lost to follow-up and 3 withdrew. Out of the ten partici-
pants who completed the program, two attended all 3
monthly check-ins, three attended 2 check-ins and the
remaining five completed the initial meeting only.
Fifty percent (5/10) of the participants who com-
pleted the program attended at least one of the
Nutrition Sessions. Of those who attended, they
found the information presented was helpful. Eight
four percent of attempted exercises were completed.
Exercises that were incomplete were secondary to pain
or difficulty.

Body composition measurements

Both pre- and postintervention height and weight were
recorded for nine of ten participants who completed the
program. Of these, seven reduced their overall BMI,
two increased their BMI and one was not seen back
in clinic for measurements (Table 4). Collectively, par-
ticipants saw a 1 kg/m? drop in average BMI from
pre- (31.6 £8.2) to postintervention (30.5 = 6.9)
although the difference was not statistically significant
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Count Count
Total Completed
Measurement Description (N=15) Percentage (N=10) Percentage
Age 11-14 years 1 6.67% 1 10.0%
15-18 years 8 53.3% 5 50.0%
19-21 years 6 40.0% 4 40.0%
Average age 16.1 years 17.5 years
Sex Female 8 53.3% 6 60.0%
Male 7 46.7% 4 40.0%
Race/Ethnicity Latino/Hispanic 10 66.7% 7 70.0%
Non-Latino White 3 20.0% 2 20.0%
Non-Latino Black 1 6.7% 0 0
Multiple Races 1 6.7% 1 10.0%
Insurance type Medi-Cal 13 86.7% 9 90.0%
Private 1 6.7% 1 10.0%
HMO 0 0 0 0
PPO 0 0 0 0
None 0 0 0 0
Not disclosed 1 6.7% 0 0
Parent’s highest education Less than high school 4 26.7% 3 30.0%
level Some high school 2 13.3% 2 20.0%
High school graduate or equivalent 3 20.0% 1 10.0%
Vocational or technical school 1 6.7% 0 0
Some college or associate degree 1 6.7% 1 10.0%
Completed college (bachelor’s 3 20.0% 1 10.0%
degree)
Graduate school 0 0 0 0
Not disclosed 1 6.7% 0 0
Household income Less than $10,000 4 26.7% 4 40.0%
$10,000-$19,999 2 13.3% 1 10.0%
$20,000-$29,999 0 0 0 0
$30,000-$39,999 2 13.3% 1 10.0%
$40,000-$49,999 1 6.7% 1 10.0%
$50,000-$59,999 1 6.7% 1 10.0%
$60,000-$69,999 1 6.7% 1 10.0%
$70,000-$79,999 1 6.7% 0 0
Not disclosed 2 13.3% 1 10.0%
Spina bifida level High Lumbar 4 26.7% 3 30.0%
Mid Lumbar 2 13.3% 1 10.0%
Low Lumbar 3 20.0% 2 20.0%
Sacral 2 13.3% 2 20.0%
Thoracic 4 26.7% 2 20.0%
Ambulatory status Ambulatory 7 46.7% 6 60.0%
Non-Ambulatory 8 53.3% 4 40.0%

(P =0.11). Spearman’s rank correlation found no
significant relationship between app usage and change
in BMI (p = 0.23, P = 0.55).

Active Participants

Number of Active Participants
O P N W b U1 OO N O O

1 2 3 4

Week Number

7 8 9 0 11 12 13

Active Participants

Figure 4 Number of active participants* during 13-week
intervention. *Active participant was defined as using the app

three or more days per week

Survey outcome measures

In the program evaluation, 9/10 (90%) participants who
completed the survey liked the program overall, and all
(10/10) would recommend this program to a friend
interested in weight management. However, only 3/10
(33%) participants would recommend the Pt Pal™
app alone. Participants rated the app through the
MARS as a Quality Mean Score of 3.57/5. App users
rated Pt Pal™ highest in functionality (3.9/5) and
lowest (3.2/5) in engagement.

PedsQL™ and the modified YRBS were completed
pre- and postintervention. The results of the
modified YRBS revealed that 5/10 (50%) of those
who finished the program reported being active at
least one more day per week than they were before
the program. This increase in activity was also
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Table 4 Changes in BMI from pre- to post-intervention.

Percent
BMI Pre- BMI Post- Change (%)

Intervention Intervention in BMI change
Subject (kg/m?) (kg/m?) (kg/m?) in BMI
1 25.4 24.3 -1.1 —4.5%
2 25.8 28.4 +2.4 +9.3%
3 28.1 25.7 —-2.4 —-8.5%
4 43.0 40.8 22 -51%
5 21.7 20.6 —-1.1 -5.1%
6 494 42.3 -7 -14.3%
7 32.0 32.3 +0.3 +0.9%
8 28.4 27.3 —-1.1 -3.9%
9 34.3 329 -14 —4.1%

10 25.8 ND* ND* ND

*Patient completed post-intervention surveys but did not come
into the Spina Bifida clinic for post-intervention BMI
measurements. ND = no data.

reflected in 4/10 (40%) participants reporting less
time spent watching TV, and 6/10 (60%) reporting
less time playing computer or phone games. Three
out of 10 (30%) participants reported eating at least
one more serving of fruit and vegetables per day.
Again, due to the small sample size, these numbers
did not reach statistical significance but are worth
noting.

The results of the PedsQL™ survey exhibited slight
increases in emotional functioning scores (59.5 + 24.1
pre-intervention, 64.5 + 17.2 post-intervention, P =
0.500) and social functioning scores (60 + 25.7 pre-
intervention, 67 + 20.2 post intervention, P = 0.411).
However, a slight decrease was seen in physical func-
tioning scores (57.5 = 19.1 pre-intervention, 53.1 +
19.0 post-intervention, P = 0.305), and a significant
reduction was observed in school functioning scores
(52.5 = 17.6 pre-intervention, 44.4 + 21.9 post-inter-
vention, P = 0.045). As for the summary scores,
Physical Health experienced a slight decrease (57.5 =
19.1 pre-intervention, 53.1 + 19.0 post-intervention,
P = 0.305) and Psychosocial Health Summary scores
experienced a slight increase (57.3 + 20.6 pre-interven-
tion, 58.7 +15.8 postintervention, P = 0.718).
Overall, the Total Scale Score remained the same
(57.4 + 18.6 preintervention and 57.3 + 14.2 post-
intervention, P = 0.881).

As part of the program evaluation, participants were
asked if they had any suggestions for improving the
program. Most conveyed that they would benefit from
greater individualization and support and more
variety in the exercises provided. Participants also
expressed interest in more in-person resources and
virtual or in-app group exercise classes.
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Discussion

The purpose of this study was to assess the feasibility of
using the Pt Pal™ mobile app with coaching to engage
AYA with SB in a weight management program. While
many studies report similar challenges with adherence,
the use of the mobile app with tracking allowed us to
observe the specific time points at which attrition
occurred and how actively participants were engaged
in the program as evident in Fig. 4. Half of our partici-
pants used the app during the first week, with an increase
in app use at weeks 4 and 8 virtual check-ins with their
coach. Based on feedback, there was a preference for
pairing the app with coaching and allowing both in-
person and virtual opportunities. This underscores the
importance of a multimodal approach. A recent systema-
tic review by Schoeppe et al. demonstrated there is evi-
dence supporting the effectiveness of app-based
interventions in improving diet, physical activity, and
sedentary behaviors; however, they concluded that
multi-component interventions appear to be more effec-
tive than stand-alone app interventions, consistent with
our findings (25). Another study looked at text messa-
ging in upper extremity exercise programs in adults
with SB (26) and found low overall participation rates
with no significant differences in participation between
the message reminder groups. The authors concluded
that barriers to exercise participation may outweigh the
ability to motivate adults with SB to exercise with elec-
tronic reminders, underscoring the need for interaction
with the care team. Motivational interviewing and
more stringently assessing participants’ readiness to
change may impact attrition levels which was a signifi-
cant issue in this cohort.

While our program duration was brief, based on
YRBS survey responses, participants did report improve-
ments with an increase in physical activity and a decrease
in sedentary activities postintervention. At baseline, our
cohort reported a PedsQL™ score typical among this
population compared to non-SB scores (26). Our most
active user was an ambulatory 20-year-old female with
a high lumbar level of function. She used the app 6-7
times a week or 91% of days during the 3-month
period. Her overall Peds QL™ score was the highest
among those who completed the program (81.4 pre-
intervention, 74.1 post-intervention). Although the
most active participant had the highest Peds QL score,
greater participation levels did not statistically correlate
with higher post-intervention PedsQL™ scores or
change in scores. The PedsQL™ allowed us to gain
insight into how this population functions in physical,
social, emotional, and school domains. School and



physical scores were the lowest among the four domains,
though this may have been partially due to the COVID-
19 pandemic. Social and emotional scores showed slight
improvements, but these differences were not statistically
significant and did not correlate with the levels of inter-
action with the app.

BMI was utilized to determine changes in weight over
the duration of the program. Although BMI has been a
controversial method of identifying obesity within the
SB population, the goal of collecting this measurement
was to track changes from pre- to post-intervention.
The subject with the highest recorded compliance
remained the same weight, with a gain of 0.5 kg and a
change in BMI of 0.32 kg/m®. The greatest reduction in
BMI was a decrease of 7.1 kg/m”? by a subject who
used the app 1-2 days per week. Because BMI does not
account for body composition, weight changes could be
due to changes of fat or muscle mass. Thus, BMI
cannot be an entirely reliable measurement of progress
for an exercise and strength training program. In the
future, we can more accurately assess baseline and post-
intervention fitness using aerobic capacity at pre- and
postintervention.

The exercise program included strength and stretch-
ing exercises. The most painful exercise was the seated
crunch, and the most difficult was the seated scapular
squeeze. We believe this may be unique to the SB popu-
lation based on the location of their post-surgical scar,
their shorter lower body segments and trunk, and base-
line weakness in core strength related to their under-
lying paralysis. Future modifications should include
additional aerobic routines to allow for improvements
in flexibility and cardiovascular fitness.

Access to physical activity among youth with SB is
limited for children without disabilities. One major chal-
lenge was engagement. The lowest MARS sub-score was
app engagement which has been shown in other studies
(27). Edney et al. reported that inclusion of gamified fea-
tures enhanced engagement and led to greater increases
in physical activity in those who were the most engaged
(28). Another study by Lai et al. demonstrated that
two wheelchair dependent youth with SB enjoyed the
use of a virtual reality system to achieve home exercise
guidelines (29). Stiles-Shields ez al. conducted a survey
of adolescents with SB on their technology usage and
found them to be selective users (30). Young adults
have higher usage than their younger counterparts,
which is similar to our findings where the age range of
active users was 15-21 years. Top concerns focused on
usability, accessibility, safety, personal barriers, and effi-
cacy. Our cohort reported favorability related to the app
functioning but felt it could use improvements in

Bent et al. Using a mobile health app in a weight management program

engagement. Within the engagement category, customi-
zation and interest received the lowest scores. Although
the app was found to be less engaging, the functionality
scores revealed that users did find the design to be intui-
tive and easy to navigate. With this feedback in mind, it is
plausible to consider minor adjustments to the mHealth
platform to improve overall engagement and adherence
to an app-based weight management program.

This study had several limitations including small
sample size, short time interval to identify lasting behav-
ior adoption and change, and attrition. Moreover, this
study occurred during the COVID-19 pandemic where
many stressors impacted the participants, families, and
staff. Additionally, we did not look at the impact of
the app alone compared to the app with coaching.

Conclusion

Obesity in young people affected by SB or other mobi-
lity issues warrants further evaluation, including inno-
vative approaches to address this multifactorial issue.
The results of this pilot study suggest that there are
challenges to implementing an app-based weight man-
agement program, impacting widespread feasibility,
though the program was well received by some partici-
pants. With appropriate modifications, this type of
intervention may provide an innovative and cost-effec-
tive mHealth option for activity promotion and
weight loss. The feasibility will further be improved
with additional barrier evaluation and coaching
support. Future directions should address the barriers
identified in this study and incorporate feedback to
develop a multicenter clinical trial.
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