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intellectual disabilities enrolled
in an 18-month randomized
weight management trial
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Background: There is limited information on the efficacy of weight
management interventions in adolescents with Down Syndrome (DS)
Objective: To compare weight change and intervention compliance between
adolescents with DS compared to adolescents with non-DS related
intellectual disabilities (ID) who were enrolled in an 18-month weight
management trial.

Methods: Participants were adolescents (13-21 years) with mild to moderate ID
and overweight or obesity. Participants were randomized in a 1:1:1 allocation to
one of 3 intervention arms for an 18-month weight management trial: face-to-
face/conventional diet (FTF/CD), remote delivery/conventional diet (RD/CD),
or remote delivery/enhanced Stop Light Diet (RD/eSLD). Anthropometrics
were assessed at baseline 6, 12, and 18 months by staff blinded to the
intervention, and self-monitoring data was collected across the 18-month
study. As an unpowered, post-hoc, secondary analysis, two-sample t-tests
were used to compare the weight change across 6,12, and 18 mos. and
compliance across 18 mos. between adolescents with and without DS
randomized to each intervention arm.

Results: Adolescents with ID (n=110) were randomized to one of three
intervention arms: FTF/CD (n =36, DS=17, other ID=19), RD/CD (n =39,
DS =21, other ID=18) or RD/eSLD (n=235 DS=15, other ID=20). Body
weight at 18 months was obtained from 82%, 76% and 73% of participants
with DS and 847%, 83% and 75% of participants with other ID randomized to
the FTF/CD, RD/CD, and RD/eSLD arms, respectively Weight change across
18 months was —-0.2+88kg (-0.5%), —0.3+53kg (-0.7%), and —2.6 +
5.0 kg (=4.0%) in adolescents with DS randomized to the FTF/CD, RD/CD
and RD/eSLD arms, respectively. There were no significant differences in
change in body weight or BMI across 18 months between adolescents with
DS or those with other ID in any of the 3 intervention arms (all p>0.05).
Additionally, there were no significant differences in intervention compliance
between adolescents with and without DS across 18 mos. (all p>0.05).
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Conclusions: Adolescents with DS respond to a multi-component weight management
intervention similar to those with others ID

KEYWORDS

down syndrome, diet, physical activity, remote delivery, body composition, weight loss, weight

maintenance

Introduction

Down syndrome (DS), a genetic condition caused by extra
chromosome 21 material in all or some cells, is the most
with
intellectual disability (ID) (1) with an estimated prevalence of

common  chromosomal abnormality  associated
12.7 per 10,000 among children age 0-4 years in the United
States (2). The prevalence of overweight (BMI-for-age 85th—
94.9th percentile) and obesity (BMI-for-age >95th percentile)
in youth with DS (age 2-18 years) is high and higher than
rates observed in typically developing youth (3-7). For
example, a 2016 literature review which included 45 papers
published between 1988 and 2015 reported the combined
prevalence of overweight and obesity in children and
adolescents with DS ranged from 23% to 70% (6) while a
2021 report found the prevalence of overweight and obesity
was 49% in a sample of 122 youth with DS living in the
United States (4) compared with 39% in youth in the general
population (8). Overweight and obesity in youth with DS
increases the probability overweight and obesity in adulthood
and obesity associated conditions including sleep apnea, type
2 diabetes, Alzheimer’s disease, and increased mortality
(9, 10). For example, a recent report demonstrated that
overweight and obesity were associated with a 3-fold increase
in risk for sleep apnea and a 2-fold increase in risk for type 2
diabetes in adults with DS (4).

The etiology of obesity in youth with DS is unclear (11);
that a
combination of physiologic factors such as increased leptin,

however, currently available evidence suggests

decreased  resting  energy

incompetence and hypotonia,

expenditure,  chronotropic
lifestyle factors
consumption of a high calorie diet and low levels of physical

including

activity, and comorbidities associated with DS, including
hypothyroidism and congenital heart defects, likely play an
important role (6). Obesity typically develops in children with
DS around 2 years of age with their BMI percentile remaining
stable until puberty (~ age 12) when significant increases in
BMI percentile are frequently observed (3, 7, 12). The
increases in BMI percentile are likely associated with
decreased parental control over both dietary intake and
physical activity resulting in increased consumption of high
calorie unhealthy foods (12) and low levels of physical activity
observed in adolescents with DS (13). These observations
multi-

suggest that evidence-based treatments, such as

component weight management interventions which include
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recommendations for decreased energy intake, increased
physical activity and education/behavioral counseling, are
warranted for adolescents with IDD and overweight or
associated with DS
including hypotonia, hypothyroidism, decreased resting energy

obesity. Physiological characteristics
expenditure, increased leptin, chronotropic incompetence and
altered  gait the
management interventions in individuals with DS; however,
data the
interventions in individuals with DS is extremely limited.

may impact effectiveness of weight

regarding impact of weight management
Although several previous trials have demonstrated the
effectiveness of multi-component interventions for weight
management in samples of children, adolescents, and young
adults with a variety of IDs including DS, results have not
been reported by specific ID diagnosis (14-19). Data relative
to the effectiveness of multi-component weight management
interventions specifically for individuals with DS is limited to
one small sample trial which compared weight change across
6 and 12 months in adolescents and young adults with DS
(age 13-26 years) randomized to a 6 month nutrition and
physical activity education intervention (n =10) or a nutrition
and physical activity education plus parent-supported
behavioral intervention (n=11), followed by a 6-month no
contact follow-up (20). Weight change across both 6 and 12
months was minimal; however, significantly greater weight
change at 6 and 12 months was observed in the parent
supported (6 mos.=—3.4%; 12 mos.=—2.4%) compared with
the non-parent supported arm (6 mos.=+ 0.6%; 12 mos. =+
2.2%). We are unaware of any publications which have
compared the response to weight management interventions
and young adults with DS with

adolescents and young adults with other types of ID.

between adolescents

Our group recently completed an 18-month weight
management trial (6 mos. weight loss, 12 mos. weight
maintenance) designed to compare diet [conventional meal
plan diet (CD) vs. enhanced Stop Light diet(eSLD)] and
delivery strategy [individual face-to-face home visit (FTF) vs.
individual remote via FaceTime™ (RD)] in 110 adolescents
and young adults with ID randomized to one of three
intervention arms: FTF/CD, RD/CD, RD/eSLD. A detailed
description of the rationale, design, and methods for this trial
(21) and the results for our primary outcomes, weight change
at 6 and 18 months, have been published previously (22, 23).
Weight loss at 6 months was clinically relevant and
significantly greater in the eSLD compared with the CD arms
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when both interventions were delivered remotely: RD/eSLD
(—6.4%) vs. RD/CD (—2.4%, p=.01). However, 6-month
weight loss in the CD arms was minimal and did not differ
by delivery strategy: FTF/CD (—0.2%) vs. RD/CD (—2.4%, p =
0.20). Weight change across 12 months differed significantly
by diet (RD/eSLD: —7.0% vs. RD/CD: —1.1%, p=.002) but
not by delivery strategy (FTF/CD: +1.1% vs. RD/CD: —1.1%,
p=0.21). Weight change across 18 months was minimal in all
intervention arms and did not differ by diet (RD/eSLD:
—2.6% vs. RD/CD: —0.5%; p=0.28) or delivery strategy (FTF/
CD: +1.6% vs. RD/CD: —0.5%; p=0.47). The secondary
analysis reported herein compares weight change across 6,12,
and 18 months between participants with DS (n=53) and
participants with other types of ID (n =57) randomized to the
FTF/CD, RD/CD, and RD/eSLD arms.

Methods
Participant eligibility

Participants satisfying the following criteria were eligible for
this trial: Inclusion: Age 13-21 years with mild to moderate ID
(IQ 40-74), as verified by a primary care physician, body mass
index (BMI) >85th percentile on CDC growth charts (age <19
years) or >25 kg/m® (age >19 years), or waist circumference to
height ratio > 0.5 which indicates excess central adiposity in
children and adolescents (24, 25) and is commonly observed
in youth with DS (26), sufficient functional ability to
understand directions, communicate through spoken language,
living at home with a parent or guardian, and internet access
in the home. Exclusion: Type 1 diabetes, or Type 2 diabetes
treated with insulin, Prader-Willi Syndrome, participation in a
weight management program involving diet and physical
activity in the past 6 months, eating disorders, serious food
diets,
participate in moderate to vigorous physical activity. To

allergies, consuming special or the inability to
enhance the generalizability of our results individuals who
used medications for prevalent conditions associated with
obesity or other medications commonly prescribed for
individuals with ID were allowed to participate. Clearance

from a primary care physician was required for all participants.

Recruitment/randomization

Participants were recruited through contact with local
community programs serving adolescents with ID and using
print and web advertisements in the target area. Participants
were randomized to intervention arms after providing signed
informed parental consent/adolescent assent and written
physician clearance. Randomization was stratified by BMI
(<95th  percentile >95th percentile) for

percentile V.
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participants aged 19 and younger and by BMI (25.0-29.9 kg/m*
vs. >30 kg/m®) for participants 19 and over. For adolescents
with DS, BMI percentile was calculated using the standard CDC
growth chart rather, rather than the DS specific growth chart
(27) since the DS specific growth charts do not appear to
provide better classification of weight status or health risk for
youth with DS over the age of 10 compared to the standard
CDC growth chart (28, 29). This trial, which was approved by
the University’s Institutional Review Board and registered on
(NCT02561754), the
University’s local metropolitan area from November 2015 to
May 2021.

clinicaltrials.gov was conducted in

Intervention components

Diet

Energy intake

Energy intake for weight loss (0-6 mos.) was prescribed at 500-
700 kcal/d below total daily energy expenditure estimated using
the Dietary Reference Intake (DRI) total energy intake equation
for overweight boys/girls (30). Recommended energy intake for
weight maintenance (7-18 mos.) was estimated using the DRI
equation based on participant weight at 6 months with
consideration for adolescent growth and development and
adjusted as required based on observed changes in weight
across the weight maintenance intervention.

Enhanced stop light diet (eSLD)

Participants randomized to the eSLD arm were asked to follow the
Stop Light Diet (SLD) (31), which categorizes foods by energy
content: green (low energy, consume freely), yellow (moderate
energy, consume in moderation), and red (high energy,
consume sparingly). The SLD was enhanced by encouraging the
consumption of high volume, low energy portion-controlled
entrées and shakes (HMR Weight Management Services Corp,
Boston, MA) and fruits and vegetables. Participants were
encouraged to consume a minimum of 2 entrées (200-270 kcal
each), 2 shakes (~100 kcal each), and 5 one-cup servings of
fruits and vegetables each day, as well as lower energy foods
(green/yellow) from a chart with pictures of foods that were
color-coded based on the SLD system.

Conventional meal plan diet (CD)
Participants randomized to the CD arms were asked to consume
a nutritionally balanced, reduced energy diet which followed
the the USDA  website
ChooseMyPlate.gov Dietary Guidelines

recommendations found on
(32) and the
Americans (33). Participants were provided with examples of

for

meal plans consisting of suggested servings of grains, proteins,
fruits and vegetables, dairy, and fats based on their energy needs
and were counseled on appropriate portion sizes required to
achieve the prescribed level of energy reduction. During weight
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maintenance, participants were asked to continue using a CD as
recommended during weight loss; however, suggested servings of
grains, proteins, fruits and vegetables, dairy, and fats were
recalculated based on their energy needs for weight maintenance.

Physical activity

Participants in each intervention arm were asked to reach a
target of 60 min./day of moderate-to-vigorous intensity physical
activity at least 5 days/wk. (total 300 min/wk.) as recommended
by the United States Department of Health and Human Services
(34). The recommendation progressed from 15 min/day-3 days/
wk. at week one (or current activity level if higher) to 60 min/
day-5 days/wk. at week 12 and remained at that level through
18 months.

Education/behavioral counseling

Health educators

Participants were assigned to an individual health educator for
the duration of the study. Health educators were registered
dietitians, occupational therapists, and individuals with a
degree in exercise Science, kinesiology, psychology, or applied
behavior analysis. All health educators receive IDD specific
training by two dietitians who specialize in working with
individuals with IDD. Additionally, they received weight
management specific training by shadowing a comprehensive
with
practitioners, physician assistants, and dietitians certified in

weight  management  clinic physicians,  nurse
obesity and weight management for 3-6 months. Health
educators were randomly assigned to participants in each of
the 3 intervention arms to diminish the potential for health
educator bias. All health educator/participant sessions were
recorded, and intervention fidelity was assessed by comparing
recordings with a check list of content to be delivered. On
average, behavioral education sessions delivered 96% of the
scheduled content. Eighty percent or more of scheduled

content was delivered in all behavioral sessions.

Education sessions

Participants and parents in all intervention arms were asked to
attend ~30-45 min. sessions with a health educator twice each
month for the first 12 months, and monthly during months 13-
18. All participants received an iPad® (Apple Inc, Cupertino,
CA), provided by the trial. The RD arms were delivered using
FaceTime™ on an iPad® while the FTF arm was delivered
during a home visit. Behavioral session content and duration
were identical in all 3 intervention arms and included
strategies to improve weight loss, e.g., social support, self-
monitoring, planning, environmental control, self-efficacy, etc.
In addition to the lesson, health educators reviewed self-
monitoring data for diet, physical activity, and weight in order
to answer questions, problem-solve, and provide support).
COVID-19 prohibited FTF with
participants between March and June 2020. Therefore, during

restrictions contacts
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this period all sessions with participants in the FTF arm were
conducted by telephone. Participants who were uncomfortable
with attending FTF meetings following the lifting of the
COVID-19
telephone meetings from July 2020 through the completion of
the trial (May 2021).

restrictions were allowed to continue with

Self-monitoring

RD arms

Participants, with the help of a parent (if needed), were asked to
record all food and beverages consumed on the iPad® using the
Lose It! app (Fitnow, Boston MA). Self-monitoring of physical
activity was completed using a Fitbit” Charge HR wireless
activity tracker (Google, LLC, Mountain View, CA) worn on the
wrist. To provide feedback regarding weight change, participants
in the RD arms were weighed during the FaceTime™
education/behavioral counseling sessions using a calibrated
wireless digital scale (Model: WS-30, Withings Inc. Cambridge,
MA). Self-monitoring data was accessible to health educators to
inform participant counseling during behavioral sessions.

FTF arm
Participants, with the help of a parent (if needed), were asked to
record daily number of servings of each food group consumed,
minutes of daily physical activity, and the number of steps each
day assessed by pedometer provided by the trial (Omron HJ-
320, Lake Forest, IL) using a hard copy sheets which were
developed for individuals with ID (21, 35) and contained
pictorial representations of each food category for assistance.
Body weight was monitored using a calibrated digital scale
(Model #PS6600, Belfour, Saukville, WTI)
behavioral FTF participants who

during each
session. completed
behavioral sessions by telephone, ie., COVID protocol,
verbally provided self-monitoring data to the health educator;
however, body weight, typically obtained during FTF sessions,
was unavailable for sessions conducted by telephone. Self-
monitoring records were reviewed with participants during

each behavioral session to provide feedback and counseling.

Outcome assessments

Demographics/ID diagnosis

Parents completed a brief survey to obtain participant age,
race/ethnicity, sex and ID diagnosis. The parent reported ID
diagnosis was verified by the participant’s primary care
who also clearance  for

physician provided medical

participation in the intervention.

Anthropometrics

Weight, height, and waist circumference were assessed
during FTF home visits at baseline, 6, 12, and 18 months by
trained staff blinded to the intervention arm. Weight was
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measured in duplicate to the nearest 0.1 kg using a calibrated
digital scale (Model #PS6600, Belfour, Saukville, WI) with
participants wearing shorts and a t-shirt. Standing height was
measured in duplicate with a portable stadiometer (Model
#IP0955, Invicta Plastics Limited, Leicester, UK). BMI was
calculated as weight in kilograms divided by height in meters
squared (kg/m®) and BMI- z score was calculated using the
Center for Disease Control’s (CDCs) growth charts (36).

Process outcomes

The percentage of behavioral sessions attended, and the
percentage of days participants provided self-monitoring data
for diet and physical activity across the 18-month intervention
were calculated from health educator records.

Analysis

This is an unpowered post-hoc analysis to compare weight
loss and intervention compliance between adolescents with
and without DS. Sample characteristics and outcomes were
summarized using means and standard deviations for
continuous variables and frequencies and percentages for
categorical variables. Separate two sample ¢-tests were used to
compare the changes in body weight and BMI between
adolescents with DS (n=53) and those with other ID (n =57,
42 Autism, 15 other ID) randomized to the FTF/CD, RD/CD,
and RD/eSLD arms across 6,12, and 18 months. Differences
between adolescents with DS and other ID for changes in
BMI-z score were not analyzed as BMI-z score has been
shown to be a poor indicator of change in weight status in
children and adolescents (37). Between group differences in
session attendance and self-monitoring of both diet and
physical activity in each intervention group across 18 months
were also evaluated using two-sample t-tests. All analyses were

conducted using SAS 9.4 (Cary, NC).

Results
Participants

Adolescents with ID (n=110) were randomized to one of
three intervention arms: FTF/CD (n =36, DS=17, other ID =
19), RD/CD (n=39, DS =21, other ID=18) or RD/eSLD
(n=35, DS=15, other ID=20). Figure 1 illustrates the
participant flow in the three intervention arms across the
18-month trial. Body weight at 18 months was obtained from
82%, 76% and 73% of participants with DS and 84%, 83%
and 75% of participants with other ID randomized to the
FTF/CD, RD/CD, and RD/eSLD arms, respectively. Baseline
characteristics of participants with DS or other ID by
intervention arm are presented in Table 1. Participants
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were~16 years of age, 52% female, 88% white with a BMI
of~32 kg/m>. Baseline weight was significantly greater in
adolescents with other ID (92.6 +26.5kg) compared with
those with DS (71.1 +17.6 kg, p=0.004); however, there were
no significant baseline differences between groups in BMI or
BMI-z scores.

Comparison of weight change between adolescents with
DS or other ID (Table 2, Figure 2).
significant differences in change in body weight or BMI across

We observed no

6, 12 or 18 months between adolescents with DS or those
with other ID in any of the 3 intervention arms (all p > 0.05).
Six-month weight change was 0.2+3.4kg (0.5%), —1.8+
3.1 kg (—2.8%), and —5.1 +4.2 kg (=7.5%) in adolescents with
DS and —-0.7+6.1kg (—0.7%), —1.8+49kg (—2.0%) and
—49+7.1kg (-5.6%) in adolescents with other ID
randomized to the FTF/CD, RD/CD, and RD/eSLD arms,
respectively. Weight change across 12 months was —0.6 +
55kg (=0.4%), —0.5+4.1kg (-2.0%), and —4.0+6.1 kg
(—6.4%) in adolescents with DS and —2.8+9.8kg (2.3%),
-1.0+54kg (-1.5%) and —64+6.6kg (-7.6%) in
adolescents with other ID randomized to the FTF/CD, RD/
CD and RD/eSLD arms, respectively. Weight change across 18
months was —0.2 + 8.8 kg (—=0.5%), —0.3 £ 5.3 kg (—0.7%), and
—2.6+50kg (—4.0%) in adolescents with DS and +2.8
106kg (+2.6%), +0.4+8kg (+0.1%), ~1.8+89kg
(—1.5%) in adolescents with other ID randomized to the FTF/
CD, RD/CD and RD/eSLD arms, respectively. Figure 3
demonstrates a high degree of individual variability in weight

and

change across 6, 12, and 18 months that is similar in both

participants with DS and other ID across the three
intervention arms.

Adherence to intervention components (Table 3).
Adherence with intervention components was general high
and ranged from 78% to 88% for attendance at education/
65% to 85% self-

monitoring of diet, and 68% to 81% for self-monitoring of

behavioral counseling sessions, for
physical activity. There were no statistically significant
differences between participants with DS and those with other
ID for these adherence measures in any of the three
intervention arms (all p > 0.05).

Discussion

The results of this analysis indicate that weight change,
attendance at educational/behavioral counseling sessions and
compliance with self-monitoring of diet and physical activity
in response to an 18-month weight management
intervention did not differ significantly between adolescents/
young adults with DS and adolescents/young adults with
other types of ID. Similar results were observed across two
energy reduced diets (CD vs. eSLD) and two strategies for

the delivery of educational/behavioral counseling (FTF vs.
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Assessed for eligibility
(n=216)

Excluded (n=106)

¢ Not meeting
—l inclusion criteria (n=59)
¢ Declined to
participate (n=47)

Randomized
(n=110)

Allocation

Allocated to FTF/CD Allocated to RD/CD Allocated to RD/eSLD
¢ Down syndrome (n=17) e Down syndrome (n=21) * Down syndrome (n=15)
e Other IDD (n=19) ¢ Other IDD (n=18) e Other IDD (n=20)

.
“secscescsessesvsoesenssee® “seeseetvseseesosossenssee® “seeeesesessesosessevesee®

e®8000000s,

®asssssces?®
ssssssees
sssssssss

Follow-Up 1: 6 months

Body weight collected Body weight collected Body weight collected
+ Down syndrome (n=16) * Down syndrome (n=21) e Down syndrome (n=13)
+ Other IDD (n=19) e Other IDD (n=18) e Other IDD (n=17)

Follow-Up 2: 12 months

Body weight collected Body weight collected Body weight collected
e Down syndrome (n=14) ¢ Down syndrome (n=18) * Down syndrome (n=12)
e Other IDD (n=18) e Other IDD (n=16) * Other IDD (n=14)

Follow-Up 3: 18 months

Body weight collected Body weight collected Body weight collected
¢ Down syndrome (n=14) ¢ Down syndrome (n=16) * Down syndrome (n=11)
e Other IDD (n=16) e Other IDD (n=16) » Other IDD (n=15)

FIGURE 1
Consort diagram.

FaceTime™). Our results suggest weight loss across 6 adolescents with DS and other types of ID who complete a
(=7.5%), 12 (—6.4%) and 18 months (—4.0%) of a magnitude multi-component weight management intervention using an
potentially associated with clinical benefits (e.g. lower blood eSLD  with  remotely delivered education/behavioral
pressure, LDL, fasting glucose) (38) can be achieved in both counseling (RD/eSLD). Weight loss was achieved in

Frontiers in Pediatrics 06 frontiersin.org


https://doi.org/10.3389/fped.2022.1022738
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ptomey et al.

10.3389/fped.2022.1022738

TABLE 1 Baseline characteristics of adolescents with down syndrome (DS) or other intellectual disabilities (ID) by intervention arm.

Face-to-face/conventional diet

Remote delivery/conventional diet

Remote delivery/enhanced stop

light diet
DS (n=17) OtherID (n=19) DS (n=21) OtherID (n=18) DS (n=15) Other ID (n=20)
M=SD/% (n)  M=+SD/% (n)  M=+SD/% (n) M=+SD/% (n)  M=+SD/% (n)  M+SD/% (n)

Age (years) 16.2+3.2 16.4+22 157+ 1.7 15.6 £ 1.7 17.1+25 16.5+25
Sex

Male 47% (8) 63% (12) 29% (6) 50% (9) 47% (7) 50% (10)

Female 53% (9) 37% (7) 71% (15) 50% (9) 53% (8) 50% (10)
Race

White 88% (15) 79% (15) 95% (20) 100% (18) 80% (12) 85% (17)

Black 12% (2) 5% (1) 0% (0) 0% (0) 13% (2) 10% (2)

Two or more Races 0% (0) 16% (3) 4.8% (1) 0% (0) 7% (1) 5% (1)
Ethnicity

Not Hispanic/latino 88% (15) 100% (19) 91% (19) 100% (18) 93% (14) 85% (17)

Hispanic/latino 12% (2) 0% (0) 9% (2) 0% (0) 7% (1) 15% (3)
Weight (kg) 729+242 105.0 +£29.7 67.2+13.8 842+17.8 72.1+159 89.4+31.5
BMI (kg/mz) 31.9+10.1 362+7.0 30.7+5.6 312+75 30.1+6.3 32.3+89
BMI z-score® 1.86 +£0.57 2.24+0.56 1.78 £0.42 1.87 +0.63 1.86 £0.45 1.98 +0.56

®Calculated for participants < 19 years of age (FTF/CD = 30, RD/CD = 38, RD/eSLD = 27).

TABLE 2 Change in weight and BMI across 6, 12 and 18 months in adolescents down syndrome (DS) and other intellectual disability (ID) by

intervention arm.

Face-to-face/conventional diet

Remote delivery/conventional diet

Remote delivery/enhanced stop light

diet
DS Other ID p-Value DS Other ID  p-Value DS Other ID  p-Value
n M(SD) n M(SD) n M(SD) n M (SD) n M(SD) n M (SD)

Across 6-months (0-6 mos.)

A Weight (kg) 16 0.2 (3.4) 19 —0.7 (6.1) 0.63 21 -1.8(3.1) 18 -1.8(4.9) 0.99 13 —-51(42) 17 —-49(71) 0.93
A Weight (%) 16 0.5 (5.1) 19 —0.7 (5.8) 0.52 21 -2.8(48) 18 -2.0(55) 0.66 13 -75(63) 17 —5.6(9.0) 0.55
A BMI (kg/mz) 16 -0.2 (1.5) 18 —0.5(1.8) 0.58 18 —-1.0(1.3) 18 -0.8(2.0) 0.77 12 -23(22) 17 =21(27) 0.81
Across 12-months (0-12 mos.)

A Weight (kg) 14 -0.6 (5.5) 18 2.8(9.8) 0.26 18 —0.5(41) 16 -1.0(54) 0.77 12 —-4.0(6.1) 14 —6.4(6.6) 0.36
A Weight (%) 14 —04(80) 18 23(9.9) 0.41 18 —08(64) 16 —15(67) 0.74 12 —64(82) 14 -76(77) 0.68
A BMI (kg/mz) 14 -08(23) 15 —0.1 (2.6) 0.46 18 —-0.5(2.0) 12 -1.1(25) 0.49 10 —-19(3.0) 12 -261(27) 0.61
Across 18-months (0-18 mos.)

A Weight (kg) 14 -0.2 (8.8) 16 2.8 (10.6) 0.42 16 -03(53) 16 0.4 (8.0) 0.76 11 -26(50) 15 —1.8(8.9) 0.79
A Weight (%) 14  -05(13.0) 16 2.6 (12.1) 0.65 16 -0.7(82) 16 0.1 (9.5 0.80 11 —4.0(72) 15 =15 (12.5) 0.55
ABMI (kg/m®) 10 —04(42) 16 0.1 (2.6) 0.74 14 -04(23) 16 -06(28) 0.87 10 -15(25) 15 -12(29) 0.82

adolescents with DS in spite of the presence of potential
obesogenic physiologic characteristics associated with DS
including hypotonia, decreased

hypothyroidism, resting

energy expenditure, increased leptin, and chronotropic
incompetence. However, additional trials will be required to
evaluate strategies to minimize weight regain after 12
months that was observed in both adolescents with DS and

other types of ID in the RD/eSLD arm. In contrast to our
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results using the eSLD, weight change across 6, 12 and 18
months was minimal (<3%) in both adolescents with DS and
other types of ID using a CD delivered either remotely or FTF.

We are unaware of previous trials which have compared
weight change between adolescents with DS and those with
other types of ID in response to a multi-component weight
management intervention. The minimal weight loss across 6
and 12 months observed in adolescents with DS in the
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Percent weight change in adolescents with down syndrome (DS) or other intellectual disability (ID) across 18-months by intervention arm.

current trial using a CD delivered both FTF and remotely is
consistent with the results reported by Curtin et al. (20) who
observed minimal 6 and 12 month weight loss in 21
adolescents and young adults randomized to a CD with (6
mos. = —3.4%; 12 mos. = —2.4%) and without parental support
(6 mos. =+ 0.6%; 12 mos. = +2.2%). Our observation of similar
weight change in adolescents/young adults with DS and those
with other types of ID are in agreement with results from a
previously published secondary analysis of data (39) from an
18-month multi-component weight management intervention
(6 mos. weight loss, 12 mos. maintenance) in adults with ID
(age ~37 years., BMI ~37 kg/m®) completed by our group (40,
41). For this analysis we estimated a propensity score for the
probability of having DS or other types of ID for each
participant using a logistic regression model including the
following baseline variables as covariates: age, sex, race/
ethnicity, BMI, and original study randomization group (eSLD
or CD). The analytic cohort included 124 participants, 21 with
DS and 103 with other ID. Successful propensity matches were
obtained for 20 of the 21 participants with DS. Results
indicated weight loss across 18 months was clinically relevant
(>5%) and did not differ significantly between adults with DS
(—=5.2%) or other types of ID (—6.8%; p=0.39). Thus, the
limited available evidence suggests that adolescents with DS or
other types of ID respond to multi-component weight
management interventions in similar manner.

Strengths of this analysis include the use of data from long-
term intervention (18 mos.) that was tailored to the cognitive
abilities of adolescents with ID and included both a weight loss
(6 mos.) and weight maintenance phase (12 mos.), a similar
number of adolescents with DS (n =53,48%) and other types of
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ID (n=57, 52%), and a high rate of participant retention
which ranged from 94% at 6 months to 80% at 18 months.
This paper describes results from an unpowered secondary
analysis from a randomized trial in a sample of 110 adolescents
(n=53 DS, n=57 other ID) that was not specifically designed
to evaluate differences in weight change between adolescents
with DS and other types of ID. Thus, our sample size for
comparisons of weight change between adolescents with DS
and other types of ID was small averaging 15 participants with
DS and 17 participants with other types of ID within each of
the three intervention arms at 6, 12, and 18 months which
represents a potential limitation. Additionally, our results are
based on a sample of adolescents with mild-to-moderate 1D
and overweight/obesity living at home with a parent, who
volunteered to participate in a weight management trial. Thus,
these results may not be generalizable to adolescents with more
severe ID, those living in group homes or other living
arrangements, or outside of the context of a research trial.

In summary, despite physiologic characteristics associated
with DS that may contribute to the development of obesity and
hinder the ability to lose weight, the results of this analysis
suggest that adolescents with DS can achieve potentially
clinically meaningful weight loss across 18 months in
response to a multi-component weight management
intervention tailored to their cognitive ability using an eSLD
with remotely delivered education/behavioral counseling.
Additional trials/analyses to confirm these results and to
evaluate the influence of factors such as ID severity and
living arrangement and to explore strategies to minimize
weight regain observed during the final 6 months of the

weight maintenance intervention are warranted.
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TABLE 3 Adherence to intervention components in adolescents with down syndrome (DS) or other intellectual disability (ID) across 18-months by
intervention arm.

Face-to-face/conventional diet Remote delivery/conventional ~ Remote delivery/enhanced stop

diet light diet
DS Other ID  p-Value DS Other ID  p-Value DS Other ID  p-Value
M (SD) M (SD) M (SD) M (SD) M (SD) M (SD)
Behavioral session attendance 88% (11%) 83% (11%) 0.45 78% (23%) 82% (14%) 0.50 87% (15%) 83% (18%) 0.46
Dietary self-monitoring 85% (25%)  69% (35%) 022 65% (32%)  75% (26%) 031 80% (27%)  69% (35%) 037
Physical activity self-monitoring ~ 81% (25%)  73% (32%) 0.47 73% (28%)  68% (25%) 0.59 80% (25%)  73% (32%) 0.50
Data availability statement Funding
Deidentified individual participant data (including data This study is funded by the National Institutes of Child
dictionaries) will be made available, in addition to study Health and Development (HD079642), National Institute of
protocols, the statistical analysis plan, and the informed Aging (AG036909) and the National Center for Advancing
consent form. The data will be made available upon Translational Science (TLITR002368).

publication to researchers who provide a methodologically

sound proposal for use in achieving the goals of the approved

proposal. Proposals should be submitted to the corresponding Acknowledgments
author at Iptomey@kumc.edu.

We would also like to acknowledge Dr. Jeannine Goetz, Dr.
Debra Sullivan, Dr. Cheryl Gibson, Ms. Jessica Danon, Mr.
Joseph Sherman, Mr. Andrew Collie, Ms. Rachel Foster, Ms.
Lauren Keller, Ms. Kirstin Reitmeier, Ms. Randi Grey, and
Ms. Leah Osborne for their assistance with data collection and
delivery of the intervention.

Ethics statement

The studies involving human participants were reviewed
and approved by The University of Kansas Medical Center
Institutional Review Board. Written informed consent to Conflict of interest
participate in this study was provided by the participants’

legal guardian/next of kin. The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Author contributions _
Publisher’s note
LTP, RAW, and JPD conceptualized and designed the study,

coordinated and supervised data collection drafted the initial All claims expressed in this article are solely those of the
manuscript, and reviewed and revised the manuscript. AMG, authors and do not necessarily represent those of their
AEB, KBS, BCH, AMR, and MH designed the data collection affiliated organizations, or those of the publisher, the editors
instruments, collected data, carried out the initial analyses, and the reviewers. Any product that may be evaluated in this
and reviewed and revised the manuscript. All authors article, or claim that may be made by its manufacturer, is not
contributed to the article and approved the submitted version. guaranteed or endorsed by the publisher.
References
1. Bull MJ. Down syndrome. N Engl ] Med. (2020) 382(24):2344-52. doi: 10. 3. Basil JS, Santoro SL, Martin L], Healy KW, Chini BA, Saal HM. Retrospective
1056/NEJMral706537 study of obesity in children with down syndrome. J Pediatr. (2016) 173:143-8.
2. de Graaf G, Buckley F, Dever J, Skotko BG. Estimation of live birth and doi: 10.1016/j.jpeds.2016.02.046
population prevalence of down syndrome in nine U.S. States. Am ] Med Genet 4. Ptomey L, Walpitage D, Mohseni M, Dreyer Gillette M, Davis AM, Forseth B,
A. (2017) 173(10):2710-9. doi: 10.1002/ajmg.a.38402 et al. Weight status and associated comorbidities in children and adults with down

Frontiers in Pediatrics 10 frontiersin.org


mailto:lptomey@kumc.edu
https://doi.org/10.1056/NEJMra1706537
https://doi.org/10.1056/NEJMra1706537
https://doi.org/10.1002/ajmg.a.38402
https://doi.org/10.1016/j.jpeds.2016.02.046
https://doi.org/10.3389/fped.2022.1022738
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

Ptomey et al.

syndrome, autism spectrum disorder and intellectual and developmental
disabilities. J Intellect Disabil Res. (2020) 64(9):725-37. doi: 10.1111/jir.12767

5. Hill DL, Parks EP, Zemel BS, Shults J, Stallings VA, Stettler N. Resting energy
expenditure and adiposity accretion among children with down syndrome: a 3-year
prospective study. Eur J Clin Nutr. (2013) 67(10):1087-91. doi: 10.1038/ejcn.2013.137

6. Bertapelli F, Pitetti K, Agiovlasitis S, Guerra-Junior G. Overweight and obesity
in children and adolescents with down syndrome—prevalence, determinants,
consequences, and interventions: a literature review. Res Dev Disabil. (2016)
57:181-92. doi: 10.1016/j.ridd.2016.06.018

7. Pierce M, Ramsey K, Pinter J. Trends in obesity and overweight in Oregon
children  with  down  syndrome. Glob  Pediatr  Health.  (2019)
6:2333794x19835640. doi: 10.1177/2333794X19835640

8. Fryar CD, Carroll MD, Ogden CL. Prevalence of overweight, obesity, and
severe obesity among children and adolescents aged 2-19 years: United States,
1963-1965 through 2015-2016. 2018.

9. Epstein LH, Paluch RA, Roemmich JN, Beecher MD. Family-based obesity
treatment, then and now: twenty-five years of pediatric obesity treatment.
Health Psychol. (2007) 26(4):381-91. doi: 10.1037/0278-6133.26.4.381

10. Meyer JF, Larsen SB, Blond K, Damsgaard CT, Bjerregaard LG, Baker JL.
Associations between body mass index and height during childhood and
adolescence and the risk of coronary heart disease in adulthood: a systematic
review and meta-analysis. Obes Rev. (2021) 22(9):e13276. doi: 10.1111/0br.13276

11. Moreau M, Benhaddou S, Dard R, Tolu S, Hamzé R, Vialard F, et al.
Metabolic diseases and down syndrome: how are they linked together?
Biomedicines. (2021) 9(2):221. doi: 10.3390/biomedicines9020221

12. Grammatikopoulou MG, Manai A, Tsigga M, Tsiligiroglou-Fachantidou A,
Galli-Tsinopoulou A, Zakas A. Nutrient intake and anthropometry in children
and adolescents with down syndrome-a preliminary study. Dev Neurorehabil.
(2008) 11(4):260-7. doi: 10.1080/17518420802525526

13. Pitetti K, Baynard T, Agiovlasitis S. Children and adolescents with down
syndrome, physical fitness and physical activity. J Sport Health Sci. (2013) 2
(1):47-57. doi: 10.1016/j.jshs.2012.10.004

14. Hinckson EA, Dickinson A, Water T, Sands M, Penman L. Physical activity,
dietary habits and overall health in overweight and obese children and youth with
intellectual disability or autism. Res Dev Disabil. (2013) 34(4):1170-8. doi: 10.
1016/j.ridd.2012.12.006

15. Lee RL, Leung C, Chen H, Louie LHT, Brown M, Chen JL, et al. The impact
of a school-based weight management program involving parents via mHealth for
overweight and obese children and adolescents with intellectual disability: a
randomized controlled trial. Int ] Environ Res Public Health. (2017) 14
(10):1178. doi: 10.3390/ijerph14101178

16. Myers RE, Karazsia BT, Kim E, Jackman MM, McPherson CL, Singh NN. A
telehealth parent-mediated mindfulness-based health wellness intervention for
adolescents and young adults with intellectual and developmental disabilities.
Adv Neurodev Disord. (2018) 2(3):241-52. doi: 10.1007/s41252-018-0060-x

17. Ptomey LT, Sullivan DK, Lee ], Goetz JR, Gibson C, Donnelly JE. The use of
technology for delivering a weight loss program for adolescents with intellectual
and developmental disabilities. ] Acad Nutr Diet. (2015) 115(1):112-8. doi: 10.
1016/jjand.2014.08.031

18. Bandini LG, Eliasziw M, Dittrich GA, Curtin C, Maslin M, Must A, et al. A
family-based weight loss randomized controlled trial for youth with intellectual
disabilities. Pediatr Obes. (2021):12816. doi: 10.1111/ijpo.12816

19. Sanner CM, Neece CL, Herbozo S, Baum MF. A pilot study of enhanced
operation fit: the feasibility of a camp-based health intervention for ethnically
diverse families of children with intellectual and developmental disabilities.
J Appl Res Intellect Disabil. (2021) 34(2):624-33. doi: 10.1111/jar.12832

20. Curtin C, Bandini LG, Must A, Gleason J, Lividini K, Phillips S, et al. Parent
support improves weight loss in adolescents and young adults with down
syndrome. ] Pediatr. (2013) 163(5):1402-8.el. doi: 10.1016/j.jpeds.2013.06.081

21. Donnelly J, Ptomey L, Goetz J, Sullivan D, Gibson C, Greene J, et al. Weight
management for adolescents with intellectual and developmental disabilities:
rationale and design for an 18 month randomized trial. Contemp Clin Trials.
(2016) 51:88-95. doi: 10.1016/j.cct.2016.10.009

22. Ptomey L, Washburn R, Goetz ], Gibson C, Mayo M, Krebill R, et al. A
randomized trial comparing diet and delivery strategies for weight management
in adolescents with intellectual disabilities. Pediatr Obes. (2022):€12972. doi: 10.
1111/ijpo.12972

Frontiers in Pediatrics

11

10.3389/fped.2022.1022738

23. Ptomey LT, Washburn RA, Goetz JR, Sullivan DK, Gibson CA, Mayo MS,
et al. Weight loss interventions for adolescents with intellectual disabilities: an
RCT. Pediatrics. (2021) 148(3):¢2021050261. doi: 10.1542/peds.2021-050261

24. Mokha JS, Srinivasan SR, Dasmahapatra P, Fernandez C, Chen W, Xu J,
et al. Utility of waist-to-height ratio in assessing the status of central obesity
and related cardiometabolic risk profile among Normal weight and overweight/
obese children: the Bogalusa heart study. BMC Pediatr. (2010) 10:73. doi: 10.
1186/1471-2431-10-73

25. Nambiar S, Hughes I, Davies PS. Developing waist-to-height ratio cut-offs to
define overweight and obesity in children and adolescents. Public Health Nutr.
(2010) 13(10):1566-74. doi: 10.1017/S1368980009993053

26. Gonzdlez-Agiiero A, Ara I, Moreno LA, Vicente-Rodriguez G, Casajus JA.
Fat and lean masses in youths with down syndrome: gender differences. Res
Dev Disabil. (2011) 32(5):1685-93. doi: 10.1016/j.ridd.2011.02.023

27. Zemel BS, Pipan M, Stallings VA, Hall W, Schadt K, Freedman DS, et al.
Growth charts for children with down syndrome in the United States.
Pediatrics. (2015) 136(5):e1204-11. doi: 10.1542/peds.2015-1652

28. Hatch-Stein JA, Zemel BS, Prasad D, Kalkwarf HJ, Pipan M, Magge SN, et al.
Body composition and BMI growth charts in children with down syndrome.
Pediatrics. (2016) 138(4):e20160541. doi: 10.1542/peds.2016-0541

29. Bull MJ, Trotter T, Santoro SL, Christensen C, Grout RW, Council On G,
et al. Health supervision for children and adolescents with down syndrome.
Pediatrics. (2022) 149(5):€2022057010. doi: 10.1542/peds.2022-057010

30. Institute of Medicine. Dietary reference intakes for energy, carbohydrate,
fiber, fat, fatty acids, cholesterol, protein, and amino acids (macronutrients).
Washington DC: The National Academies Press (2002).

31. Epstein L, Squires S. The stoplight diet for children: An eight-week program
for parents and children. Boston: Little Brown & Co (1988).

32. US. Department of Agriculture. Choose MyPlate. Washington DC: US
Department of Agriculture. Website of the US Government. (2013). Available
at: www.choosemyplate.gov

33. Dietary Guidelines Advisory Committee. Report of the dietary guidelines
advisory committee on the dietary guidelines for Americans, 2010, to the
secretary of agriculture and the secretary of health and human services.
Washington DC: Agricultural Research Service (2010).

34. United States Department of Health and Human Services. Physical
activity guidelines advisory committee report to the Secretary of Health and
Human  Services, 2008  (2008).  http:www.health.gov/PAGuidelines/
committeereport.aspx

35. Saunders RR, Saunders MD, Donnelly JE, Smith BK, Sullivan DK, Guilford
B, et al. Evaluation of an approach to weight loss in adults with intellectual or
developmental disabilities. Intellect Dev Disabil. (2011) 49(2):103-12. doi: 10.
1352/1934-9556-49.2.103

36. Kuczmarski RJ. CDC growth charts: United States: US Department of
Health and Human Services, Centers for Disease Control and ...; (2000).

37. Vanderwall C, Eickhoff J, Randall Clark R, Carrel AL. BMI z-score in obese
children is a poor predictor of adiposity changes over time. BMC Pediatr. (2018)
18(1):1-6. doi: 10.1186/s12887-018-1160-5

38. Donnelly JE, Blair SN, Jakicic JM, Manore MM, Rankin JW, Smith BK.
American College of sports medicine position stand. Appropriate physical
activity intervention strategies for weight loss and prevention of weight regain
for adults. Med Sci Sports Exercise. (2009) 41(2):459-71. doi: 10.1249/MSS.
0b013e3181949333

39. Ptomey LT, Willis EA, Sherman JR, White DA, Donnelly JE. Exploring the
effectiveness of an 18-month weight management intervention in adults with
down syndrome using propensity score matching. J Intellect Disabil Res. (2020)
64(3):221-33. doi: 10.1111/jir.12713

40. Donnelly JE, Saunders RR, Saunders M, Washburn R, Sullivan D,
Gibson C, et al. Weight management for individuals with intellectual and
developmental disabilities: rationale and design for an 18 month
randomized trial. Contemp Clin Trials. (2013) 36(1):116-24. doi: 10.1016/j.
cct.2013.06.007

41. Ptomey LT, Saunders RR, Saunders M, Washburn RA, Mayo MS, Sullivan
DK, et al. Weight management in adults with intellectual and developmental
disabilities: a randomized controlled trial of two dietary approaches. ] Appl Res
Intellect Disabil. (2018) 31:82-96. doi: 10.1111/jar.12348

frontiersin.org


https://doi.org/10.1111/jir.12767
https://doi.org/10.1038/ejcn.2013.137
https://doi.org/10.1016/j.ridd.2016.06.018
https://doi.org/10.1177/2333794X19835640
https://doi.org/10.1037/0278-6133.26.4.381
https://doi.org/10.1111/obr.13276
https://doi.org/10.3390/biomedicines9020221
https://doi.org/10.1080/17518420802525526
https://doi.org/10.1016/j.jshs.2012.10.004
https://doi.org/10.1016/j.ridd.2012.12.006
https://doi.org/10.1016/j.ridd.2012.12.006
https://doi.org/10.3390/ijerph14101178
https://doi.org/10.1007/s41252-018-0060-x
https://doi.org/10.1016/j.jand.2014.08.031
https://doi.org/10.1016/j.jand.2014.08.031
https://doi.org/10.1111/ijpo.12816
https://doi.org/10.1111/jar.12832
https://doi.org/10.1016/j.jpeds.2013.06.081
https://doi.org/10.1016/j.cct.2016.10.009
https://doi.org/10.1111/ijpo.12972
https://doi.org/10.1111/ijpo.12972
https://doi.org/10.1542/peds.2021-050261
https://doi.org/10.1186/1471-2431-10-73
https://doi.org/10.1186/1471-2431-10-73
https://doi.org/10.1017/S1368980009993053
https://doi.org/10.1016/j.ridd.2011.02.023
https://doi.org/10.1542/peds.2015-1652
https://doi.org/10.1542/peds.2016-0541
https://doi.org/10.1542/peds.2022-057010
http://www.choosemyplate.gov
http:www.health.gov/PAGuidelines/committeereport.aspx
http:www.health.gov/PAGuidelines/committeereport.aspx
https://doi.org/10.1352/1934-9556-49.2.103
https://doi.org/10.1352/1934-9556-49.2.103
https://doi.org/10.1186/s12887-018-1160-5
https://doi.org/10.1249/MSS.0b013e3181949333
https://doi.org/10.1249/MSS.0b013e3181949333
https://doi.org/10.1111/jir.12713
https://doi.org/10.1016/j.cct.2013.06.007
https://doi.org/10.1016/j.cct.2013.06.007
https://doi.org/10.1111/jar.12348
https://doi.org/10.3389/fped.2022.1022738
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Weight loss in adolescents with down syndrome compared to adolescents with other intellectual disabilities enrolled in an 18-month randomized weight management trial
	Introduction
	Methods
	Participant eligibility
	Recruitment/randomization
	Intervention components
	Diet
	Energy intake
	Enhanced stop light diet (eSLD)
	Conventional meal plan diet (CD)
	Physical activity
	Education/behavioral counseling
	Health educators
	Education sessions
	Self-monitoring
	RD arms
	FTF arm

	Outcome assessments
	Demographics/ID diagnosis
	Anthropometrics
	Process outcomes

	Analysis

	Results
	Participants

	Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


