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Abstract

IMPORTANCE Neurodevelopmental disorders (NDDs) such as autism spectrum disorder (ASD) and
attention-deficit/hyperactivity disorder (ADHD) are increasingly common. Individuals with NDDs
have heightened obesity risks, but long-term data on body mass index (BMI) trends over time in this
population are lacking.

OBJECTIVE To assess secular BMI changes from 2004 to 2020 among children with NDDs
compared with those without NDDs.

DESIGN, SETTING, AND PARTICIPANTS This repeated cross-sectional study used data from the
Child and Adolescent Twin Study in Sweden. Children born between January 1, 1992, and December
31, 2010, were screened for neurodevelopmental symptoms using the Autism-Tics, ADHD, and Other
Comorbidities inventory between July 2004 and April 2020 when they were 9 or 12 years of age.
Data analysis was conducted between September 27, 2023, and January 30, 2024.

MAIN OUTCOMES AND MEASURES BMI percentiles (15th, 50th, and 85th) were modeled using
quantile regression and compared between youths with and without NDDs. Secular changes in BMI
percentiles over time spanning 2004 to 2020 were evaluated and stratified by NDD subtype.

RESULTS The cohort included 24 969 Swedish twins (12 681[51%] boys) born between 1992 and

2010, with mean (SD) age of 9 (0.6) years. Of these, 1103 (4%) screened positive for 1 or more NDDs,

Key Points

Question Has there been a changein
body mass index (BMI) over time among
youths with neurodevelopmental
disorders (NDDs) compared with youths
without NDDs?

Findings This repeated cross-sectional
study of 24 969 Swedish youths aged

9 or 12 years found significantly steeper
increases in BMI over time between
2004 and 2020 at the upper end of the
BMI distribution among individuals with
NDDs compared with those

without NDDs.

Meaning Results from this study
suggest a need to address an increasing
risk of overweight in youths with NDDs
through targeted prevention and
treatment.

including ADHD, ASD, and/or learning disability. Results indicated that at the 85th BMI percentile, + Supplemental content

there was a greater increase in BMI from 2004 to 2020 among youths with NDDs compared with
those without NDDs (B for interaction [B;,.] between NDD status and time, 1.67; 95% Cl, 0.39-2.90).
The greatest divergence was seen for ASD (B, 2.12; 95% Cl, 1.26-3.70) and learning disability (B;...
1.92; 95% Cl, 0.65-3.82). Within the latest cohort (2016-2020), the 85th BMI percentile was 1.99
(95% Cl, 1.08-2.89) points higher among children with NDDs compared with those without NDDs.
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CONCLUSIONS AND RELEVANCE In this repeated cross-sectional study, at the higher end of the
BMI distribution, children with NDDs had significantly greater increases in BMI compared with peers
without NDDs over a 16-year period, highlighting an increasing risk of overweight over time in youths
with NDDs compared with those without NDDs. Targeted obesity prevention efforts for this high-
risk population are needed.
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Introduction

Neurodevelopmental disorders (NDDs), such as autism spectrum disorder (ASD), attention-deficit/
hyperactivity disorder (ADHD), and learning disability (LD), are characterized by early-onset
developmental impairments in cognitive, communicative, motor, and social development. These
conditions are highly prevalent, affecting at least 5% to 10% of children,' and often persist into
adulthood.?

Historically, the focus of research and clinical attention within the realm of NDDs has primarily
revolved around the cognitive and behavioral aspects. However, it has become increasingly evident
that there are complex interactions between the neurodevelopmental challenges individuals face
and their physical health.> One area of emerging interest is the relationship between NDDs and
increased body mass index (BMI). Previous research has consistently found an increased risk of
overweight or obesity among children and adults with NDDs (eg, ASD and ADHD) compared with the
general population.*® This association has raised important questions about potential contributing
factors, such as genetic predisposition, medication effects, dietary patterns, and physical activity
levels.” Nevertheless, the existing body of literature primarily comprises cross-sectional studies,
limiting understanding of longitudinal changes of BMI among individuals with NDDs.

Despite well-established associations between NDDs and increased BMI,& it is unknown
whether the secular trend of increasing BMI observed in the general population over the past
decades® has been more pronounced in individuals with NDDs. Given their susceptibility to weight
gain and obesity-related health problems, it is critical to understand whether the obesity epidemic
has disproportionately impacted individuals with NDDs compared with the general population.
Gaining insight into these trends may inform public health policies and initiatives to increase efforts
aimed at preventing and treating obesity specifically in individuals with NDDs, helping to improve
their quality of life and health outcomes.

The primary objective of this study was to assess whether there were differences in secular
changes in BMI in individuals with NDDs, including ASD, ADHD, and LD, compared with the general
population over a 16-year period. By using cross-cohort comparisons of BMI within this population,
we aimed to elucidate whether any significant shifts over time occurred. Quantile regression was
used to model different percentiles (15th, 50th, and 85th) of the BMI distribution to examine
whether trends differed across the distribution and not just for the mean BMI.

Methods

This repeated cross-sectional study was approved by the Karolinska Institute ethical review board.
The requirement for informed consent was waived because the study was register based and the
included individuals were not identifiable at any time.

We followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) reporting guideline.™®

Study Population

Data for this study were obtained from the Child and Adolescent Twin Study in Sweden (CATSS), an
ongoing longitudinal cohort study of all twins in Sweden. CATSS was initiated in 2004 by recruiting
families of twins who were turning 9 or 12 years of age that year, with an initial participation rate of
80% (Anckarséter et al"). The current study included all individuals from the CATSS cohort born
between January 1, 1992, and December 31, 2010, and assessed between July 2004 and April 2020.

Measurements

Neurodevelopmental disorder symptoms were assessed using the Autism-Tics, ADHD, and Other
Comorbidities (A-TAC) inventory,™ a comprehensive screening questionnaire validated in child and
adolescent populations and covering the most common child and adolescent psychiatric disorders.
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The A-TAC includes 96 items, with 19 corresponding to ADHD symptoms, 17 to ASD (6 for language,
6 for social interaction, and 5 for flexibility), and 3 related to LD. Each item is scored O for “no,"” 0.5 for
"yes, to some extent,” and 1for "yes," yielding a total symptom score ranging from O to 19 for ADHD,
0 to 17 for ASD, and O to 3 for LD.

Validated clinical cutoffs for A-TAC scores have been established for ADHD; for example, a score
of 12.5 or greater suggests a high likelihood of an ADHD diagnosis and is used as a validated proxy for
clinical diagnoses of ADHD (sensitivity = 0.28; specificity = 0.99)." The ATAC ADHD scale has
excellent psychometric properties, including high interrater reliability (intraclass correlation
coefficient [ICC], 0.89), test-retest reliability (ICC, 0.84), and internal consistency (Cronbach a,
0.92).* The ASD module, with a cutoff score of 8.5 or greater, has a sensitivity of 0.30 and a
specificity of 0.99. The LD subscale was validated against International Statistical Classification of
Diseases and Related Health Problems, Tenth Revision definitions of intellectual disability (F70-F79)
and has a reported sensitivity of 0.39 and a specificity of 0.99."*'° The ASD, ADHD, and LD subscales
have all been validated cross-sectionally and longitudinally in both clinical and large-scale
epidemiological samples.”>"®

Body mass index was calculated using parent-reported height and weight for each individual at
the time of the CATSS telephone interview. Parents provided the current height in centimeters and
weight in kilograms. Body mass index was then computed as weight in kilograms divided by height in
meters squared. Individuals with missing data on height or weight were excluded from the analysis.

Statistical Analysis

Baseline characteristics were summarized using means and proportions for individuals without NDDs
and those screening positive for NDDs, including ADHD, ASD, and LD. For descriptive purposes,
individuals were classified into 5 cohorts spanning 2004 to 2020: 2004 to 2006, 2007 to 2009,
2010 to 2012, 2013 to 2015, and 2016 to 2020. Mean BMI was calculated for patients with and
without NDDs within each birth cohort and was presented at the 15th and 85th percentiles to
characterize the full BMI distribution.

To visualize secular changes in BMI, a quantile regression model was fitted regressing BMI on
year of assessment using a cubic basis spline with 4 df for those with and without NDDs separately.
This was done separately for the 15th, 50th, and 85th percentiles of BMI. The fitted curves from
these models were plotted to visualize changes in BMI over time across the distribution. A quantile
regression analysis at each BMI percentile (15th, 50th, and 85th) was performed because it allows for
understanding the relationship between variables across the distribution of the outcome, not just at
the mean. Furthermore, quantile regression analysis is beneficial for outcomes like BMI that may
have a skewed or nonnormal distribution.'® Importantly, it can characterize associations at the tails
of the distribution, for example, at higher BMI levels where individuals are at greatest health risk.
Thereafter, to assess and quantify differences in the change in BMI over the study period between
the groups with and without NDDs, an interaction term between NDD status (yes or no) and time was
included in quantile regression models. Time was scaled to reflect the change from the first study
year (2004) to the last (2020). Analyses were stratified by NDD subtype and sex.

Lastly, to quantify differences in BMI between those with and without an NDD more recently, a
quantile regression model was fitted within the last cohort (2016-2020). The model included a
binary indicator variable for NDD status to provide an estimate of the difference in BMI between the
groups with and without NDDs at different levels of BMI. This process was repeated separately for
individuals with any NDD, by NDD subtype, and for sex. Quantile regression models used a sparse
implementation of the Frisch-Newton algorithm." Standard errors were estimated using the
sandwich estimator assuming nonidentically distributed errors.'® All analyses were performed using
R, version 4.2.3 (R Project for Statistical Computing)'® and were conducted between September 27,
2023, and January 30, 2024.
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Results

After excluding 3018 individuals with missing data on height or weight, the study cohort comprised
24 969 individuals born between 1992 and 2010 and assessed between 2004 and 2020, of whom
12 681 (51%) were boys and 12 288 (49%) were girls; 1103 (4%) had symptoms exceeding the clinical
threshold for 1or more NDDs (Table 1). Mean (SD) age was 9 (0.6) years. Among the 1103 individuals
with NDDs, the most prevalent NDD was ADHD, present in 621 individuals (56%). Across all cohorts,
individuals with NDDs had a similar mean BMI compared with those without NDD (eg, 16.67 [15th-
85th percentile, 14.54-18.92] vs 16.79 [15th-85th percentile, 14.73-19.45] in the 2004-2006 cohort
and 16.70 [15th-85th percentile, 14.59-18.94] vs 17.48 [15th-85th percentile, 14.35-20.90] in the
2016-2020 cohort) (Table 1). However, examinations by BMI percentile revealed diverging
trajectories between groups over time, particularly at the upper end of the distribution. For instance,
in the 2016-2020 cohort, the 85th percentile of BMI was 20.90 (95% Cl, 20.30-21.88) among
individuals with NDDs compared with 18.94 (95% Cl, 18.88-19.17) among individuals without NDDs,
with an estimated BMI difference of 1.99 (95% Cl, 1.05-2.93). eTable 1in Supplement 1 summarizes
the 15th, 50th, and 85th BMI percentiles for those with and without NDDs over time.

The Figure displays the estimated 15th, 50th, and 85th percentiles for BMI over time among
individuals with and without NDDs. The Figure shows that BMI increased across percentiles in the
groups with and without NDDs over the study period. However, the increase in BMI percentiles was
more pronounced among those with NDDs, particularly after 2016. When quantifying the difference
in the change in BMI from 2004 to 2020 between those with and without NDDs, quantile regression
showed that at the 85th BMI percentile, the interaction term between NDD status and time (B3;,,,)
was significant, indicating that the BMI increase over the study period was greater among youths
with NDDs compared with those without NDDs (B;,,. 1.67; 95% Cl, 0.39-2.80). When examining
specific NDD subtypes, the interaction terms were largest for ASD (B;,.. 2.12; 95% Cl, 1.26-3.70) and
LD (Bint. 1.92; 95% Cl, 0.65-3.82) compared with individuals without those conditions. The
interaction between ADHD status and time did not reach statistical significance (8;.., 1.37;: 95% Cl,

Table 1. Descriptive Statistics of the Study Cohort Stratified by NDD Status

Individuals®

Characteristic Without NDDs (n = 23 866) With NDDs (n = 1103)

Sex
Female 11925 (50) 363 (33)

Male 11941 (50) 740 (67)

Age at assessment, median (IQR), y 9.06 (8.98-9.19) 9.10(9.00-9.28)

BMI, median (IQR) 16.32 (15.09-17.85) 16.71 (15.06-18.66)

Condition
ADHD 0 621 (56)

ASD 0 471 (43)
LD 0 392 (36)

Individuals per cohort

2004-2006 4531 (19) 155 (14)
2007-2009 6034 (25) 256 (23)
2010-2012 4999 (21) 201 (18)
2013-2015 4168 (17) 215 (19)

2016-2020 4134 (17) 276 (25)

Mean BMI by period (15th-85th percentile) Abbreviations: ADHD, attention-deficit/hyperactivity
2004-2006 16.67 (14.54-18.92) 16.79 (14.73-19.45) disorder; ASD, autism spectrum disorder; BMI, body
2007-2009 16.74 (14.54-19.02) 17.45 (14.78-20.44) mass index (calculated as weight in kilograms divided
2010-2012 16.62 (14.48-18.88) 17.18 (14.18-19.90) by height in meters squared).,- LD, learning disability;
2013-2015 16.68 (14.57-18.93) 16.76 (14.13-19.68) NDD. neurodevelopmental disorder.

2016-2020 16.70 (14.59-18.94) 17.48 (14.35-20.90) ’ !Datla.are presanted as "”'T‘be.” (Percentage) of
individuals unless otherwise indicated.
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-0.59 t0 2.53), suggesting less divergence in BMI change over time at the 85th percentile for those
with ADHD compared with those without ADHD (Table 2).

When stratified by sex, boys with NDDs had a similar pattern of disproportionate BMI increases
over time compared with boys without NDDs but with a greater magnitude of difference thanin the
overall sample (eTable 2 in Supplement 1). For example, the 85th BMI percentile increased by a ;. of
2.30 (95% Cl, 0.19-3.27) more points among boys with NDDs compared with boys without NDDs
from 2004 to 2020. In contrast, among girls, there were no statistically significant differences in
secular trends in BMI over time between the groups with and without NDDs except for ASD. Girls
with ASD had steeper BMI increases compared with girls without NDDs (B;,.., 1.39; 95% Cl, 0.11-4.83),
but differences were less pronounced than in boys.

In the latest cohort (2016-2020), there were sizable gaps in the upper BMI percentiles between
the groups with and without NDDs. The quantile regression analysis demonstrated significantly
higher BMIs across the distribution for individuals with NDDs compared with those without NDDs
assessed in 2016 or later. The most pronounced differences were evident at the 85th percentile of
BMI. For example, individuals with ASD had an 85th percentile BMI that was 2.89 (95% Cl, 2.14-3.64)
points higher than individuals without ASD. This difference was also large for those with LD at 2.42
(95% Cl, 1.84-3.01) points above those without LD. When examining all NDDs together (ie, without
diagnostic subgroup stratification), the 85th percentile BMI was 1.99 (95% Cl, 1.08-2.89) points
higher among individuals with NDDs compared with those without NDDs (Table 3). Significant, albeit
smaller, BMI differences were also identified at the 50th percentile across individuals with NDDs and
by NDD subtype in the quantile regression. Individuals with NDDs had a 50th percentile BMI that
was 0.65 (95% Cl, 0.19-1.12) points higher compared with those without NDDs. Similarly, the 50th
percentile BMI was 112 (95% Cl, 0.34-1.91) points higher for those with vs without ASD and 1.13 (95%
Cl, 0.64-1.61) points higher for those with vs without LD; there was no significant difference for
individuals with vs without ADHD (0.43 [95% Cl, -0.07 to 0.94]).

Figure. Modeled Secular Trends in Body Mass Index (BMI) for Individuals With and Without
Neurodevelopmental Disorders (NDDs) at the 15th, 50th, and 85th BMI Percentiles

24+
22
200 /,/ 85th BMI percentile
e e
o
184
50th BMI percentile
164
_____ 15th BMI percentile Solid I|nejs |nc?|ca'te the group W|thF>ut NDDs, and
14 dashed lines indicate the group with NDDs. BMI was
2004 2006 2008 2010 2012 2014 2016 2018 2020 calculated as weight in kilograms divided by height in
Year meters squared.

Table 2. Estimated BMI Differences From 2004 to 2020 for Each NDD Compared With Individuals

Without Each Condition
B (95% Cl), by BMI percentile® Abbreviations: ADHD, attention-deficit/hyperactivity
NDD 15th 50th 85th disorder; ASD, autism spectrum disorder; BMI, body
Any -0.65 (-1.15 to -0.22) 0.24 (-0.44 t0 0.96) 1.67 (0.39 to 2.80) mass index (calculated as weight in kilograms divided
ADHD -0.51(-1.21100.07) -0.13 (-0.90 t0 0.93) 1.37 (-0.59 t0 2.53) by height in meters squared); LD. learning disability:
NDD, neurodevelopmental disorder.
ASD -0.59 (-1.33t0 0.32) 0.78 (-0.44 t0 1.87) 2.12(1.26 t0 3.70)
2 Coefficients represent the interaction between NDD
LD -0.58 (-1.45t0 0.52) 0.71(-0.21t0 1.99) 1.92 (0.65 to 3.82) .
status and time.
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Sex-stratified analyses showed similar estimates among boys at the 50th and 85th percentiles
(eTable 3 in Supplement 1). However, the pattern differed in girls. At the 50th BMI percentile, there
were no significant differences between girls with and without NDDs in the 2016-2020 cohort. Only
at the 85th percentile was BMI significantly higher for girls with any NDD (B, 2.40; 95% Cl, 0.19-3.59)
and specifically LD (B, 2.76; 95% Cl, 1.19-7.53) compared with girls without NDDs.

Discussion

This study demonstrated steeper secular trends in BMI at the upper end of the BMI distribution for
youths with NDDs compared with those without NDDs. Boys with NDDs had BMI increases 2.30
points greater compared with boys without NDDs, whereas girls had similar trajectories regardless of
diagnostic status except for those with ASD, who had slightly steeper increases. The disproportionate
BMI increase observed across individuals with NDDs warrants coordinated efforts to elucidate
common mechanisms and develop tailored interventions to mitigate excessive weight gain in these
populations.

Notably, the divergence in secular trends in BMI was most pronounced after 2016. The gap was
even larger when looking at specific NDD subtypes. When looking at the most recent 2016-2020
cohort, the 85th BMI percentile was 2.89 points higher among children with ASD and 2.42 points
higher among those with LD compared with those without NDDs. Sex-stratified analysis revealed
that boys with NDDs had higher BMIs across the 50th and 85th percentiles compared with boys
without NDDs. For girls, significant differences were only observed at the 85th BMI percentile for
those with any NDD and specifically LD in the latest cohort. Although estimates were larger for girls,
wider Cls indicated greater uncertainty. These preliminary sex-specific findings suggest that BMI
increases may affect boys more broadly, while girls showed differences mainly at higher BMI
percentiles. More research is needed to confirm sex patterns as cohorts age.

Several factors may potentially explain the steeper BMI increases among children with NDDs.
The increased availability of processed, high-calorie foods in recent decades may especially influence
those with NDDs. Moreover, sedentary activities like screen time have increased substantially since
2002.2°2' Symptoms like inattention and hyperactivity in ADHD may make it especially challenging
for children with NDDs to limit screen time and sedentary activities compared with their peers.”??
Repetitive behaviors and restricted interests in ASD may also contribute to increased screen time and
sedentary behavior. Furthermore, societal shifts like increased working hours for parents may

especially impact family routines, diet quality, activity habits, and weight management®*

among
children with NDDs, who require greater structure and supervision around lifestyles.

Our findings have important clinical and public health implications. They suggest that the
pediatric obesity epidemic may have disproportionately impacted children with NDDs, further
exacerbating health disparities faced by this vulnerable group. The rapid increase in BMI percentiles,
especially at the upper end of the BMI distribution, suggests that individuals with NDDs might be at
an elevated risk of developing obesity and related cardiovascular health issues. Elevated BMl is a
well-established risk factor for various cardiovascular conditions, including hypertension, type 2
diabetes, dyslipidemia, and coronary artery disease.?* The steeper BMI trajectory observed in

individuals with NDDs implies a heightened susceptibility to these cardiovascular risk factors, which

Table 3. Estimated BMI Differences for Each NDD Compared With Individuals Without Each Condition
in the 2016-2020 Cohort

B (95% Cl), by BMI percentile

NDD 15th 50th 85th
Any -0.24(-0.44 t0 -0.03) 0.65(0.19t01.12) 1.99 (1.08 to 2.89) Abbreviations: ADHD, attention-deficit/hyperactivity
ADHD -0.20 (-0.44 t0 0.04) 0.43 (-0.07 to 0.94) 0.76 (-0.42 t0 1.93) disorder; ASD, autism spectrum disorder; BMI, body
ASD -0.30 (-0.67 t0 0.06) 1.12 (0.34 t0 1.91) 2.89 (2.14 to 3.64) mass index (calculated as weight in kilograms divided
LD 0.18 (-0.39t0 0.74) 1.13(0.64to 1.61) 2.42 (1.84t03.01) by height in meters squared)'; LD. learning disabilty;
NDD, neurodevelopmental disorder.
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over time, can significantly increase the likelihood of developing cardiovascular diseases.>® The
continued increase in BMI among individuals with NDDs may lead to a higher risk of premature
mortality, particularly in adulthood. This emphasizes the urgency of addressing the factors

contributing to this trend to improve the long-term health outcomes of individuals with NDDs.

A recent Swedish population-based study also reported secular changes in BMI over time
among adults with bipolar disorder compared with the general population.2® The parallels in adverse
secular trends in BMI between bipolar disorder and NDDs are noteworthy given some evidence that
these disorder groups may share common neurodevelopmental origins.?”*' The increasing risk of
overweight and obesity in these related diagnostic categories highlight that individuals with early
neurodevelopmental conditions may be most susceptible to obesogenic societal changes.

Our study results represent a crucial step toward a more comprehensive understanding of the
intersection between NDDs and physical health. The findings highlight the need for multifaceted
clinical and public health strategies to address disproportionate obesity risks in this population.
Increased efforts are warranted to curb excessive weight gain in this high-risk subpopulation. This
includes regular BMI screening, lifestyle counseling, and developing tailored weight management
strategies. Current NDD guidelines lack specific advice for the management of obesity or related
health conditions. For instance, the health care management for youths with ADHD and obesity or
hypertension is a clinical challenge that requires additional guidance.3>3* Schools must also prioritize
resources toward physical activity, nutrition, and obesity prevention in special education programs.
Policy-level interventions including taxation of unhealthy foods and improved walkability and public
spaces could benefit individuals with NDDs.

Limitations

This study has some limitations that should be considered when interpreting the results. First, BMI
was calculated from parent-reported heights and weights, which could introduce reporting bias.
However, a previous study found high agreement between parent-reported and measured BMI
values,®* suggesting parent reports are generally accurate representations of true BMI. Future
studies should incorporate measured BMI to confirm the trends. Second, the cohort had a limited age
range during childhood. Analyses with wider age ranges are needed to characterize BMI changes over
time among those with and without NDDs across developmental stages. Third, our study included a
twin sample, potentially affecting generalizability to singletons. Fourth, while the NDD subscales’ low
sensitivity may lead to underdiagnosis, their high specificity (0.99) ensures accurate positive
identification. Any misclassification would likely underestimate the true association between NDDs
and BMI, suggesting that our findings may be conservative. We acknowledge the lack of covariate
adjustment (eg, parental weight, socioeconomic status, or medication use). However, our study
focused on identifying secular BMI trends in children with and without NDDs, rather than
determining causal effects. Finally, this Swedish cohort may not fully reflect trends in other nations if
rates of obesity risk factors like poor diet and physical inactivity differ across countries. Additional
international studies are warranted to determine whether similar patterns are observed globally for
individuals with NDDs.

Conclusions

This study found significantly steeper increases in BMI among children with NDDs compared with
those without NDDs at the upper end of the BMI distribution from 2004 to 2020, reflecting
worsening weight-related disparities among those with NDDs. Concerted efforts across medical,
community, and policy sectors appear to be urgently needed to prevent and treat obesity in this high-
risk group. Early intervention may be key to avoiding a lifetime of obesity-related health
complications for those with NDDs.
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