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Abstract
Background: We sought to assess the association between age and the prevalence of obesity among children with and without

autism spectrum disorder (ASD) in the 2011–2012 National Survey of Children’s Health.
Methods: Analyses were restricted to 43,777 children, ages 10–17, with valid measures of parent-reported weight, height, and

ASD status. Exploratory analyses describe the impact of sex, race/ethnicity, and household income on the relationship between age
and obesity in ASD.

Results: Although the overall prevalence of obesity among children with ASD was significantly ( p < 0.001) higher than among
children without ASD (23.1% vs. 14.1%, 95% confidence interval for difference 3.6 to 14.4), child age significantly ( p = 0.035)
modified this difference. In a multivariable logistic regression analysis, adjusted for sex, race/ethnicity, and household income, the
odds of obesity among children with ASD compared with children without ASD increased monotonically from ages 10 to 17 years.
This pattern arose due to a consistently high prevalence of obesity among children with ASD and a decline in prevalence with
advancing age among children without ASD. These findings were replicated using a propensity score analysis. Exploratory analyses
suggested that the age-related change in obesity disparity between children with and without ASD may be further modified by sex,
race/ethnicity, and household income.

Conclusions: The patterns of prevalence observed with increasing age among children with and without ASD were unexpected. A
better understanding of the etiological and maintenance factors for obesity in youth with ASD is needed to develop interventions
tailored to the specific needs of these children.
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Background

C
hildhood obesity has been called a pandemic be-
cause its prevalence has increased across all child
demographic subgroups.1 Since 1980, obesity rates

in the United States have tripled among children, ages

6–11, and quadrupled among adolescents2; 2012 estimates
indicate that more than one-third of children and adoles-
cents are overweight or obese. Although the problem is
ubiquitous, groups at high risk for obesity have been
identified based on race/ethnicity, income, and disability
status.3,4 African American and Hispanic and low-income
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children have higher obesity prevalence than their coun-
terparts without these characteristics.5,6 Children with de-
velopmental disabilities (DD), including those with autism
spectrum disorder (ASD), also appear to be at elevated risk
for obesity.7–10

ASD is a developmental disorder that is characterized
by persistent social impairments, verbal and nonverbal
communication difficulties, and restrictive and repetitive
patterns of behaviors, activities, and/or interests11 that fre-
quently become evident by 3 years of age and are typically
diagnosed by 5 years of age.12 In the most recent CDC
survey, 1 in 68 (1.47%) 8-year-old US children have been
diagnosed with ASD.13

The etiology of obesity is complex and multifactorial,
but at the most basic level, obesity arises from positive
energy imbalance, where calories consumed exceed those
expended to support basal metabolism, activity, and
growth. Children with ASD often exhibit selective eating,
frequently resulting in low intakes of fruits and vegetables
with ASD and high intakes of calorically dense foods.14–17

As youth age, they are more likely to have access to more
energy-dense snacks and less engagement in physical ac-
tivity compared with the peers without ASD,18 and their
physical activity levels decline with age.19,20

Parents of children with ASD report using television
for its calming effect,21 which may contribute to high
levels of sedentary behavior. Our own work has dem-
onstrated that screen time is greater in children with
ASD than their typically developing peers.22 Finally, the
proportion of youth with ASD who are treated with
atypical antipsychotics and other psychotropic medica-
tions associated with weight gain increases with age. To
the extent that these pathways may contribute to positive
energy balance for children with ASD, it might be ex-
pected that these children would experience increases in
adiposity over time, resulting in the prevalence of obesity
increasing with age.

Estimates of the prevalence of overweight and obesity in
children with ASD based on national samples are limited
and have only examined the impact of age in broad cate-
gories. In the United States, obesity in children is defined as
BMI-for-age ‡95th percentile, using reference data from
the Centers for Disease Control’s National Center for
Health Statistics.23 The large National Survey of Children’s
Health (NSCH) is one of the few nationally representative
surveys of adequate size to estimate the prevalence of
obesity in children with developmental disabilities. Using
data from the 2003 NSCH, Curtin et al. found that 30% of
children with ASD, ages 3–17, were obese compared with
24% of children without ASD, reflecting an unadjusted
40% elevation in risk.10 Several research groups have re-
ported elevated obesity prevalence using data from the
more recent 2011–2012 NSCH. Youth with ASD, ages 10–
17 years, were found to have significantly elevated risks of
obesity (24% in ASD vs. 16% non-ASD) in unadjusted
analyses.24 Using the same dataset, but a slightly different
approach, McCoy et al. found obesity prevalence of 22.2%

in children with ASD compared with 14.1% in children
without ASD.25 In addition, using NSCH 2011–2012, but
including a broader age range of children 6–17 years,
Corvey et al. reported that the observed elevation in obesity
prevalence disappeared after accounting for comorbid dis-
orders and medication use.18

The prevalence of obesity has also been estimated from
clinical samples. Using their common registry protocol and
measured heights and weights, the Autism Speaks Autism
Treatment Network (ATN) estimated obesity prevalence in
children aged 2–17 years from 19 sites in the United States
and Canada between 2008 and 2013. They reported an
obesity prevalence of 18% in children with ASD compared
with nationally representative estimates of 16.7% in the
population overall; this difference was not statistically
significant. However, child age strata revealed significant
elevations in obesity prevalence for children aged 2–5 and
12–17 years compared with those age groups in the overall
population based on the US National Health and Nutrition
Examination Survey (NHANES).26 The large Partners
HealthCare System Research Patient Database Repository
(RPDR) provides data from 2075 patients with ASD
(2008–2011), with estimated obesity prevalence in chil-
dren aged 2–20 years of 23.2%.8 Compared with children
aged 6–11 years, odds of obesity were higher and similar in
children aged 12–15 and 16–20 years.8 Smaller retro-
spective clinical chart reviews arrive at similar obesity
prevalence estimates of 21.9%27 and 19% in children with
ASD.28

Despite the well-established and striking differences in
obesity prevalence among children in the general popula-
tion by race/ethnicity and socioeconomic status, scant data
are available for race/ethnic or sociodemographic sub-
groups with ASD. Clinical data from the ATN indicate that
compared with white children with ASD, Hispanic chil-
dren with ASD have twice the prevalence of overweight/
obesity.29 In black children, odds were elevated by 50%
compared with whites, but only in unadjusted analyses.
Elevated obesity risk in Hispanic youth was also noted in
the RPDR patient database where, in unadjusted analyses,
Hispanic children with ASD had almost twice the odds of
both overweight and obesity compared with children
without ASD.8 This latter study also identified increased
odds of overweight/obesity associated with public rather
than private insurance, even after adjustment for race/
ethnicity. Given the co-occurrence of racial minority status
with poverty in the United States, such adjustment may
mask important population phenomena.

The release of the 2011–2012 wave of the NSCH pro-
vided an opportunity to examine the prevalence of obesity
relative to age and to explore whether sociodemographic
factors influenced any age-related findings using the most
recent nationally representative US data available. We
hypothesized that disparities in the prevalence of obesity
between 10- to 17-year-old children with and without
ASD would increase with age due to increases in obesity
prevalence with age among children with ASD. We also
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conducted exploratory analyses to identify sociodemographic
factors that might contribute to any age-related increase in
obesity. We also expected that age-related obesity disparities
might be greater in boys and in nonwhite and lower income
groups.

Methods
For the present study, we analyzed data from the 2011–

2012 NSCH, a nationally representative survey conducted
by the CDC National Center for Health Statistics.30 The
survey screened households for the presence of children
aged 0–17 years, and one child was randomly selected to
be the subject of the telephone survey. The questions were
answered by a parent or guardian in the household who
indicated that they had knowledge of the child’s health.
The overall response rate for 2011–2012 was 23.0%. A
total of 95,677 parent interviews were completed from
February 2011 through June 2012. Additional information
about NSCH, including its sample design, data collection
procedures, and questionnaire content, is available at
www.cdc.gov/nchs/slaits/nsch.htm. This public-use data
set is available through the Data Resources Center for
Child and Adolescent Health (www.childhealthdata.org).30

The IRB at Tufts University confirmed that these publicly
available deidentified data constituted nonhuman subject
research and thus the study was deemed exempt.

Assessment of ASD Status
Parent confirmation that their child was currently diag-

nosed with ASD was based on responses to two separate
survey questions. Parents were first asked if they had ever
been told by a doctor or other healthcare provider that their
child had autism, Asperger’s disorder, pervasive develop-
mental disorder, or other autism spectrum disorder. Parents
who answered yes to this question were given a follow-up
question: ‘‘Does the child currently have autism or autism
spectrum disorder?’’ In this analysis, only children whose
parents answered yes to both questions are included in the
current ASD category. Parents who answered yes to the
first question, but indicated that their child does not cur-
rently have ASD (n = 190) were combined with parents
who answered no. Reasons for the change in diagnosis
included changes in behaviors or symptoms, the condition
improved on its own or with treatment, or the healthcare
provider changed the diagnosis.

Assessment of Weight Status
The public-use data file for NSCH 2011–2012 includes a

BMI classification variable, with children identified as
underweight (<5th percentile BMI-for-age), healthy weight
(5th to <85th percentile BMI-for-age), overweight (85th to
<95th percentile BMI-for-age), or obese (‡95th percentile
BMI-for-age) using the CDC 2000 growth reference.31

BMI-for-age was calculated using parent-reported height,
weight, and age (calculated from date of birth and inter-
view date). The child’s age in months was used to calculate

BMI-for-age. However, because the NSCH reports the
age in years only, all children were assumed (by NSCH) to
be at the midpoint of their age-year for this calcula-
tion. BMI classifications for children under 10 years of age
were not provided by NSCH in the public-use data set
because parent-reported data at ages less than 10 are not
sufficiently accurate to estimate obesity prevalence.32 The
primary binary outcome used in the present study is obe-
sity, which was created by comparing those children
identified as obese using BMI-for-age (‡95 percentile)
with all other children, the nonobese (underweight, normal
weight, overweight).

Assessment of Sociodemographic Characteristics
As indicated above, age is reported in integer years. The

race/ethnicity variable provided in the public-use data
set classifies children as follows: Hispanic; non-Hispanic
white; non-Hispanic black; and other non-Hispanic. Be-
cause of small sample sizes in many states, non-Hispanic
children reporting only one race category of Asian, Amer-
ican Indian, Alaska Native, Native Hawaiian, or Pacific
Islander or who are more than one race (multiracial) are
aggregated as other non-Hispanic. Non-Hispanic children
who reported more than one race are categorized as other
non-Hispanic. Children who were missing information on
race (*2% weighted percentage) were grouped with other
non-Hispanic.

Socioeconomic status was based on an index of income
relative to the Department of Health and Human Services
Federal Poverty Guidelines [federal poverty level (FPL)],
with missing values imputed using single imputation.33

Percentage (%) of FPL is then classified as 0%–99% FPL;
100%–199% FPL; 200%–399% FPL; and 400% FPL or more.

Statistical Analyses
All statistical analyses were carried out using the survey

procedures in SAS 9.3 software (SAS Institute, Inc., Cary,
NC), which are capable of handling complex sample de-
sign structures. Sampling weights that adjusted for survey
nonresponse, noncoverage, and nontelephone households
were provided in the NSCH public-use data set. As the
focus of the primary analysis was on assessing the asso-
ciation between obesity and ASD in relation to age, indi-
vidual standardized weights were calculated to correct
erroneous weighted estimates that arose from analyzing
strata with small sample sizes using the NSCH sampling
weights. Individual standardized weights were calculated
by multiplying the NSCH sampling weight variable by the
ratio of the overall mean weight of the entire survey to
the corresponding stratum-specific mean weight defined by
age (eight categories), ASD status (two categories), and
obesity status (two categories). Using this approach, the
effects of extreme-valued NSCH sampling weights on
the estimates in the smaller strata were lessened by shifting
the extreme values toward the center of the overall distri-
bution of sampling weights.
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Chi-square tests were used to compare the prevalence of
sociodemographic characteristics between children with
and without ASD. Multivariable logistic regression was
used to examine the relationships between obesity and
participant characteristics. A cross-product term was in-
cluded in the regression models to characterize the rela-
tionship between obesity and ASD by age, and a test for
interaction was used to assess its significance. To examine
the influence of other factors on the cross-product term,
age, sex, racial/ethnic group, and household income were
added to the model and their influence on the age coeffi-
cients was examined. Model accuracy was quantified using
the c-statistic. Results are reported in terms of regression
coefficients, adjusted prevalence, and adjusted odds ratios
with corresponding 95% confidence intervals (CIs).

Given the observational nature of the study, the rela-
tionship between obesity and ASD by age was further as-
sessed using a propensity score analysis to verify the
results of the primary multivariable-adjusted analysis. The
propensity of being a child with ASD was estimated using
logistic regression analysis by including age, sex, racial/
ethnic group, and household income as covariates in the
model. The propensity score was then used to perform a
nine-digit match of one child with ASD to three children
without ASD using a greedy matching algorithm.34 The
resulting propensity-matched sample consisted of 3700
children, 925 with ASD and 2775 without ASD.

In exploratory analyses, we sought to elucidate the role
of sex, race/ethnicity, and household income on the pat-
tern of age-related prevalence using likelihood ratio tests.
Sample size limitations dictated further aggregation to
dichotomized categories consisting of white non-Hispanic
vs. nonwhite/Hispanic and household income of <200%
FPL vs. 200% or more FPL.

Results
A total of 45,217 children between the ages of 10–17

years had information on ASD status and 43,864 had
parent-reported weight status, resulting in 43,777 children
with information on both ASD and weight status available
for analysis. Overall, the prevalence of ASD among chil-
dren aged 10–17 years was 2.11% (95% CI: 1.82 to 2.41)
or about 1 in 47. As expected, a greater proportion of
children with ASD were male (83.7% of children with
ASD vs. 50.5% non-ASD, p < 0.001, Table 1). Children
with ASD were significantly less likely to reside in a
household with incomes <100% FPL (11.7% vs. 18.3%,
p < 0.01). Children with ASD were slightly younger than
those without ASD (mean age 13.3 vs. 13.7 years, re-
spectively, p = 0.04). Differences in the race/ethnicity
distribution of children with and without ASD were of
borderline significance ( p = 0.07), with children with ASD
more likely to be white (63.2% vs. 55.5%).

The prevalence of obesity among children with ASD
aged 10–17 years was 23.1% compared with 14.1% in
children without ASD (Table 1). In both groups of chil-

dren, prevalence differed by sex. Among children with
ASD, the prevalence of obesity for boys was 25.3% and
for girls 12.2% ( p = 0.056). Among children without
ASD, the prevalence of obesity was 16.6% and 11.7% ( p <
0.001), respectively.

Table 2 displays the results from the unadjusted multi-
variable logistic regression model, which included only a
cross-product term between ASD and age, and an adjusted
model that included age, sex, racial/ethnic group, and
household income as additional covariates. The c-statistic
suggests that the adjusted model is more accurate than the
unadjusted model. Moreover, including sex, racial/ethnic
group, and household income not only changed the values
of the regression coefficients markedly but also the test for
interaction became statistically significant ( p = 0.035).

The results from the adjusted model are illustrated in
Figure 1A in terms of odds ratios and prevalence of obe-
sity. Although the prevalence of obesity remained rela-
tively constant across the ages among children with ASD,
the prevalence of obesity in children without ASD de-
creased with age. At age 10, there was relatively little
difference in obesity prevalence between the two groups
(20.0% vs. 19.1%), whereas at age 17, the prevalence in the
ASD group was almost three times as high as in the non-
ASD group (22.1% vs. 8.3%) (Table 3, Overall row). As a
result of the contrasting patterns of prevalence, the odds
ratio for obesity among children with ASD from age 10 to
age 17 increased monotonically and significantly, relative
to children without ASD, from 1.06 to 3.15 (Table 3,
Overall row, and Figure 1A, p = 0.035 test for interaction).

The greedy matching algorithm using propensity scores
yielded similar distributions of sociodemographic charac-
teristics between children with and without ASD. The
prevalence of obesity among children with ASD remained
significantly higher compared with children without ASD
(Table 1). The propensity score-matched sample confirmed
the significance of the adjusted logistic regression results
as the coefficients characterizing the relationship between
obesity and ASD by age were similar (Table 2) and the
odds ratios and prevalence of obesity mirrored those of the
adjusted logistic regression model (Fig. 1B).

Exploratory analyses were conducted to determine
whether the ASD status and age relationship varied as a
function of sex, race/ethnicity, and household income
relative to poverty (Fig. 2 and Table 3). The odds of obesity
among children with ASD relative to children without
ASD increased more dramatically across the age range for
male children than it did for female children ( p < 0.001).
While the prevalence of obesity increased slightly with age
among male children with ASD (from 23.8% at age 10 to
28.8% at age 17), it declined among the female children
with ASD (from 21.0% at age 10 to 5.8% at age 17). For
children without ASD, the prevalence of obesity declined
with age for both sexes. The odds of obesity among chil-
dren with ASD relative to children without ASD increased
significantly across the age range for both racial/ethnic
groups ( p < 0.001). However, the prevalence of obesity
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Table 1. Participant Characteristics by Group

Full sample (n 5 43,777) Propensity score-matched sample (n 5 3700)

With
ASD

Without
ASD Difference

(95% CI) p-value
With ASD

Without
ASD Difference

(95% CI) p-valuen 5 925 n 5 42,852 n 5 925 n 5 2775

Obese weight
status (%)

23.1 14.1 9.0 (3.6 to 14.4) <0.001 23.1 15.6 7.5 (1.4 to 13.6) 0.01

Age, mean
(standard error)

13.3 (0.17) 13.7 (0.03) -0.4 (-0.7 to -0.02) 0.04 13.3 (0.17) 13.4 (0.11) -0.1 (-0.5 to 0.3) 0.76

Male sex (%) 83.7 50.5 33.2 (28.7 to 37.8) <0.001 83.7 80.5 3.2 (-2.3 to 8.8) 0.27

Racial/ethnic
group (%)

White,
non-Hispanic

63.2 55.5 7.7 (0.0 to 15.5) 0.07 63.2 68.6 -5.4 (-14.0 to 3.3) 0.22

Black, non-Hispanic 9.2 14.3 -5.1 (-9.3 to -1.0) 9.2 7.7 1.5 (-3.2 to 6.1)

Hispanic 20.1 18.7 1.4 (-6.6 to 9.4) 20.1 14.1 6.0 (-2.5 to 14.6)

Multiracial/other,
non-Hispanic/
missing

7.5 11.5 -4.0 (-7.0 to -1.1) 7.5 9.6 -2.1 (-6.1 to 1.8)

Household income (%)

<100% FPL 11.7 18.3 -6.6 (-10.0 to -3.1) 0.01 11.7 20.3 -8.6 (-13.5 to -3.7) 0.01

100%–199% FPL 19.7 21.0 -1.3 (-6.5 to 3.9) 19.7 22.2 -2.5 (-8.8 to 3.8)

200%–399% FPL 37.7 29.4 8.3 (0.8 to 15.8) 37.7 33.1 4.6 (-3.7 to 12.9)

400% or more FPL 30.9 31.3 -0.4 (-6.8 to 5.9) 30.9 24.4 6.5 (-0.7 to 13.6)

Racial/ethnic
group (%)

White,
non-Hispanic

63.2 55.5 7.7 (0.0 to 15.5) 0.06 63.2 68.6 -5.4 (-14.2 to 3.4) 0.22

Nonwhite/Hispanic 36.8 44.5 -7.7 (-15.5 to 0.0) 36.8 31.4 5.4 (-3.4 to 14.2)

Household income (%)

<200% FPL 31.4 39.2 -7.8 (-13.9 to -1.8) 0.01 31.4 42.5 -11.1 (-18.3 to -3.8) 0.003

200% or more FPL 68.6 60.8 7.8 (1.8 to 13.9) 68.6 57.5 11.1 (3.8 to 18.3)

ASD, autism spectrum disorder; CI, confidence interval; FPL, federal poverty level.

Table 2. Regression Coefficients Relating Autism Spectrum Disorder
and Age to Obesity Status from Three Models

Unadjusted modela Adjusted modelb Propensity score-matched model

Intercept -1.3312 -2.2975 -1.1762

ASD 0.1618 0.0601 0.0069

Age -0.1389 -0.1371 -0.1672

Interaction: ASD · age 0.1294 0.1552 0.1576

p-value for interaction 0.062 0.035 0.061

c-statistic 0.59 0.68 0.59

aNo other factors in model.
bAdjusted for sex, racial/ethnic group, and household income.
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increased with age among the white non-Hispanic children
with ASD (from 17.9% to 23.1%), in contrast to a decline
among the non-white/Hispanic children with ASD (from
25.3% to 18.5%). For children without ASD, the preva-
lence of obesity declined with age for both racial/ethnic
groups. With regard to household income, the odds of
obesity among children with ASD relative to children
without ASD increased more steeply across the age range
for children from households with lower income (<200%
FPL) than for households with higher incomes (200% or
more FPL), but did not reach statistical significance
( p = 0.25). This is a reflection of the increase in obesity
prevalence among children with ASD from lower house-
hold incomes (from 27.9% to 33.3%) relative to declines
among lower income children without ASD (from 28.1%
to 11.8%). In contrast, the prevalence of obesity was flat

across the age range for higher income children with ASD,
while it declined with age among children without ASD.

Discussion
In our analysis of the nationally representative data

gathered as part of the NSCH 2011–2012, we found a
significantly elevated prevalence of obesity among chil-
dren with ASD aged 10–17 years (23.1%) compared with
same-age peers without ASD (14.1%). The elevated obe-
sity prevalence based on nationally representative samples
in children with ASD compared with those without the
condition has been previously reported by our group10 and
others9,18,24,25,35 as well as in school-based and clinical
samples.8,26–28,36 Chen et al. reported an obesity prevalence
of 21.1% among 10–17-year-olds in the 2003 round of
NSCH, similar to our estimates, and consistent with a
leveling off in prevalence trends over time seen in other
nationally representative samples of US children.2

We observed that the disparity in obesity between chil-
dren with and without ASD increased with age. However,
contrary to our hypothesis of increasing prevalence with
age in children with ASD, the prevalence of obesity was
quite consistent between ages 10 and 17 years. In contrast,
obesity prevalence declined with advancing age from 10 to
17 years among children without ASD. Thus, the obesity
disparity based on ASD status rose over adolescence due to
decreasing obesity prevalence in those without ASD.

The limited number of pediatric studies that include
height and weight data and have sample sizes large enough
to examine prevalence of obesity by age is congruent with
our finding of decreasing obesity with increasing age in
typically developing adolescents. Specifically, analysis of
the 2007 NSCH reported an obesity prevalence of 23% in
10–11-year-olds, monotonically decreasing to 13% in 16–
17-year-olds.3 Analysis of data on Mexican American
adolescents aged 12–19 years studied in the NHANES,
1999–2002, also indicated declining prevalence by age37;
comparable data for other groups in NHANES have not
been published. A large 2004–2005 study of almost 37,000
Brazilian school children with measured heights and
weights also reported decreasing obesity prevalence across
adolescence.38 In this latter study, using obesity definitions
promulgated by the International Obesity Task Force,39

prevalence fell at each subsequent adolescent age studied,
from 4.8% at age 10 to 1.2% at age 15.38 A second smaller
cross-sectional study of *1500 Brazilian adolescents
showed a similar pattern.40 The reasons for the age-related
decline in obesity prevalence in typically developing ad-
olescents are unclear. Identification of factors promoting
healthy weight in teens without ASD might inform design
of interventions for those with ASD.

Similarly, the factors contributing to the maintenance of
high rates of obesity among children with ASD over the
ages 10–17 are not established, but must reflect energy
intake, energy expenditure, or both. Restricted dietary
preferences may reflect core features of ASD and lead to

Figure 1. Relationship between ASD, obesity status, and age from
(A) an adjusted multivariable logistic regression model and (B) a
propensity score-matched model. The top portion shows the odds of
obesity for children with ASD relative to those without ASD at each
age between 10 and 17 years, with corresponding 95% confidence
intervals. The bottom portion shows the prevalence of obesity for
children with and without ASD for each age between 10 and 17
years. The test of interaction between ASD and age was statistically
significant for the adjusted multivariable logistic regression model
(p 5 0.035), but not for the propensity score-matched model (p 5
0.062). The adjusted multivariable logistic regression model results
correspond to the model shown in Table 2 and the Overall row
shown in Table 3. ASD, autism spectrum disorder.
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energy-dense and nutrient-poor diets. In addition, as chil-
dren with autism become adolescents, they are likely to
have more access to energy-dense snacks and more au-
tonomy in what they eat. On the energy intake side,
atypical dietary intake patterns seen in autistic children
may reflect core features of ASD, including sensory sen-
sitivity and/or need for sameness, and behavioral rigidity.
The use of food as a reward is a common practice with
children with ASD and may contribute to excess energy
intake.41,42 Several studies have documented nutrient in-
adequacy associated in children with ASD14,17,43 as well as
lower intakes of fruits and vegetables.15,16,27 Mealtime
stress represents an additional potential risk factor for the
excess caloric intake associated with poor quality diets.44

Qualitative studies document high levels of parent stress
related to the restricted diet and feeding behaviors of
children with ASD.45 As autistic children become adoles-
cents, parents may give in or give up on promoting
healthful diets for their children.46 These mechanisms

should be explored for their potential role in the mainte-
nance of obesity in this population.

With respect to energy expenditure, it is likely that op-
portunities to engage in physical activity may decline as
youth with ASD age. It may be easier to accommodate
younger children with ASD in physical activities than it is
to accommodate older youth. Typically, during the first
decade of life, there are many occasional opportunities for
physical play that do not have a competitive focus or re-
quire specific motor skills. In addition, there is often con-
siderable adult emphasis on including everyone. In
contrast, during the second decade, there is greater focus
on competitive sports, which require consistent and ex-
tended practice, greater motor and social communication
skills, and strong emotional regulation. Several studies
document the individual/family-, social-, and community-
level barriers to participation in physical activity faced by
children with ASD.47–49 In our own work, poor motor
skills, difficulty with social skills, limited friendships, and

Table 3. Odds Ratios, Prevalence, and Differences in Prevalence of Obesity of Children
with Autism Spectrum Disorder Vs. Children without Autism Spectrum Disorder
by Child Age, According to Categories of Sex, Race/Ethnicity, and Household Income

Age of child (years)
Odds ratio

10 11 12 13 14 15 16 17
ASD vs. non-ASD (%)
Difference (%)

Overall 1.06 1.24 1.45 1.69 1.98 2.31 2.69 3.15

20.0 vs. 19.1 20.3 vs. 17.0 20.6 vs. 15.2 20.9 vs. 13.5 21.2 vs. 12.0 21.5 vs. 10.6 21.8 vs. 9.4 22.1 vs. 8.3

0.9 3.3 5.4 7.4 9.2 10.9 12.4 13.8

Male 1.16 1.34 1.55 1.80 2.08 2.41 2.79 3.23

23.8 vs. 21.2 24.5 vs. 19.5 25.2 vs. 17.8 25.8 vs. 16.2 26.6 vs. 14.8 27.3 vs. 13.5 28.0 vs. 12.2 28.8 vs. 11.1

2.6 5.0 7.4 9.6 11.8 13.8 15.8 17.7

Female 1.22 1.18 1.14 1.10 1.06 1.03 0.99 0.96

21.0 vs. 17.9 17.7 vs. 15.4 14.9 vs. 13.3 12.4 vs. 11.4 10.3 vs. 9.8 8.6 vs. 8.4 7.1 vs. 7.1 5.8 vs. 6.0

3.1 2.3 1.6 1.0 0.6 0.2 0.0 -0.2

White, non-Hispanic 1.25 1.44 1.65 1.90 2.18 2.51 2.89 3.31

17.9 vs. 14.8 18.6 vs. 13.7 19.3 vs. 12.6 20.0 vs. 11.6 20.7 vs. 10.7 21.5 vs. 9.8 22.3 vs. 9.1 23.1 vs. 8.3

3.1 4.9 6.7 8.4 10.0 11.7 13.3 14.8

Nonwhite/Hispanic 1.01 1.13 1.27 1.42 1.60 1.80 2.02 2.27

25.3 vs. 25.2 24.2 vs. 22.0 23.2 vs. 19.2 22.2 vs. 16.6 21.2 vs. 14.4 20.2 vs. 12.3 19.3 vs. 10.6 18.5 vs. 9.1

0.1 2.2 4.0 5.5 6.8 7.9 8.7 9.4

<200% FPL 0.99 1.20 1.45 1.74 2.11 2.55 3.08 3.73

27.9 vs. 28.1 28.7 vs. 25.2 29.4 vs. 22.4 30.2 vs. 19.9 30.9 vs. 17.5 31.7 vs. 15.4 32.5 vs. 13.5 33.3 vs. 11.8

-0.2 3.5 7.0 10.3 13.4 16.3 19.0 21.5

200% or more FPL 1.17 1.32 1.49 1.68 1.91 2.15 2.43 2.75

16.7 vs. 14.6 16.7 vs. 13.2 16.8 vs. 11.9 16.8 vs. 10.7 16.8 vs. 9.6 16.9 vs. 8.6 16.9 vs. 7.7 17.0 vs. 6.9

2.1 3.5 4.9 6.1 7.2 8.3 9.2 10.1
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limited knowledge and training of service providers to
accommodate the needs of children with ASD were highly
cited as physical activity barriers.47 Lack of a peer exercise
partner, parental time constraints, and transportation are
cited as barriers as well.50 In addition, older children with
ASD often are very fixated on electronics, which may re-
flect a specific restrictive interest, social isolation, a
calming technique, or be used as a reward. As children
with ASD get older and larger, parents may have more
difficulty forcing them to engage in physical activities as
well as preventing them from engaging in sedentary ac-
tivities. Low total energy expenditure would be expected
to result from lower levels of physical activity and high
amounts of screen time. In our cross-sectional study of
children with ASD, ages 3–11 years, BMI z-score was
related both to total screen time and to total sedentary time
on weekends.47

Our exploratory analyses of the impact of sex, race/
ethnicity, and household income on the age-related obesity
differences between children with and without ASD, while
based on small numbers of children with ASD, also yielded
some unanticipated findings. The obesity prevalence for
boys with ASD increased slightly over the ages studied,
while it decreased sharply in boys without ASD, resulting
in a markedly increasing obesity disparity by autism status
with age for boys. In contrast, in the limited number of girls
included in our sample, there was a marked decline in
obesity prevalence with age so that by age 17 there was no
difference in obesity rates compared with girls without

ASD. It will be important to determine if this finding can
be replicated in future studies. If it is, a better under-
standing of the differences in eating, physical activity, and
attitudes toward obesity in adolescent boys and girls with
ASD may inform future interventions.

The preliminary observation that white non-Hispanic
children with ASD experienced increases in obesity
prevalence, while minority children with ASD and chil-
dren without ASD in both race/ethnic groups experienced
declines, was also unexpected and should be replicated in a
larger sample and explored further.

The suggestion that the age-related obesity disparity
among youth with ASD may be greater among lower in-
come youth was surprising and also needs to be validated
in a larger sample. One could speculate that low physical
activity and high levels of sedentary behavior could reflect
greater limitation of financial resources, with effects of
lower energy expenditure that accumulate over time. It is
also possible that with the increasing autonomy over food
intake that occurs over adolescence together with the lower
cost of energy-dense snack foods, lower household income
could translate into calorie intakes that exceed energy
expenditure. Qualitative approaches, such as key infor-
mant interviews or focus groups directly with youth and/or
with their caregivers, could be used to advance under-
standing of the influence of these sex, race/ethnicity, and
socioeconomic status factors and formulate specific hy-
potheses for further study and evaluation in programs and
interventions.

Figure 2. Relationship between ASD, obesity status, and age stratified by sex (left panel, L), racial/ethnic Group (middle panel, M), and
household income (right panel, R). The top portions show the odds of obesity for children with ASD relative to those without ASD at each
age between 10 and 17 years by demographic category. The bottom portions show the prevalence of obesity for children with and without
ASD for each age between 10 and 17 years by demographic category. The analyses were adjusted for sex, racial/ethnic group, and
household income accordingly. The figures correspond to the rows of summary data shown in Table 3. The odds ratios across the age
categories varied significantly between male and female children (p < 0.001), significantly between racial/ethnic groups (p < 0.001), but not
significantly between household income categories (p 5 0.25).
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Our study findings should be considered in the context of
some limitations in our analyses. A cross-sectional design
is not ideal to study age-related changes. Obesity status
relied on parent-reported height and weight, which are
subject to error. We restricted our analysis to children age
10 and greater, given a National Center for Health Statis-
tics report that indicated parent report at these ages was
fairly similar to measured values, whereas for children less
than 10 years, parent-reported rates of obesity are often
three- to fourfold higher than measured rates. However,
even among the older age group, there appear to be smaller
but systematic discrepancies. Specifically, parent report for
youth aged 10–11 years overestimated obesity by *6%,
whereas for youth aged 16–17 years, parent report under-
estimated obesity prevalence by *6%.32 It is possible that
parents of children without ASD and parents of children
with ASD differ in their accuracy in reporting their child’s
height and weight, which could bias our comparisons. In
addition, because age is reported in integer years, some
additional error arises due to the application of a mid-year
age for determination of BMI-for-age percentiles for cat-
egorization of obesity status; this error would be expected
to be random and have little effect on prevalence estima-
tion. Our decision to examine obesity rather than over-
weight was made due to its lower false-positive rate and
stronger associations with physical and psychosocial
health consequences and persistence into adulthood.51,52

We lacked detailed information to explore the role of
medication use, which is fairly common in children with
ASD; some medications used to treat ASD are associated
with weight gain.53 In addition, the overall response rate
for 2011–2012 was 23.0%, which was substantially lower
than the prior NSCH survey conducted in 2007 (46.7%).
This decline in response rate is primarily due to the in-
clusion of cell phone interviews in 2011–2012.54 Finally,
despite the seemingly large sample size of the NSCH, only
925 children, including 175 girls, were diagnosed as hav-
ing ASD, which limited power and conclusions that can be
drawn from our exploratory analyses of the impact of sex,
race/ethnicity, and household income on the age-related
obesity disparity in ASD. Nevertheless, the findings are
provocative and presented to prompt further inquiry.

Strengths of our analysis include a nationally represen-
tative data set with a larger sample size than is available
from other US data sources so that sufficient data were
available to examine the prevalence of obesity by single
years of age. Our estimates of prevalence and related
characteristics are expected to be representative of children
in the United States nationally.

Conclusions
Our study demonstrates an increasing disparity in obe-

sity prevalence over the years of adolescence between
children with ASD and without ASD. The stability of the
high obesity prevalence for youth with ASD across the
adolescent ages studied, in contrast to declines seen for

youth without ASD, is worthy of further investigation,
ideally in longitudinal studies. Exploratory analyses sug-
gest that these age-related discrepancies are particularly
pronounced in males and may also be greater in nonmi-
nority youth and in lower income households. Given the
large disparities in childhood obesity by race/ethnicity
observed in typically developing children, it is important to
establish whether sociodemographic factors in children
with ASD/DD exert similar effects.

Better understanding of these age-related changes in
obesity in children with and without autism and their
associations with behavioral and sociodemographic fac-
tors could identify targets for prevention and treatment of
obesity in adolescents with ASD. Such information will
be important to the design and tailoring of programming
and interventions for older youth with ASD, as well as for
the anticipatory guidance offered to parents. Finally, our
finding of declining obesity rates during adolescence in
US youth without ASD suggests that further examination
of factors associated with a change from being obese to a
more healthy weight in this population may identify
characteristics that could be exploited to promote more
healthy weights in adolescents with ASD and across
populations during early adulthood.
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