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Abstract Pediatric obesity is associated with negative health
and psychosocial consequences. However, obesity may not
uniformly affect all populations. Limited research has investi-
gated the factors that contribute to the incidence and persis-
tence of overweight and obesity among children with autism
spectrum disorder (ASD). This review systematically exam-
ined the prevalence rate of overweight and obesity among
children with ASD. The majority of studies suggest that chil-
dren with ASD may be at a greater risk for excess weight gain
compared to typically developing peers. Additionally, this re-
view investigated potential contributing factors to the etiology
and maintenance of obesity within this population. Research
should continue to investigate excess weight gain in this pop-
ulation in order to adapt weight loss interventions for children
with ASD.
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Over the past several decades, rates of pediatric overweight
and obesity rose drastically. Although there are many path-
ways that contribute to childhood obesity, individuals who are
highly responsive to food and its rewarding properties may be

at an increased risk for weight gain over time. In 2014, 17% of
the children and adolescents in the USA met the criteria for
obesity (Ogden et al. 2014). As opposed to adults, weight
status in youth is categorized using age and sex-adjusted per-
centiles, such that the overweight category encompasses chil-
dren in the 85th–95th body mass index (BMI) percentiles,
whereas obesity is defined as a BMI equal to or greater than
the 95th percentile. The health consequences associated with
overweight and obesity have detrimental and long-lasting ef-
fects. Research has consistently shown that overweight chil-
dren are at risk for a number of negative health outcomes,
including Type 2 Diabetes Mellitus (Hannon et al. 2005), car-
diovascular disease (Freedman et al. 2007), and fatty liver
disease (Schwimmer et al. 2006). Overweight and obesity
are also associated with psychosocial factors, including de-
creased quality of life (Fallon et al. 2005; Schwimmer et al.
2003), increased risk of depression (Boutelle et al. 2010), and
disordered eating behaviors (Glasofer et al. 2007; Tanofsky-
Kraff et al. 2004). Additionally, a neuropsychological review
paper showed that children who are overweight and obese
have poorer neurocognitive functioning across a variety of
domains, including attention problems, executive functioning
deficits, visuospatial difficulties, and impaired motor skills
(Liang et al. 2014).

In addition to negative health consequences, it also appears
that the course of obesity is relatively stable from childhood
onward. Children who are overweight are more likely to be
overweight in both adolescence and adulthood than children
who are of normal weight (Reilly et al. 2003). Not only does
weight trajectory appears relatively stable across time and de-
velopment, research has also linked obesity in childhood to
increases in both health risks and mortality rates in adulthood
(Reilly and Kelly 2011). Yet, losing just 5–10% of the body
weight can have a positive impact on many of the negative
health outcomes related to overweight and obesity and in
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some cases may even reverse the harmful effects. Thus, given
the persistent developmental trajectory, as well as the individ-
ual consequences and rising public health costs of pediatric
obesity, prevention and early intervention efforts should be
developed to target weight loss in children and adolescents.

However, overweight and obesity may not uniformly affect
all populations the same way. Emerging evidence suggests
that children with autism spectrum disorder (ASD) may fall
into that category. Defined by impairments in social behavior,
communication difficulties, and stereotyped behavioral pat-
terns, ASDs are neurodevelopmental disorders that affect an
estimated 1 in 88 children in the USA (DMNSY
Developmental 2014). In research and clinical settings, the
links between underweight and picky eating with ASD are
often highlighted. However, the overweight end of the spec-
trum has been less researched, although it affects a large num-
ber of youth diagnosed with ASD. Research studies indicate
that children with ASD have a 1.42 greater risk of developing
obesity compared to children without ASD (Curtin et al.
2010). Among adults with ASD, rates of obesity may be as
high as 34% (Croen et al. 2015), suggesting that the health and
psychosocial problems associated with excess weight extend
well beyond childhood. Given the pressing needs of children
with ASD, weight loss may not be a primary target of inter-
vention for families and researchers alike. Therefore, raising
awareness about the obesity rates among this population, as
well as undertaking research efforts to provide insight into the
development and persistence of weight gain, is crucial.

What factors could be contributing to the increased preva-
lence of overweight and obesity among children and adoles-
cents with ASD? In this review, a number of potential influ-
ences—ranging from genetics to environmental influences—
will be considered in contributing to both the etiology and the
maintenance of obesity within this population. First, this re-
view will establish whether rates of overweight and obesity
are higher among children with ASD by systematically exam-
ining the literature and analyzing reported prevalence rates.
The remainder of the paper will then focus on potential factors
that impact the etiology and maintenance of overweight and
obesity among children with ASD. Given the multitude of
negative health sequelae, as well as psychosocial and
neurocognitive consequences associated with overweight
and obesity, it is crucial to understand the mechanisms con-
tributing to these increased rates, and develop interventions
that specifically target associated factors. In particular, efforts
should be specifically designed for children with ASD and
targeted in ways that are adaptive and suit the specialized
needs in order to be successful in this population.

Prior to discussing possible explanations for increased
weight in children with ASD, it is important to first assess
the potential relationship between ASD and obesity status by
conducting a comprehensive review of published studies.
While it appears that children with ASD have equal to or

greater rates of overweight and obesity than the general pop-
ulation (Broder-Fingert et al. 2014; Curtin et al. 2010), prev-
alence rates are often not systematically reported across stud-
ies. Therefore, this review seeks to compile the available in-
formation regarding prevalence rates across studies in order to
consolidate the literature to date.

Methods

The authors conducted a comprehensive review of the litera-
ture examining obesity prevalence rates for children with
ASD. This literature review used the following search terms:
BAutism,^ BAutism Spectrum Disorder,^ BObesity,^
BOverweight,^ and BChildren.^ The authors included
PubMed (which encompasses MEDLINE) and PsychInfo as
search engines. The search results initially returned 386
unique articles. Inclusion criteria for empirical studies includ-
ed publication between 1995 and 2016 in a peer-reviewed
journal; study population that met criteria for autism or
ASD; reported prevalence rates of overweight, obesity, or both
within the study sample; and sample including youth of at
least 2 years old but not older than 20 years of age. The
authors excluded studies from this review if the sample in-
cluded only developmental or intellectual disabilities, or only
included adults. This review also excluded single case study
designs as well as studies that were exclusively within the
context of a medication trial in order to better understand the
prevalence of obesity apart from any potential medication side
effect. A total of 31 articles met inclusion criteria for this
review.

Results

Of the 31 articles that met criteria for this review, 21 studies
reported prevalence rates of overweight and obesity for youth
with ASD within the USA. Two of the studies (Evans et al.
2012; Must et al. 2013) reported on the same sample from the
Children’s Activity and Meal Patterns Study, and thus, this
sample was only counted once. In total, 16 out of 20 studies
(80%) reported the prevalence of overweight and obesity in
youth with ASD to be equal to or greater than typically devel-
oping children (see Table 1). The prevalence of overweight/
obesity status in the overall US population of youth age 2–
18 years was 31.80% for data collected between 2011 and
2012 (Ogden et al. 2014). Among American children ages
2.5 to 5 years old with ASD, an estimated 33% have a BMI
over the 85th percentile (Egan et al. 2013), compared to only
22.80% in the same age range without ASD (Ogden et al.
2014). American adolescents with ASD also have higher rates
of overweight and obesity compared to their peers (McCoy
et al. 2016; Phillips et al. 2014; Rimmer et al. 2010). A chart
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review study with over 6500 individuals ages 2–20 years old
found that participants with ASD were almost 5 times more
likely to be obese compared to control participants without
ASD (Broder-Fingert et al. 2014). The Autism Speaks
Autism Treatment Network reported on overweight and obe-
sity rates for approximately 5000 children with ASD, finding
that 18% of the sample met criteria for obesity while another
33.60% were considered overweight based on BMI standards
(Hill et al. 2015). Both small and large sample size studies
consistently reported greater prevalence of overweight and
obesity among youth with ASD compared to age-matched
peers.

Only two studies reported overweight and obesity rates in
ASD youth as lower than the general population, and the
findings were mixed. In a study of children ages 2–11 years
old, researchers reported that while children ages 2–5 with
ASD did have significantly greater rates of overweight and
obesity compared to age and gender-matched controls, chil-
dren in the 6–11-year-old category with ASD did not differ in
overweight and obesity rates compared to typically develop-
ing peers (Hyman et al. 2012). Another study reported com-
bined overweight and obesity rates for children with ASD
(28.10%) to be greater than the typically developing children
in the sample (19.90%), although this difference was attenu-
ated after accounting for other conditions (Corvey et al. 2016).
Similarly, an additional study found no differences in over-
weight and obesity rates among 2–13 year olds with ASD and
age-matched controls (Barnhill et al. 2017). Finally, although
one study reported the rates of obesity among children with
ASD to be lower than the national average (8.20%), this same
study also found that children with ASD were almost twice as
likely to be obese compared to typically developing children
included in the study (Shedlock et al. 2016). However, this
study only examined the rates of obesity within this sample,
and thus, conclusions about the total combined obesity and
overweight prevalence rates cannot be drawn.

This review also included ten studies conducted outside of
the USA for comparison (see Table 2). Relatively high rates of
overweight and obesity are documented internationally as
well, with similar overweight and obesity rates for children
with ASD reported in China (31.50–37.90%; Xia et al. 2010;
Xiong et al. 2009), Canada (42.60%; Ho et al. 1997), Turkey
(32.3%; Bicer and Alsaffar 2013), Australia (35%; Granich
et al. 2016), and the United Arab Emirates (52.17%; Attlee
et al. 2015). A study in Israel showed greater BMI-for-age
scores among 3- to 6-year-old children with ASD diagnoses,
even while noting nutritional deficits for this group (Shmaya
et al. 2015). A study conducted in the United Arab Emirates
reported the highest rates of overweight and obesity, with
almost 74% of the sample meeting criteria for excess body
weight (Attlee et al. 2015). Yet, it should be noted that only
23 participants were included in this small sample, and thus,
only limited conclusions can be drawn from this study alone. T

ab
le
2

R
at
es

of
ov
er
w
ei
gh
t/o

be
si
ty

am
on
g
ch
ild

re
n
w
ith

A
SD

ou
ts
id
e
th
e
U
SA

A
ut
ho
rs

C
ou
nt
ry

A
ge
s

Sa
m
pl
e
(n
)

A
S
D
(n
)

D
at
a
co
lle
ct
ed

O
ve
rw

ei
gh
t%

O
be
si
ty

%
O
ve
rw

ei
gh
t

+
ob
es
ity

%
T
D
in

sa
m
pl
e?

H
ig
he
r
ra
te
s
of

ov
er
w
ei
gh
t/

ob
es
ity

th
an

T
D
in

co
un
tr
y?

A
l-
F
ar
si
et
al
.(
20
11
)

O
m
an

3–
5

12
8

12
8

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

0%
0%

0%
N
o

N
o

A
ttl
ee

et
al
.(
20
15
)

U
ni
te
d
A
ra
b
E
m
ir
at
es

5–
16

23
23

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

21
.7
4%

52
.1
7%

73
.9
1%

N
o

Y
es

B
ic
er
an
d
A
ls
af
fa
r
(2
01
3)

T
ur
ke
y

4–
18

16
4

16
4

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

26
.2
0%

32
.3
0%

58
.5
0%

N
o

Y
es

G
ra
ni
ch

et
al
.(
20
16
)

A
us
tr
al
ia

2–
16

20
8

20
8

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

16
.3
0%

18
.8
0%

35
.1
0%

N
o

Y
es

H
o
et
al
.(
19
97
)

C
an
ad
a

BS
ch
oo
la
ge
^;

m
ea
n
ag
e
13
.3

54
54

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

–
42
.6
0%

–
N
o

Y
es

K
um

m
er

et
al
.(
20
16
)

B
ra
zi
l

2–
18

11
1

69
M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

18
.3
0%

21
.7
0%

40
.0
0%

Y
es

Y
es

M
em

ar
ie
ta
l.
(2
01
2)

Ir
an

7–
14

11
3

11
3

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

13
.3
0%

27
.4
0%

40
.7
0%

N
o

Y
es

S
hm

ay
a
et
al
.(
20
15
)

Is
ra
el

3–
6

91
50

Pa
re
nt
-r
ep
or
te
d

–
–

–
Y
es

Y
es

X
ia
et
al
.(
20
10
)

C
hi
na

2–
9

11
1

11
1

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

24
.3
0%

7.
20
%

31
.5
0%

N
o

Y
es

X
io
ng

et
al
.(
20
09
)

C
hi
na

2–
11

42
9

42
9

M
ea
su
re
d
he
ig
ht
/w
ei
gh
t

15
.2
0%

18
.4
0%

33
.6
0%

N
o

Y
es

A
SD

au
tis
m

sp
ec
tr
um

di
so
rd
er
,T

D
ty
pi
ca
lly

de
ve
lo
pi
ng

ch
ild

re
n

Rev J Autism Dev Disord (2017) 4:142–156 145



In contrast, a study in Oman among 3- to 5-year-old pre-
school children with ASD (n = 128) reported that no child in
the study met criteria for overweight or obesity (Al-Farsi et al.
2011). Although prevalence data on obesity in typically de-
veloping preschool-age children in Oman is sparse (Abdul-
Rasoul 2012), overweight rates for this age group are smaller
(less than 2%) than other countries in the Eastern
Mediterranean Region (Alasfoor and Mohammed 2009;
Musaiger 2011); thus, it is not surprising that children with
ASD in this sample did not differ in overweight status given
these base rates. Studies should be replicated and compared
against national averages for overweight and obesity in order
to better understand the impact of excess weight gain for chil-
dren living in countries outside of the USA.

It should be noted that different metrics and assessment
techniques make it difficult to compare results across studies.
Varying sample sizes may also unduly influence results; for
instance, in this review, the sample size included varied from
as few as eight individuals to over 6000. Additionally, sample
sizes are generally gathered from academic studies, or ASD
treatment networks, such as Autism Speaks. Therefore, it is
possible that the study samples consist of families who are
treatment seeking, and may be more actively involved in
ASD care compared to other families. Future research should
seek to apply meta-analytic techniques in order to provide
common metrics and effect sizes for these findings.

Discussion

Research evidence indicates a consistent picture: childrenwith
ASD show similar or even an increased prevalence of over-
weight and obesity than typically developing children. These
higher rates appear not only within the USA but internation-
ally as well. The unanswered question as to why the rates of
overweight and obesity are higher among children and ado-
lescents with ASD compared to typically developing youth is
a puzzling one, with multiple factors exerting influences alone
and in complex interactions. Thus, there is a critical need to
elucidate the factors that contribute to the incidence and per-
sistence of overweight and obesity in this population, with an
emphasis on targeting these maintaining factors in order to
promote weight loss and improve overall health. The follow-
ing discussion seeks to identify crucial factors that may be
contributing to excess weight gain for youth with ASD, fur-
ther highlighting the need for targeted weight loss intervention
programs developed specifically for this population.

Etiology and Development of Overweight and Obesity
in Children with ASD

While the etiology of obesity is multi-determined, this review
will discuss relevant influences, such as the role of

medication, the contribution of genetics, the impact of the
obesogenic environment, and the relevance of parent feeding
behaviors that may be related to excess weight gain in this
population. Several key factors may be contributing to the
rates of overweight and obesity in children with ASD, includ-
ing physical limitations (Pan 2008), unusual dietary patterns
(Curtin et al. 2005), sensory integration difficulties (Cermack
et al. 2010), and challenging mealtime behaviors (Nadon et al.
2011). The potential impact of each factor on children with
ASD will be discussed in the following sections.

Medication Hypothesis

Several different hypotheses from the research literature could
help explain why children with ASD have equal to higher
prevalence rates of obesity than typically developing children.
An estimated 56% of the children with ASD are prescribed
medication to helpmanage symptoms and behaviors related to
the diagnosis (Pringle et al. 2012). The medication hypothesis
focuses on the various different prescription medications that
children with ASD are often prescribed—from stimulants to
selective serotonin reuptake inhibitors (SSRIs) to atypical an-
tipsychotics (Pringle et al. 2012)—and the side effects com-
monly associated with these medications, including weight
gain, increased appetite, and metabolic changes.

In fact, the medication information sheet for risperidone
(RISPERDAL®), an atypical antipsychotic approved by the
Food and DrugAdministration to target irritability and aggres-
sion in children with ASD, warns that Bwhen treating pediatric
patients with RISPERDAL® for any indication, weight gain
should be assessed against that expected with normal growth^
(Janssen Pharmaceuticals 2014). In addition to irritability and
aggression, risperidone is also prescribed to target disruptive
behaviors, such as self-injury, impulsivity, and the restricted,
repetitive stereotype behaviors often seen in ASD
(McCracken et al. 2002; McDougle et al. 1998; McDougle
et al. 2005). Children with ASD and behavioral problems
who took prescribed risperidone showed greater weight gain
and increased appetite compared to a placebo in clinical trials
(McCracken et al. 2002). One study showed an average in-
crease of 7.5 kg (16.5 lb) over 12 months of risperidone
among children and adults with ASD and other psychiatric
disorders, with the majority of the weight gain occurring with-
in the first 6 months of starting the antipsychotic (Janssen
Pharmaceuticals 2014). After 1 year of use, children and ado-
lescents gained comparable amounts of weight while taking
this medication, with children ages 8–12 years old gaining
8.2 kg (18.08 lb) and adolescents ages 13–16 years old
gaining 8.4 kg (18.52 lb) on average (Hellings et al. 2001).
The Pediatric Psychopharmacology Autism Network reported
an average 5.1 kg (11.24 lb) increase in weight over a 6-month
trial of risperidone in children 5–17 years old with autism
(Research Units on Pediatric Psychopharmacology Autism
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Network 2005). Among youth treated with risperidone for a
variety of psychiatric conditions, individuals who started the
medication treatment at a lower BMI gained more weight at
the end of a 3-year study period (Calarge et al. 2009).

Double-blind placebo-controlled clinical trials produced
mixed results as to the efficacy of SSRIs in targeting behav-
ioral problems in children with ASD, with one study finding a
reduction in repetitive behaviors but not overall global behav-
ior symptoms for the medication group (Hollander et al.
2005), whereas another study did not report any treatment
benefits for children taking an SSRI compared to a placebo
control (McDougle et al. 2000). A review paper investigating
the use of SSRIs for children with ASD found an overall
moderate impact on behavioral symptoms and global func-
tioning; however, the authors cautioned that these improve-
ments were often accompanied by side effects related to the
medication (West et al. 2009). In fact, the evidence suggests
that children with ASD may experience a greater number of
side effects than typically developing children, even at small
medication doses (West et al. 2009). Documented side effects
of SSRIs include trouble sleeping, gastrointestinal distur-
bances, appetite and weight changes, and suicidal ideation
(Ferguson 2001; Jerrell 2010; Safer and Zito 2006).
However, the atypical antipsychotics are more known for in-
creasing appetite and weight gain across a variety of psychi-
atric disorders (Almandil et al. 2013; Bak et al. 2014;
Tschoner et al. 2007), with a more clearly defined relationship
with weight gain in children among this class of drugs, com-
pared to SSRIs (Reekie et al. 2015; Yoon et al. 2016). It is
important to acknowledge that children with ASD may be
taking a combination of medications, and thus, it can be diffi-
cult without methodically rigorous randomized controlled
clinical trials to fully evaluate the efficacy of each drug in
isolation, and to separate out potential side effects, such as
weight gain, for each medication uniquely.

However, a growing body of research literature suggests
mixed effects in terms of weight gain from these medications.
One study found that risperidone did not relate to a significant
weight change from baseline to a 12-month follow-up, though
the authors recommend interpreting these results cautiously,
as only 18 individuals were included in the longitudinal anal-
yses (Demb et al. 2011). Additionally, studies that have con-
trolled for psychotropic medication use found no impact on
weight in children with ASD across medication categories
(Broder-Fingert et al. 2014; Egan et al. 2013). Further, stimu-
lant use is thought to decrease, not increase, appetite, and
weight, particularly for children with ADHD (American
Academy of Pediatrics 2001; Charach et al. 2004; Cormier
2008; Zachor et al. 2006). Thus, given the recent inconsistent
findings, it appears that while medication use might play a role
in increasing weight among children with ASD, it is unlikely
that medication alone contributes solely to the observed rates
of overweight and obesity in this population.

Genetic Predispositions

Obesity has a highly genetic and heritable component, with
estimates regarding BMI and obesity ranging from 0.60–0.74
in children (Haworth et al. 2008). Thus, genetic predispositions
account for one of many independent contributors to childhood
obesity (Farooqi 2005; Silventoinen et al. 2010; Wardle et al.
2008). Researchers found a much smaller influence of shared
environmental factors (0.12–0.22; Haworth et al. 2008), though
gene × environment interactions should also be considered.
Similarly, ASDs have also been shown to have a high degree
of genetic influence, with a moderate genetic heritability found
in twin and family studies, ranging from 37 (Hallmayer et al.
2011) to 54% (Gaugler et al. 2014). Researchers established
interactive databases to examine clinical, genetic, and neurobi-
ological data to better understand the risks associated with ASD
(Fischbach and Lord 2010).

Researchers identified 36 common genes involved in both
obesity and ASD (Sharma et al. 2012). One particular area of
interest involves the microdeletion 11p14.1, which has been
implicated in both autism and obesity (Shinawi et al. 2011).
The 16p11.2 copy number variant, deletion is implicated both
in ASD and in increased BMI (Bochukova et al. 2010;Walters
et al. 2010). Another area of research interest involves brain-
derived neurotrophic factor (BDNF). BDNF deletion is found
in 76.50% of the patients with autism compared to 42.30% of
the patients without in a sample of individuals with WAGR
syndrome (a genetic syndrome also known as WAGR com-
plex or Wilms tumor-aniridia syndrome), which suggests a
potential role for BDNF in understanding the increased risk
of autism for these patients (Fischbach et al. 2005; Xu et al.
2008). While novel technology and updated scientific
methods may continue to advance the understanding of the
human genome, it is important to consider that the majority of
genetic predispositions are merely probabilistic, as opposed to
deterministic. Future research is needed to better understand
what genetic link, if any, connects ASD and obesity.

Obesogenic Environment

The current obesogenic environment—replete with abundant
food cues plus limited opportunities for physical activity—is
established as one of the leading contributors to excessive
weight gain occurring among today’s children and youth
(Kirk et al. 2010; Swinburn et al. 1999). Individuals are
thought to be more responsive to these highly palatable food
cues and, given the ease at which these foods can be accessed,
are thought to overeat and thus gain weight (Jansen 1998;
Polivy et al. 2008). Of note, this explanation for the increasing
rates of overweight and obesity among youth in the USA does
not apply exclusively to typically developing children. Newly
developed treatments are targeting food cue responsivity and
overeating in children (Boutelle et al. 2015b), which
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emphasize the difference between cravings (Bhead hunger^)
and physiological hunger states (Bstomach hunger^).
However, children with ASD may have a harder time
distinguishing between these two internal states, and may
not be able to think flexibly enough to grasp abstract, meta-
phoric concepts such as Bhead^ versus Bstomach^ hunger.
Strategies targeted at circumventing the obesogenic environ-
ment might work well for typically developing children, but
differences in cognition and information processing may pro-
hibit success in these treatment programs for children with
ASD. Thus, children with ASD may be more susceptible to
food cues around them and have less opportunities to under-
stand how to modify their environments or practice skills that
would allow them to limit excess weight gain.

Parent Feeding Practices

Restrictive parent feeding practices show a relationship with
disordered eating (Matheson et al. 2015) and greater BMI in
typically developing children (Faith et al. 2004). Higher levels
of eating in the absence of hunger are related to greater ma-
ternal use of psychological control and parent monitoring of
feeding behaviors (Liang et al. 2016). Compared to typically
developing children, mothers report greater emotional re-
sponse and behavioral control practices, but less control of
their child’s feeding situation, for children with ASD
(Martins et al. 2008). Parent control of child feeding is in-
versely related to ASD severity (Martins et al. 2008).
Restrictive and controlling feeding practices may have unin-
tentional effects on weight gain and growth trajectories.
Providing parents with psychoeducation as to which strategies
to implement in feeding their children may serve to decrease
rates of overweight or obesity or, at the very least, to limit
excess weight gain.

Physical Limitations

Children with ASD frequently have physical limitations, such
as low muscle tone and postural instability, which limit mo-
bility. Additionally, children with ASD often have coordina-
tion and motor control deficits (Fournier et al. 2010; Green
et al. 2009), which also contribute to decreased physical ac-
tivity and increased sedentary behaviors. Coupled with diffi-
culties in interpersonal interactions, children with ASD may
be less likely to engage in active play during recess or to join
an afterschool recreational sports league, with more limited
opportunities to burn calories and receive health benefits as-
sociated with regular physical activity. A research study in
which children with ASD wore accelerometers over 7 days
to track physical activity found that children ages 9–11 spend
on average 17 min per day in moderate to vigorous physical
activity, whereas adolescents ages 12–18 spend only 10 min
per day (MacDonald et al. 2011). The totals for these age

groups are much less than the recommended 60 min per day
guidelines established by the American Academy of
Pediatrics. In fact, across age categories, this study showed
that children with ASD were engaged in vigorous physical
activity for an average of only 1 min per day (MacDonald
et al. 2011).

Increased sedentary behaviors and decreased physical ac-
tivities are documented among children with ASD, particular-
ly for older children who were found to be significantly more
inactive than younger children in a recent study (MacDonald
et al. 2011). The amount of time that children with ASD spend
on computers and screens also contributes to increased seden-
tary behaviors. Studies indicate that high percentages of youth
with ASD (60.30% in one sample) reported spending most of
their time watching television or videos, and nearly half of the
sample (41.40%) endorsed playing video games with most of
their free time outside of school (Mazurek et al. 2012).
Compared to only 18% of the youth without ASD reporting
high levels of video game time, children with ASD spend
substantially greater periods of time interfacing with screens
(Mazurek et al. 2012). One study reported that 94% of the
participants (14 children ages 8–14 years old with ASD) cited
use of technology and screens as the most frequent reason for
not participating in physical activity after school, and that
children in this study with low levels of physical activity rated
technology-interfaced activities as more exciting than exercise
(Obrusnikova and Cavalier 2011). Perhaps children with ASD
may prefer to use screens as a less intimidating interaction
platform, or that parents often employ screens as a method
to decrease disruptive behaviors, or likely a combination of
both. Regardless the reason, the increased screen and technol-
ogy use could be contributing to physical activity deficits and
excess weight gain over time for these youth.

Unusual Dietary Patterns

Children with ASD also have unusual dietary patterns that
could be contributing to the increased prevalence of over-
weight and obesity within this population. Compared to typi-
cally developing children, children with ASD show increased
consumption of sugar-sweetened beverages and snack foods
(Evans et al. 2012). A recent meta-analysis reports that one
serving of a sugar-sweetened beverage per day was associated
with a 0.06 increase in BMI unit for children (Malik et al.
2013). Consuming an excess of 200 to 250 cal per day in
any form—whether from a sugar-sweetened beverage, a snack
food, or excess portion sizes—can equate to an extra 20 to
25 lb per year. Moreover, research also indicates that children
with ASD tend to eat less fruits and vegetables than their
typically developing peers (Evans et al. 2012). Both behavior-
al observations and parent-reported measures identify vegeta-
bles as the most commonly rejected food group among chil-
dren with ASD (Sharp et al. 2013), and are rejected more by
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children with ASD compared to typically developing peers
(Bandini et al. 2010). The preference towards calorically
dense foods and away from foods low in energy density
may be contributing to excess adiposity and weight gain
among children with ASD who also engage in these dietary
patterns.

Sensory Integration Difficulties and Food Selectivity

In addition to dietary preferences that promote weight gain,
children with ASD also experience sensory integration diffi-
culties related to food (Cermak et al. 2010). Children with
ASD may experience restricted preferences related to texture,
taste, color, and shape (Kodak and Piazza 2008; Schreck and
Williams 2006; Schreck et al. 2004), consistent with the re-
stricted interests and repeated behaviors characteristic of the
disorder. As such, preferences related to sameness and selec-
tively around food may in turn impact food choices for chil-
dren with ASD. Children with ASD show increased rates of
food refusal compared to typically developing children
(Bandini et al. 2008). Compared to age and sex-matched typ-
ically developing children, children with ASD engage in more
food neophobia and food avoidance behaviors (Martins et al.
2008). Children with ASD may be more hesitant to try fruits
and vegetables that have different shapes or textures, or their
preference for sameness may limit the food choices parents
present. Parents of children with ASD report a less varied diet
than parents of children without ASDs, in that children with
ASD only eat about half of the foods consumed by typically
developing children across most food categories, with the ex-
ception of consuming about two thirds of the starches group
(Schreck et al. 2004). Researchers hypothesize that the food
selectivity demonstrated in children with ASD may be due to
overresponsivity to the sensory components of foods, includ-
ing textures, smells, and tastes that manifest in a largely un-
known brain-gut connection (Cermack et al. 2010; Horvath
and Perman 2002). These taste preferences may be influenc-
ing parent feeding behavior and child consumption in ways
that contribute to excess weight gain.

Mealtime Behaviors

Various mealtime behaviors also present a unique challenge in
ensuring adequate nutrition while limiting highly caloric
foods for children with ASDs. Children with ASD that have
difficulty staying seated during a meal (Nadon et al. 2011;
Provost et al. 2010) or tend to eat rapidly (Anglesea et al.
2008) may be at an increased risk for overeating. Parent-
reported rapid eating is associated with higher BMI percentile
scores among children with ASD and other feeding disorders
(Seiverling et al. 2011). If hunger and satiety cues are im-
paired, children may report feeling hungry all the time, which
may behaviorally manifest through constantly asking others

for food. Over time, if individuals consistently respond to
these requests by providing food, a child’s overall level of
food consumption would then increase, which could contrib-
ute to excess weight gain. Interventions that focus on provid-
ing support to parents and caretakers, while teaching about
behavioral principles such as extinction bursts, may help man-
age these behaviors and lead to healthier eating and food
choices.

Maintaining Factors of Overweight and Obesity
in Children with ASD

Given that high rates of overweight and obesity among indi-
viduals with ASD persist from childhood to adulthood (Croen
et al. 2015), it is also imperative to better understand what
factors might be maintaining overweight and obesity in this
population. Several facets related to both the disorder and
treatment may provide clues as to important mechanisms to
consider in the maintenance of excess weight for these indi-
viduals. The reinforcing value of food, and its use within
treatment frameworks, may play a critical role. Additionally,
a host of both interpersonal and intra-personal factors may
account for the persistence in weight gain not only within
childhood but also across the life span.

Reinforcing Value of Food

Food is inherently reinforcing, and is needed to sustain every-
day activities of daily living. Yet, food is often viewed apart
from this simplistic nutritional requirement. As food takes on
learned and conditioned meanings, the relationship between
eating and survival can become more distant, influencing eat-
ing behaviors that occur outside of times in which the individ-
ual is responding to a biological need. Once this relationship
with food begins to change, the propensity to overeat and thus
gain excess weight can more readily occur. For instance, food
is a common reinforcer used in behavioral management and
training. In particular, providers tend to use food often high in
caloric content to influence behavior change (Center for
Autism Research 2014). Thus, food becomes a therapeutic
tool, and is associated with times outside of those driven by
the physiological need for food. Parents are often taught to
mimic the skills demonstrated by the therapeutic providers. It
is not uncommon for parents of children with developmental
disabilities to reward children with calorically dense foods for
achieving behavioral targets (Simpson et al. 2006). Although
older research suggests that sensory reinforcers produce more
correct responses than edible ones (Rincover and Newson
1985), the heavy reliance on using food as a motivator in
therapeutic treatments continues to persist (ABA Therapists
2003; Kelly 2008). Using highly palatable, calorically dense
foods as a reinforcer to influence behavior change could have
serious long-term health consequences, particularly among
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children that are already at risk for obesity and weight gain.
Instead, therapists and parents alike should strive to find non-
food reinforcers for children with ASD. Reliance on other
behavioral reinforcement systems, such as token economies
(Matson and Boisjoli 2009), that do not utilize food as a rein-
forcer or reward may help children achieve behavioral targets
while limiting excess caloric intake.

Interpersonal Factors

Interpersonal factors also play a role in weight gain and obe-
sity. For children with ASD, the social interaction difficulties
and communication barriers that define the disorder may have
important implications for food intake and could lead to over-
eating. In a society in which celebration and gatherings are
often centered around food, children with ASD may have
limited options and could engage in overeating behaviors if
socializing and interacting with others are the only choices
offered at such events. Parents, grandparents, and caregivers
may also seek to communicate love and acceptance through
food, as a means of relating to a child that often struggles in
the interpersonal domain. Research has shown that family
food preference predicts child food preference (Schreck and
Williams 2006), and could be impacted by the modeling of
eating behaviors or the foods that families choose to offer.
Often seen as the Bgate-keepers,^ parents are often held re-
sponsible for the types and amounts of foods given to their
child. While parents should not be blamed for their child’s
weight status, parents should be viewed as the Bagents of
change^ in influencing their child’s eating behaviors. Parents
play such a crucial role that studies have found that parent-
only behavioral weight loss treatments perform just as well as
parent-child treatment, in terms of child weight outcomes
(Boutelle et al. 2011). However, weight loss studies typically
exclude children with ASD and other developmental disabil-
ities, and thus, less is known about the role of parents in
influencing weight loss for children with ASD.

Socially, children with ASD may have a difficult time
connecting with loved ones and peers. These children may
be less likely to join a community or recreational sports league
or structured physical activity program, and thus, may have
less opportunity to engage in physical activity. Motor deficits
may present limitations to children participating in physical
education classes or recess at school (Pan 2008). Children
with ASD may prefer to not play with the neighbors or peers
after school and on the weekends, and thus, may require ad-
ditional intervention to engage in social and physically active
outlets. While social interaction difficulties likely do not fully
explain the lower observed physical activity levels among
children with ASD (Pan 2008), it may contribute in important
ways that perhaps are less of a barrier for children without
ASD.

Hunger and Satiety Cues

Intra-individual differences in one’s ability to regulate hunger
and satiety cues may also impact eating behaviors and weight
gain. Several brain regions, including the insula and reward
networks, are implicated in eating behavior and interoceptive
awareness (Volkow et al. 2011). Research shows that the
insula is hypoactive in individuals with autism (Uddin and
Menon 2009). Thus, it is possible that hunger signals may
be altered in children with ASD. Children with ASD may also
have difficulty in identifying and labeling hunger states.
Whereas children without ASD might experience difficulty
in distinguishing internal hunger and satiety, children with
ASD may not have the ability to communicate or express
these bodily sensations. Perhaps children with ASD have
more impulse control deficits (Hill 2004; Rajendran and
Mitchell 2007), and these differences in regulatory control
may make it harder for children to stop eating, particularly
in situations in which high-calorie, highly rewarding food is
readily available. Altered reward networks and brain function-
ing among children with ASD may also explain differences in
eating behavior and weight gain. Neuroimaging studies sug-
gest that, when hungry, children with ASD show increased
responding to food cues in the insula and anterior cingulate
cortex compared to children without ASD (Cascio et al.
2012). This finding suggests that these children may find food
more rewarding, which could be one factor that contributes to
overeating for children with ASD.

Potential Moderating Processes

Family History of Obesity

Several potential moderating processes may also be impacting
weight and eating behavior for children with ASD. In partic-
ular, a family history of overweight and obesity is a risk factor
for children regardless of autism status (Kral and Faith 2009).
Children with one obese parent are twice as likely to be over-
weight, and children with two obese parents are 2.4 times
more likely to be overweight, than children of normal weight
parents (Manios et al. 2007). Parent overweight and obesity is
an independent risk factor for childhood obesity (Agras et al.
2004), with both genetic and shared environmental risk factors
at play. In children ages 6–13 years old, maternal BMI predicts
child BMI z-scores (Gibson et al. 2007). Longitudinal studies
show that obese children have a 50% chance of becoming an
obese adult—compared to only a 10% chance for non-obese
children—and that the risk of obesity in adulthood is higher if
at least one parent is obese, more than doubling the risk for
children under 10 years old (Whitaker et al. 1997).

Parent obesity is also associated with an increased preva-
lence of ASD. Studies indicate that prepregnancy obesity in
mothers relates to a greater increased risk in having children
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with ASD (67% increase; Krakowiak et al. 2012), though this
finding is not consistent across all studies (Brion et al. 2011;
Suren et al. 2014). The population-based Norwegian Mother
and Child Cohort Study reports that while maternal obesity
was weakly associated with increased ASD risk, paternal obe-
sity conveyed a stronger risk, with children of obese fathers
having a 1.73 greater times likelihood of developing autistic
disorder and a 2.01 greater odds for Asperger’s disorder
(Suren et al. 2014). The authors suggest that pleiotropic gene
variants, such as the 16p11.2 deletion mentioned earlier, may
play a role in understanding the connection between obesity
and ASD (Suren et al. 2014). These findings led the authors to
conclude that paternal obesity should be considered an inde-
pendent risk factor for ASDs in children (Suren et al. 2014). It
is less well known whether parent weight status serves as a
moderator of the relationship between child obesity and ASD,
such that only children of overweight or obese parents are
impacted, or if another overlapping mechanism may be ac-
counting for this observed relationship. Given the link be-
tween parent weight status and child ASD diagnosis, it may
also be possible that children with ASD are more likely to
have an obese parent, and thus, more likely to be susceptible
to genetic predispositions to gain weight and develop child-
hood obesity that persist into adolescence and adulthood.

Demographic Characteristics

It is also important to consider demographic characteristics
that might be influencing the relationship between obesity
and ASD, including age, ethnicity, sex, and autism severity.
There appear to be differential relationships among obesity
and ASD based on age. Among a clinical sample of children
with autism, older children and adolescents (12–20 years) had
higher odds of obesity compared to younger children (6–
11 years; Broder-Fingert et al. 2014). Studies suggest that
ethnicity is not a factor in moderating the observed relation-
ship between obesity and ASD (Broder-Fingert et al. 2014).
Autism severity and overall adaptive functioning also do not
appear to be related to weight status in children with ASD
(Egan et al. 2013). Given the limited research evidence exam-
ining these factors, studies should continue to assess and cor-
relate demographic variables of interest with both ASD diag-
nosis and weight.

Interestingly, research studies find differences in sex ratios,
with female children with ASD having reduced odds of obe-
sity compared to male children with ASD (Broder-Fingert
et al. 2014). Future research studies should continue to con-
sider sex as a moderating factor in the relationship between
obesity and autism, particularly given that no sex differences
have been reported for obesity prevalence among children
without ASD (Ogden et al. 2012). Despite largely equal prev-
alence rates, research shows an increase in obesity prevalence
for males, but not females, from 1999 to 2010, with a

significant increase in BMI for adolescent males ages 12–
19 years old (Ogden et al. 2012). Given the strong sexual
dimorphism associated with ASD diagnoses (four males to
one female ratio), studies investigating the overlap between
obesity and autism should continue to examine and account
for potential sex differences as important explanatory moder-
ators and covariates.

Weight-loss Treatment for Children with ASD

Despite the individual consequences and rising public health
costs associated with pediatric obesity, very few studies target
weight loss in children with ASD. Behavioral-based weight-
loss treatments for obesity produce modest weight loss results
in typically developing children (Epstein et al. 1994; Young
et al. 2007) as well as adults (Butryn et al. 2011; Foster et al.
2005; Wadden et al. 2014). These behaviorally based weight-
loss treatments focus on lifestyle modification through topics
related to calorie reduction, self-monitoring, stimulus control,
portion control, physical activity, and problem-solving skills
(Boutelle et al. 2015a). It is currently unknown whether
evidence-based treatments that work for typically developing
children will also be acceptable, feasible, or effective for fam-
ilies with a child on the spectrum. Of note, no study has ex-
amined the feasibility and acceptability of the gold standard
family-based behavioral treatment (FBT; Epstein et al. 2007)
for weight loss within this population of children with ASD. A
pilot project funded by the HealthyWeight Research Network
for Children with Autism Spectrum Disorder and
Developmental Disabilities is currently underway at the
University of California, San Diego, to specifically adapt
FBT to be suited for these families.

Parents may be more directly involved in weight loss ef-
forts for children on the spectrum that require additional mon-
itoring around food and eating behaviors. Parent-only treat-
ments designed to promote weight loss in the target child may
be especially useful to consider, given the physical and cog-
nitive limitations of many children with ASD. Providing par-
ents with psychoeducation about increased prevalence rates of
overweight and obesity as well as strategies they can employ
to limit excess weight gain for their children—such as
switching to non-food reinforcers and promoting physical ac-
tivity among children with ASD— will be crucial.
Therapists and community service providers should also be
educated on the effects of providing children with food as a
reinforcer, and training should be offered to assist clinicians in
using non-food reinforcers in their behavioral treatments
instead.

However, it may be challenging for families to priori-
tize weight-loss treatment for a child that is already receiving
specialized behavioral services for many other domains of
functioning. Parent burnout and motivation will be important
factors to consider when designing feasible and acceptable

Rev J Autism Dev Disord (2017) 4:142–156 151



weight loss interventions for children with ASD. Empowering
parents to promote weight change can be difficult, as behav-
ioral weight loss strategies are time consuming and challeng-
ing to implement. Nevertheless, the health and psychosocial
consequences associated with overweight and obesity have
serious, negative outcomes that can last from childhood to
adulthood, and even influence mortality rates. A greater un-
derstanding of the mediating andmoderating processes related
to the increased rates of overweight and obesity in children
with ASD will provide invaluable targets for treatment and
intervention. Researchers and clinicians alike should strive
to develop effective prevention and intervention programs that
uniquely account for the needs of families and children with
ASD in order to promote weight change and healthier
lifestyles.

Conclusions

This review investigating the factors related to the etiology,
development, and maintenance of overweight and obesity in
children and adolescents with ASD attempted to highlight this
relationship and reveal the paucity of research that currently
exists. Many factors seem to influence the relationship be-
tween weight and autism in children, including genetics, en-
vironmental components, parenting behaviors, and both inter-
and intra-individual factors. It is also important to not simply
think about these factors in isolation, but rather to consider the
complex interactions that are likely occurring to impact
weight status among these individuals.

The present study has several important limitations to con-
sider. This study relies upon the research literature to deter-
mine the rates and potential contributors to obesity in ASD
youth. However, many of the studies surveyed provide little or
no information regarding important areas of interest, including
the socioeconomic and ethno-racial minority status of families
with children with ASD as well as an in-depth assessment of
the effects of gender on study outcomes. The obesity literature
consistently shows the relationship between socioeconomic
status, ethno-racial minority status, and obesity (Ogden et al.
2010; Ogden et al. 2012; Wang and Lim 2012). Furthermore,
the authors acknowledge that this study does not include an in-
depth analysis of the relationship between cognitive function-
ing level and obesity in ASD youth. Ideally, this study would
contain all of the necessary information to form a more nu-
anced analysis of obesity distribution across these relevant
demographic factors. As the literature on ASD and obesity
remains somewhat limited, this type of synthesis is not pro-
vided and remains a limitation of this study.

Clearly, future research is needed to better understand the
cascading trajectory that weight gain in childhood might have
on eating behaviors and weight status in later adolescence and
adulthood. The information reviewed previously likely

generates more questions than answers, which could be con-
sidered an adequate reflection of the field’s current state.
Researchers should continue to investigate mediators and
moderators that may impact weight gain in children with
ASD in order to more accurately inform interventions de-
signed specifically for this population.
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