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Abstract

Introduction: Children and adolescents with autism spec-
trum disorder (ASD) appear to be at greater risk of excess
weight gain. The aim of this systematic review and meta-
analysis was to examine whether children with ASD have a
greater prevalence of obesity and whether the prevalence of
ASD is higher in children with obesity. Methods: We con-
ducted a systematic search on PubMed, Scopus, and PsychIN-
FO until May 21, 2021. We used the meta package in the Rin
order to calculate the pooled prevalence and relative risk of
obesity in children with ASD. Results: We found 20 eligible
studies investigating the prevalence of obesity in children
with ASD, with the prevalence ranging from 7.9to 31.8%and
from 1.4 to 23.6% among controls. All but three studies orig-
inated from the USA. The proportion of children with obe-
sity in ASD populations was 17% (95% confidence interval
[CI]: 13-22). The relative risk of obesity in children with ASD
compared with control children was 1.58 (95% Cl: 1.34-1.86).
There were no controlled studies reporting on the preva-
lence of ASD in children with obesity. Conclusion: Children
and adolescents with ASD have a higher prevalence of obe-
sity than healthy controls. There is a need for further preva-

lence studies of obesity in children with ASD, especially out-
side the USA, since the few European studies carried out
have failed to show a significant difference between obesity
prevalence in children with and without ASD. There is no
knowledge at all regarding the prevalence of ASD among

children with obesity. © 2022 The Author(s).
Published by S. Karger AG, Basel

Introduction

Autism spectrum disorder (ASD) is characterized by
abnormalities in social interactions, social communica-
tion, and repetitive behavior and interests (Diagnostic and
Statistical Manual, 5th edition; DSM-5) [1]. The social def-
icits include lack of social-emotional reciprocity and dif-
ficulty of developing relationships. The repetitive behav-
iors and interests can be characterized by extreme reluc-
tance to change daily routines, and intense interests [1].

The prevalence of ASD worldwide is estimated by the
DSM-5 to be 1% [1]. There are some indications that the
prevalence of ASD is increasing [2], due to changes in the
diagnostic criteria, more refined screening and diagnostic
tools, and an increased awareness of ASD [3, 4]. ASD is
four times more often diagnosed in males than in females

[1].
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Childhood obesity is a growing public health problem
with a negative impact on both physical and mental sta-
tus. It is associated with an elevated risk of cardiovascular
disease and a reduced life span, both related to obesity
later in life but unrelated to adult weight status [5-9]. The
social and emotional consequences of childhood obesity
include impaired quality of life [10], difficulties forming
relationships with peers, being bullied, and depression
[11, 12]. Additionally, weight seems to be programmed
during childhood and adolescence, which makes preven-
tion early in life important in order to reduce the risk of
mental and physical sequelae, including premature death
[13]. The definition of obesity in children, recommended
by The Institute of Medicine and American Academy of
Pediatrics, corresponds to BMI 295th percentile based on
growth charts specific to the child’s age and sex [14]. An
alternative and equivalent definition of childhood obesity
are > two standard deviations of BMI for age and sex, rec-
ommended by the WHO [15].

The prevalence of childhood obesity in the USA has
been estimated at 17% in a study of typically developed
(TD) children and adolescents aged 2-19 in 2014 [16].
Other countries seem to have lower prevalence numbers
than the USA. A Dutch study that assessed children aged
4-16 found the obesity prevalence in boys to be 2.6% and
in girls 3.3% [17].

Children and adolescents with developmental disabil-
ities, including ASD, appear to be at greater risk of excess
weight gain [18]. The reasons for developing obesity are
multifactorial. Typical autistic eating habits in children
with ASD, including selective eating, are one of these fac-
tors [19-22]. Children with ASD exhibit a preference for
energy-dense foods, sweetened beverages, and snack
foods [23] and have a low intake of vegetables [19, 23, 24]
compared with their TD peers.

The most effective and commonly used interven-
tions for ASD are educational and behavioral therapies.
No drug has so far been able to improve the social defi-
cits included in the ASD diagnosis. However, second-
generation antipsychotic drugs, such as risperidone,
have been shown to reduce effectively the disruptive be-
haviors typically seen in these children [4]. A negative
side effect of second-generation antipsychotic drugs is
substantial weight gain [4, 25], which probably contrib-
utes to the overrepresentation of obesity in children
with ASD.

The first study that investigated the prevalence of obe-
sity in children with ASD was published in 1997. Forty-
three percent of the children with ASD were suffering
from obesity, and the severity of the obesity correlated
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positively with the severity of the ASD [26]. During the
following 2 decades, a plethora of studies have continued
to report prevalence rates of obesity in ASD populations;
however, the vast majority of studies have been conduct-
ed in the USA.

Based on the above findings, we aimed at conducting
a systematic review and meta-analysis to examine the
prevalence and relative risk of obesity in children diag-
nosed with ASD as well as the prevalence of ASD in chil-
dren with obesity. We hypothesized that there is an over-
representation of obesity in children aged 2-18 diagnosed
with ASD compared with children without ASD. We fur-
ther assumed that the prevalence of ASD in children aged
2-18 with obesity would be higher than the ASD preva-
lence among children without obesity.

Methods

All procedures were performed according to the Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) [27].

Information Sources
The search included PubMed, Scopus, and PsychINFO data-
bases and was conducted between May 7 and May 21, 2021.

Search Process

The search terms to cover ASD were autism, autism spectrum
disorder, Asperger syndrome, and autistic disorder. To make sure
the reports would include at least one of the terms representing
ASD, the searches were designed by using the coded word “OR”
between the terms in the following way, “Autism” OR “Autism
Spectrum Disorder” OR “Asperger Syndrome” OR “Autistic Dis-
order.” The term Pervasive Developmental Disorder was later in-
cluded in the search to cover the earlier term for ASD from the
DSM-IV. “Obesity” OR “Overweight” was added to the search as
well as “Child” OR “Adolescent” to fit the patient group we were
examining. The three different parts of the search were combined
with the coded term “AND” to make sure that all of the segments
of the search were included in the process. The first search had all
these elements put together as follows: (“Autism” OR “Autism
Spectrum Disorder” OR “Asperger Syndrome” OR “Autistic Dis-
order”) AND (“Obesity” OR “Overweight”) AND (“Child” OR
“Adolescent”). The same search was made in all three databases.
In PsychINFO, we excluded books and actively included “Chil-
dren” and “Adolescents” under their age group tab.

The second search was made in order to include the earlier term
for ASD and was composed as follows: (“Pervasive Developmental
Disorder”) AND (“Obesity” OR “Overweight”) AND (“Child” OR
“Adolescent”). The same search was performed in all three data-
bases. In line with the first search, we also excluded books and ac-
tively included “Children” and “Adolescents” under their age
group tab in PsychINFO.

Sammels/Karjalainen/Dahlgren/Wentz



Table 1. Eligibility criteria for the systematic review

Inclusion criteria

Exclusion criteria

Control group

Age of patients in the study group and in the control group: 2-18 years old
>50 people in the study population and control group, respectively

ASD diagnoses consistent with the guidelines of the time

Obesity defined and reported on in the study

Reported prevalence of obesity/ASD in study group and control group

Language other than English
No full-text availability
Reviews

Books

Case studies

Theses

ASD, autism spectrum disorder.

Eligibility Criteria

For eligibility criteria, see Table 1. We did not exclude papers
based on publication date, ethnicity, sex, country of publication,
journal of publication or level of care.

Study Selection

The selection process followed the PRISMA protocol [28]. The
studies found in the databases were first screened by title and ab-
stract. Studies which measured the prevalence of obesity in children
and/or adolescents who were diagnosed with ASD were included, as
well as studies including children and/or adolescents with obesity
who had been screened for an ASD diagnosis. Since the search was
conducted in three different databases some studies could be includ-
ed more than once. Duplicates were excluded using EndNote.

A secondary screening was made on the selected articles in full
text according to the eligibility criteria. This screening was con-
ducted by the first author and by at least one coauthor (all PhDs;
one postdoc and two senior researchers), ensuring that all articles
were read by at least two authors.

Data Collection Process

The relevant data were extracted from the selected studies by
the first author and one of the coauthors in order to minimize se-
lection bias.

Data Items

The variables extracted from the studies were year of publica-
tion, age range of patients, number of study participants, number
of control participants, definition of obesity in the study, how the
ASD diagnosis was assigned, characteristics of the control group
(healthy controls or patients with other psychiatric diagnoses than
ASD), prevalence of obesity/ASD in the study group, prevalence of
obesity/ASD in the control group, study type (e.g., national sur-
veys, retrospective chart reviews, etc.), and other comments.
Whether weight and height had been measured or self-reported
was also noted.

Statistical Analyses

The odds ratios (OR) of having obesity among children and/or
adolescents with ASD versus the control group were calculated for
each of the studies selected for this review. The ORs were calculated
using the following formula: OR = ad/cb. The 95% confidence inter-
vals (CIs) of these ORs were calculated using the following formula:
95% CI = eA[In (OR) + 1.96V(1/a + 1/b + 1/c + 1/d)]. In these formu-
las, a = (n) of exposed cases, b = (n) of exposed non-cases, ¢ = (1) of
unexposed cases, d = (1) of unexposed non-cases [29].

Systematic Review of Autism and Obesity
in Children

Meta-Analyses

We used the meta package in the R version 3.6.2 software to
calculate the pooled prevalence of obesity in children with ASD
and the OR and relative risk compared with controls. We con-
ducted (a) a meta-analysis of the proportion of children with obe-
sity in populations with ASD, (b) a meta-analysis of the OR for
children with obesity in populations with ASD and children with
obesity in populations without ASD, and (c) a meta-analysis of the
relative risk of obesity among children with ASD compared with
children without ASD. We used both the fixed effect model, as-
suming homogeneity, which means no heterogeneity, and the ran-
dom effects model, assuming heterogeneity.

The random effects model assumes that the parameter that we
want to estimate is normally distributed. This model always results
in wider CIs, which take smaller studies into account to a greater
extent. The DerSimonian and Laird method was used for random
effects and the inverse variance method was used for fixed effects
when estimating the OR and the relative risk. The Freeman-Tukey
transformation was used to calculate the weighted summary pro-
portion of obesity in children with ASD under the fixed and ran-
dom effect model.

The extent of inconsistency in the study results was quantified
by calculating I2, defined as (Q — df) x 100%/Q, where Q is the x*
statistic and df its degree of freedom. I? describes the percentage of
the variability in effect estimates that is due to heterogeneity rath-
er than sampling error. I* values vary between 0% and 100%, and
over 75% means considerable heterogeneity. Results from both the
fixed effect and the random effects model will be presented for all
models. The central estimates will often be the same for the fixed
effect and the random effects models. However, the Cls are always
wider for the random effects model. If the central estimates are the
same according to the two models, this does not indicate no het-
erogeneity. If there is no heterogeneity, the fixed effect and the
random effects model will yield the same result, with regard both
to the central estimate and the 95% CI. The publication bias was
estimated for the meta-analyses using a funnel plot.

Results

Study Selection

Regarding the search terms autism, autism spectrum
disorder, Asperger syndrome, and autistic disorder, 1,065
records were found in the three databases. When search-
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Records identified through database search
Pubmed (357+11+108), Scopus (610+28+137) PsychINFO (98+4+37)

(n=1390)

Identification

\4

Records after screening by title and abstract

(n=168)

Duplicates excluded
(n=71)

\4

Screening

Records after duplicates removed

(n=97)

\4

Eligibility

Records available in Full-text

(n=85)
Full-text articles
excluded, with reasons
v (n=65)

quantitative synthesis

Studies included in

(n=20)

y

quantitative synthesis

Studies included in

(meta-analysis)
(n=14)

Fig. 1. PRISMA flow diagram. After screening by title and abstract,
168 records remained. Duplicates (same studies in several data-
bases) were then excluded (n = 71 articles). Ninety-seven articles
remained after the duplicates had been removed. When articles
not available in full text were removed, 85 articles remained. The
full-text papers were screened according to the eligibility criteria,
and 65 papers were excluded leaving 20 studies to be included in
the review. Eleven of the remaining 20 studies were based on data

ing for pervasive developmental disorder, 43 additional
records were identified. The articles were screened by title
and abstract. After duplicates and articles not available in
full text were removed, 85 articles remained. These full-
text papers were screened according to the eligibility cri-
teria by the first author and one of the coauthors. Sixty-
five papers were excluded leaving 20 studies to be includ-
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from the National Survey of Children’s Health (NSCH). Only one
study per NSCH survey year was included in the meta-analysis,
and the selected study should comprise the broadest age span and
the largest number of individuals with autism. Six NSCH studies
were therefore excluded (1 from NSCH year 2004, 3 from NSCH
year 2012, and 2 from NSCH year 2017), leaving 14 studies that
were included in the meta-analysis.

ed in the review. The study selection is thoroughly
reported in the PRISMA flow diagram (Fig. 1) and the
excluded articles that were screened by full text are re-
ported with the reasons for exclusion in online supple-
mentary Table S1 (for all online suppl. material, see www.
karger.com/doi/10.1159/000523943).
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Table 4. Obesity prevalence in the studies included in the review

Author Prevalencein  Prevalencein Ages, p value OR
ASD group, %  control group, % years (for %) (95% Cl)

Barnhill et al. [58] 9.0 7.0 13 0.773 1.36 (0.39, 4.47)
Chen etal.[30] 23.43b 12,236 10-17 <0.001 2.21(1.64,2.97)
Corvey et al. [32] 16.4 9.9 6-17 <0.001 1.79(1.76, 1.81)
Curtin et al. [31] 304 23.6 3-17 0.075 1.41(1.16, 1.73)
de hoogd et al. [43] 15.2 10.3 2-17 0.079 1.55(0.95, 2.52)
Evans et al. [23] 17.0 9.0 2-18 0.09 2.17 (0.68, 6.94)
Esteban-Figuerola et al. [42] 22.8 14 3-12 0.060 1.81(0.99, 3.32)
Healy et al. [45] 79 1.4 2-13 0.073 5.89(0.67,51.75)
Healy et al. [38] 23.1 159 10-17 <0.001 1.58(1.33, 1.88)
Hill et al. [48] 18.0 16.7 2-11 0.12 1.09 (1.00, 1.20)
Hyman et al. [49] 14.0 54 4-18 0.079 1.59 (0.94, 2.69)
McCoy et al. [33] 22.2 14.1 10-17 <0.001 1.74 (1.48,2.03)
Mccoy and Morgan [37] 233 12.5 10-17 <0.001 2.13(1.85,2.45)
Must et al. [34] 23.1 14.1 10-17 <0.001 1.83(1.57,2.14)
Philips et al. [39] 31.8 13.1 12-17 <0.001 3.16 (2.04, 4.90)
Ptomey et al. [44] 244 219 >2 0.428 1.15(0.84, 1.58)
Rimmer et al. [59] 24.6° 13.0¢ 12-18 <0.001 2.18(1.51,3.13)
Shedlock et al. [40] 8.2 4.7 3-11 <0.001 1.81(1.74,1.88)
Tybor et al. [36] 23.0 159 10-17 0.0049 1.58(1.32,1.89)
Voulgarakis et al. [35] 12.6 7.2 2-17 0.015 1.86 (1.50, 2.30)

a Adjusted for age, sex/gender, race/ethnicity. ® Adjusted for household income/poverty-to-income ratio,
household education/parental education/maternal education, geographic location, family structure.

Characteristics of the Included Studies

Table 2 shows the nine studies where weight and height
had been measured by a health professional. In all but two
of these studies, ASD diagnoses had been either assigned
in the study or a previous ASD diagnosis was confirmed
in the study.

Table 3 presents the eleven remaining studies lacking
measurements but reporting anthropometric data. A
common denominator for all these studies were that
weight, height, and ASD diagnoses were based on paren-
tal reports and not assessed by the research teams (see also
the paragraph entitled “National Survey of Children’s
Health” below).

Of all 20 papers, 17 were written in the USA alone or
in collaboration with Canada. The other three were from
the Netherlands, Ireland, and Spain, respectively. Sixteen
papers presented a gender distribution in the ASD group,
and all of them comprised more males than females. The
percentage of males varied between 79% and 92%. Eight
papers included only children above age 10. Four papers
only looked at children in the lower end of the age range
(2-13 years). The number of participants in the studies
ranged between 111 and 292,572 children in total, of
which the number of children with ASD varied between

Systematic Review of Autism and Obesity
in Children

53 and 48,762. Only two studies had control groups con-
sisting of patients with other psychiatric disorders (i.e.,
mood disorder, tic disorder, schizophrenia spectrum dis-
order, disruptive behavior disorder, Down syndrome, in-
tellectual disability).

National Survey of Children’s Health

The National Survey of Children’s Health (NSCH)
consists of cross-sectional national surveys conducted by
the National Center for Health and Statistics at the Cen-
ters for Disease Control and Prevention under the direc-
tion of the Maternal and Child Health Bureau in the USA.
The surveys are population-based and include interviews
conducted with a parent of children aged 0-17 years. If
the household includes multiple children, only one child
is randomly selected to participate. The purpose of the
NSCH is to obtain prevalence estimates for health prob-
lems in a nationally representative sample of noninstitu-
tionalized children, including children with ASD. Until
2016, the interviews were conducted by trained inter-
viewers [30-35], but since 2016, the survey consists of
internet-based parental questionnaires [36-38]. In the
present review, nine papers are based on different surveys
from the NSCH from the years 2003, 2012, and 2016, and
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ASD Control Weight, % Weight, %
Study events total events total Risk ratio OR 95% Cl (fixed) (random)
Barnhill et al, 2017 8 86 4 57 ; 136  (0.39;4.74) 0.1 1.5
Curtin et al, 2010 138 454 20,124 85,272 —0—: 1.41 (1.16; 1.73) 2.6 10.7
Dehoogd et al, 2012 39 256 35 336 — 1.55 (0.95; 2.52) 04 5.9
Evans et al, 2012 9 53 5 58 : 217  (0.68; 6.94) 0.1 1.7
Figuerola et al, 2021 18 79 49 350 —}..— 1.81 (0.99; 3.32) 0.3 4.6
Healy et al, 2017 5 67 1 74 : 589 (0.67;51.74) 0 0.5
Hill et al, 2015 909 5053 1,477 8,844 = ) 1.09  (1.00; 1.20) 12.5 12.3
Hyman et al, 2012 30 362 30 559 — 1.59  (0.94; 2.69) 04 5.4
Mccoy et al, 2019 267 1,144 3,896 31,168 R 213  (1.85;2.45) 52 11.6
Philips et al, 2014 30 93 1,066 8,141 1 ———— 316 (2.04;4.90) 0.5 6.6
Ptomey et al, 2020 262 1,073 60 274 e Eam 1.15  (0.84; 1.58) 1.0 8.5
Rimmer et al, 2010 39 159 1,686 12,973 4 218  (1.51;3.13) 0.8 77
Shedlock et al, 2016 3,998 48,762 11,459 243,810 1.81 (1.74; 1.88) 739 12.7
Voulgarakis et al, 2017 257 2,041 147 2,041 +— 1.86  (1.50;2.30) 2.3 104
1
Fixed effect model 59,682 393,957 é 1.70 (1.65; 1.76) 100.0 --
Random effects model S 1.70 (1.44; 1.99) -- 100.0
Heterogeneity: 12 = 90%, 12 = 0.0533, p < 0.01
T T T 1
03 0.5 1 2 5

Fig. 2. Forest plot of OR between children with ASD and obesity and control children with obesity. ASD, autism
spectrum disorder; OR, odds ratio; CI, confidence interval. The two left-hand columns (“events” and “total”)
correspond to the ASD group, and the next two columns (“events” and “total”) represent the control group.

some of these studies are based on NSCH data originated
from the same year. Only one study per survey year was
included in the analyses, and the study selected should
comprise the broadest age span, and the largest number
of individuals with autism. One article from 2010 used a
similar survey from the same organization, called the Na-
tional Health Interview Survey (NHIS) with the same
principal method [39]. In all these eleven studies, weight
and height are based on parental reports, and no reliabil-
ity assessments of the reports had been performed. Based
on the parental report, BMIs and the obesity prevalence
were calculated. Regarding the ASD diagnosis, the parent
was asked “Has a doctor or other health care provider
ever told you that your child has autism, Asperger’s dis-
order, pervasive developmental disorder (PDD), or other
autism spectrum disorder?” [35]. In 2003, 102,353 inter-
views were performed with a response rate of 55.3% [31],
in 2007 the response rate was 46.7% (91,642 interviews)
[34], in 2012, 95,677 surveys were conducted (response
rate: 23%) [35], and in 2016, 95,677 interviews were made
with a completion rate of 68.7% [38].
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Obesity Prevalence in Children with ASD, including

Meta-Analyses

In the present review, 20 articles were analyzed regard-
ing prevalence estimates for obesity in children with ASD
(Table 4). The prevalence of obesity in the children with
ASD ranged between 7.9% and 31.8%, and between 1.4%
and 23.6% in the control group. The prevalence of obe-
sity was statistically significantly higher in the ASD group
in eleven of the studies (Table 4). The prevalence of obe-
sity was between 7.9% and 22.8% among children with
ASD in the three European studies; prevalence rates that
were not statistically significantly higher than the rates
among the control children without ASD.

The OR for children with obesity in populations with
ASD and children with obesity in populations without
ASD was 1.70 (95% CI: 1.44-1.99) (See Fig. 2). The I
value was over 75% (I? = 90%), signaling high heterogene-
ity, i.e., highly inconsistent study results. When dividing
the data into two forest plots based on whether the par-
ticipants had been measured or not, the parent-reported
studies still showed high heterogeneity (I = 90%) (online
suppl. Fig. Sla, b).

Figure 3 illustrates the forest plot of the proportion of
children with obesity in ASD populations. The pooled
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Weight, %  Weight, %
Study Events Total Proportion  95% ClI (fixed) (random)
Barnhill et al, 2017 8 86 — 0.09 (0.04; 4.74) 0.1 63
Curtin et al, 2010 138 454 ! —_— 0.30 (0.26; 0.35) 0.8 7.7
Dehoogd et al, 2012 39 256 ! — 0.15 (0.11; 0.20) 04 74
Evans et al, 2012 9 53 —_-— 0.17 (0.08; 0.30) 0.1 5.6
Figuerola et al, 2021 18 79 | N 0.23 (0.14; 0.34) 0.1 6.2
Healy et al, 2017 5 67 —o—:— 0.07 (0.02; 0.17) 0.1 6.0
Hill et al, 2015 909 5,053 | + 0.18 (0.17; 0.19) 8.5 8.0
Hyman et al, 2012 30 362 — 0.08 (0.06; 0.12) 0.6 7.6
Mccoy et al, 2019 267 1,144 | P 0.23 (0.21; 0.26) 19 7.9
Philips et al, 2014 30 93 | R 0.32 (0.23; 043) 0.2 6.4
Ptomey et al, 2020 262 1,073 i o 0.24 (0.22; 0.27) 1.8 79
Rimmer et al, 2010 39 159 i —_— 0.25 (0.18; 0.32) 0.3 7.0
Shedlock et al, 2016 3,998 48,762 1 : 0.08 (0.08; 0.08) 81.7 8.0
Voulgarakis et al, 2017 257 2,041 | = 0.13 (0.11; 0.14) 34 8.0
i :
Fixed effect model 59,682 5 0.10 (0.09; 0.10) 100.0 --
Random effects model _ 0.17 (0.13; 0.22) 100.0
Heterogeneity: 12 = 99%, T2 = 0.0107, p < 0.01
I T T T 1
0 0.1 0.2 0.3 04

Fig. 3. Forest plot of proportion of children with obesity in ASD populations. ASD, autism spectrum disorder;

CI, confidence interval.

prevalence of obesity in children with ASD was 17% (95%
CI: 13-22). The study by Shedlock et al. [40], which in-
cludes the largest number of participants by far, domi-
nates the results in this analysis. The separate results from
the fixed effect model and the random effects model con-
firm the skewed representation (Fig. 3).

Heterogeneity, 2, was 98% when all studies were
pooled together (Fig. 3). When the studies were divided
into forest plots based on whether weight and height were
measured (online suppl. Fig. S2a) or reported by parents
(online suppl. Fig. S2b), none of the plots showed an I?
value below 75%.

The relative risk of obesity among children with ASD
compared with children without ASD was 1.58 (95% CI:
1.34-1.86), according to the forest plot shown in Figure
41> was 92%, implying high heterogeneity (Fig. 4). The I*
value in the studies with measured weight and height was
92% (online suppl. Fig. S3a), which was equivalent with
the result in the subgroup of studies where parents had
reported weight and height (online suppl. Fig. S3b). The
relative risk of obesity among the children with ASD in
the three studies from Europe varied between 1.46 and
5.52. The funnel plot showed no publication bias (online
suppl. Fig. $4), indicating that the findings were robust.

Systematic Review of Autism and Obesity
in Children

Sensitivity Analyses

The sensitivity analysis was performed by replacing
the NSCH study from 2004 with the largest sample of
children with autism and the broadest age span, 3-17
years, by Curtin et al. [31], with the NSCH study con-
ducted the same year with the second largest sample of
autism and the second broadest age span, 6-17 years, by
Chen et al. [30]. The same procedure was performed re-
garding the NSCH study from 2012, where Voulgarakis
et al. [35] (age span 2-17 years) was replaced by Corvey
et al. [32] (age span 6-17 years), and the NSCH study
from 2017, where McCoy and Morgan [37] (age span 10-
17; number of children with autism: 1,144) was replaced
by Healy et al. [38] (age span 10-17; number of children
with autism: 750). The sensitivity analysis showed that
the OR, obesity prevalence and relative risk were on a par
with the findings in the original analyses (online suppl.
Table S2, sensitivity analysis 1).

According to Akinbami and Ogden [41], parents may
overestimate overweight among children below the age of
ten. A sensitivity analysis was thus performed where stud-
ies with children below 10 years of age, in combination
with parent-reported anthropometric data, were exclud-
ed. According to the sensitivity analysis, the proportion
of obesity among the children with autism, the OR, and
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ASD Control Weight, % Weight, %
Study events  total events  total Risk ratio RR 95% Cl (fixed) (random)
Barnhill et al, 2017 8 86 4 57 ] 1.33 (0.42; 4.20) 0.1 1.7
Curtin et al, 2010 138 454 20,124 85,272 - 129  (1.12; 1.48) 4.2 10.3
Dehoogd et al, 2012 39 256 35 336 | I T— 146  (0.95; 2.24) 0.4 6.4
Evans et al, 2012 9 53 5 58 : 1.97 (0.70; 5.51) 0.1 2.1
Figuerola et al, 2021 18 79 49 350 A S 1.63  (1.01;2.64) 0.4 57
Healy et al, 2017 5 67 1 74 : 5.52  (0.66; 46.07) 0 0.6
Hill et al, 2015 909 5053 1,477 8,844 PR 1.08 (1.00;1.16) 14,5 109
Hyman et al, 2012 30 362 30 559 i 1.54  (0.95; 2.52) 0.3 5.6
Mccoy et al, 2019 267 1,144 3,896 31,168 - 1.87 (1.67; 2.08) 6.8 10.6
Philips et al, 2014 30 93 1,066 8,141 i _— 2.46 (1.83; 3.32) 0.9 8.1
Ptomey et al, 2020 262 1,073 60 274 —— : 1.12 (0.87; 1.43) 1.3 8.9
Rimmer et al, 2010 39 159 1,686 12,973 - 1.89 (1.43; 2.49) 1.1 8.5
Shedlock et al, 2016 3,998 48,762 11,459 243,810 ] 1.74  (1.69;1.81) 67.7 11.0
Voulgarakis et al, 2017 257 2,041 147 2,041 +— 175 (144, 2.12) 2.2 9.6
1
Fixed effect model 59,682 393,957 <]> 1.61 (1.56; 1.66) 100.0 --
Random effects model P 1.58 (1.34; 1.86) -- 100.0
Heterogeneity: 12 = 92%, 12 = 0.0639, p < 0.01
I T T 1
03 0.5 1 2 5

Fig. 4. Forest plot of the relative risk of obesity among children with ASD compared with children without ASD.
ASD, autism spectrum disorder; RR, risk ratio; CI, confidence interval.

the relative risk were almost the same as in the original
analyses (online suppl. Table S2, sensitivity analysis 2).

In order to prevent a mix of different study designs,
one study with case-control design by Shedlock et al. [40]
and one study with an epidemiological design by Este-
ban-Figuerola et al. [42] were excluded. A sensitivity
analysis implied a slightly lower OR, 1.68 (95% CI: 1.39-
2.04; I?: 88%) versus 1.70 (95% CI: 1.44-1.99; I*: 90%), a
higher proportion of obesity among the children with au-
tism, 18% (95% CI: 14-23; I*: 94%) compared with 17%
(95% CI: 13-22; I*: 99%), and a lower relative risk, 1.56
(95% CI: 1.28-1.91; I*: 89%) versus 1.58 (95% CI: 1.34-
1.86; I%: 92%) (online suppl. Table S2; sensitivity analysis
3).

Two studies used a control group where the partici-
pants had another psychiatric disorder than ASD; in the
study by de Hoogd et al. [43], the control group was re-
cruited from the psychiatric department, and Ptomey et
al. [44] included children with an intellectual develop-
mental disorder and Down’s syndrome in the control
group. A sensitivity analysis, where the two studies with
a psychiatric control group were excluded, was therefore
performed. The OR and the relative risk were marginally
increased compared with the original analysis (online
suppl. Table S2; sensitivity analysis 4).

Obes Facts 2022;15:305-320
DOI: 10.1159/000523943

314

Among the studies where weight and height had been
measured (Table 2), there were two studies, one by Healy
et al. [45] and one by Ptomey et al. [44], where the ASD
diagnoses had only been reported by the parents and not
confirmed by the researchers. In a sensitivity analysis,
these two studies were excluded. The heterogeneity was
not affected by excluding the two studies (online suppl.
Table S2; sensitivity analysis 5).

A subgroup analysis of population-based versus hos-
pital-based studies was conducted to investigate whether
the heterogeneity (I*) could be reduced. Regarding the
population-based subgroup heterogeneity pertaining to
the OR was 76%, the proportion of children with obesity
97%, and the relative risk was 84%. With respect to the
hospital-based subgroup heterogeneity regarding the OR
was 93%, the proportion of children with obesity 99%,
and the relative risk was 94%. Hence, the heterogeneity
remained after the two subgroups were analyzed sepa-
rately (online suppl. Table S2; subgroup analysis 1 + 2).

ASD Prevalence in Children with Obesity

Only one of the 85 articles that were read in full text to
test for eligibility looked at the ASD prevalence in chil-
dren with obesity. The study published by Wentz et al.
[46] was excluded from the review due to the lack of a
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control group. The study reported an ASD prevalence of
13.2% among children with obesity (8.1% among females
and 17.9% among males).

Potential Causes of Obesity Comorbidity Presented in

the Included Studies

Obesity Prevalence in Children with ASD by Sex

All of the papers that reported sex distribution in chil-
dren with ASD showed a male preponderance. This is in
line with ASD prevalence studies in general [47]. No stud-
ies reported a statistically significant association between
obesity prevalence and the gender of the children with
ASD (38, 48].

Obesity Prevalence in Children with ASD Based on

Age

Some articles investigated the relationship between
age and prevalence of obesity in children with ASD. Two
studies found a stabilizing period between 6 and 11 years
among children with ASD, when obesity was not over-
represented compared with TD children [48, 49]. How-
ever, Healy et al. [38] found no association between age
and prevalence of obesity in children with ASD.

Obesity Prevalence in Children with ASD Based on

ASD Severity

Several papers investigated the relationship between
obesity and the severity of the ASD diagnosis. Healy et al.
[38], and McCoy and Morgan [37] found that the obesity
prevalence increased with increasing severity; however,
Hill et al. [48] found no such association.

Eating Behavior, Physical Activity, and Sedentary

Behavior in ASD Children

Evans et al. [23] reported that children with ASD con-
sumed significantly more sweetened beverages, energy-
dense snacks, and fewer meals with vegetables than TD
children. Three studies found children with ASD to be
less likely to participate in physical activity compared
with TD children [33, 37, 45]. This association increased
with age [33, 37]. Several studies reported that children
with ASD were not more likely to participate in sedentary
behavior, e.g., computer use, than TD children [33, 37,
45]. However, sedentary behavior increased with age ac-
cording to one report [33]. These results imply that with
increasing age, children with ASD are less physically ac-
tive, which may be due to several sports being less tailored
to children with ASD.

Systematic Review of Autism and Obesity
in Children

Obesity Prevalence in ASD Based on Medication

Approximately 35% of the children with ASD were on
medication [36-38]. Five studies found an association be-
tween being medicated for ASD and suffering from obe-
sity [32, 36, 40, 43, 48]. One study found no such associa-
tion [38].

Discussion

The major findings of the present systematic review
and meta-analysis were that the prevalence estimates of
obesity among children with ASD was 17%, and the chil-
dren with ASD had a 58% greater risk of developing obe-
sity compared with TD children. When the studies were
divided into subgroups, based on whether anthropomet-
ric data were measured or reported by parents, the preva-
lence estimates and relative risk did not differ between the
subgroup where weight and height had been measured
compared with the subgroup where anthropometric data
had been reported by the parents.

Other meta-analyses published between 2017 and
2020 are in accordance with the findings of the present
study. Li et al. [50] found the pooled estimate of the prev-
alence of obesity to be 21.8% for all age groups, including
adults. They observed an increase in prevalence from
14.8% in age group 2-5 to 23.5% in age group 6-12,29.9%
in age group 13-17, and to 31.3% among those over age
18. The lower prevalence estimates in the present study
are partly explained by only individuals with ASD below
the age of 18 being investigated, while Li et al. [50] also
included adults in their meta-analysis. Kahathuduwa et
al. [51] reported a significantly increased risk of 41%
among children with ASD to develop obesity compared
with healthy control children, and Zheng’s et al. [52]
found a significantly higher prevalence of obesity among
children with ASD than among controls, with an OR of
1.84. Kahathuduwa et al. [51] excluded all studies with
self-reported or parent-reported anthropometric data.
We agree with their reasoning and therefore decided to
divide the studies into two groups: studies where the chil-
dren were measured and studies where the anthropomet-
ric data were based on parental reports. In the present
meta-analysis, many of the studies that had not measured
the children included the largest amounts of participants,
in one case more than a thousand children with ASD and
comorbid obesity [40]. Among the studies where weight
and height had been measured, the relative risk in the
present study was higher than the findings by Kaha-
thuduwa’s et al.[51] (Kahathuduwa et al. [51]: 41%; pres-
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ent study: 58%). However, in line with Kahathuduwa et
al. [51], we found a very high heterogeneity (Kahathudu-
wa et al. [51]: 93%; present study: 92%), and due to this
inconsistency, these data must be interpreted with cau-
tion.

Obesity Prevalence in Children with ASD

The prevalence of obesity in children and adolescents
in the present review ranged between 7.9% and 31.8%.
The prevalence of obesity was statistically significantly
higher in the ASD groups than in the control groups in
twelve of the 20 studies. All but 3 of the 20 studies were
conducted in North America, which limits our chances of
drawing any general conclusions regarding the preva-
lence of obesity in children with ASD in other countries.
There were indications of a relationship between the
prevalence of obesity and age; the older the children with
ASD, the higher the prevalence of obesity. A systematic
review published in 2020 [50] corroborates our observa-
tion. That review showed a higher prevalence of obesity
in the age group 13-17 than in younger age groups. The
use of psychotropic medication, less physical activity, and
an excess intake of high-calorie foods and drinks were
factors in the present review that contributed to the high-
er prevalence of obesity in the young populations with
ASD.

Out of the 20 studies in the systematic review, there
were seven studies with the lower end of the OR CIs be-
low 1 (Table 4). These seven studies had the smallest
number of study participants with ASD, ranging between
79 and 1,073. This may imply that these studies had too
few participants to reach a significant difference between
the index groups and the controls. However, the report
by Hill et al. [48], with a nonsignificant difference of obe-
sity prevalence between participants with ASD and
healthy controls, included a large study population (n =
13,897). Hill et al. [48] used a control group consisting of
healthy controls from the National Health and Nutrition
Examination Survey. The study by Hyman et al. [49],
which used the same control group as Hill et al. [48], also
presented a nonsignificant difference between groups.
The control group used by the two studies [48, 49] had
the second highest obesity prevalence of all control
groups (16.7%), which may explain the nonsignificant
results.

Only three of the studies in the present review were
performed outside North America. They were performed
on children living in Ireland [45], the Netherlands [43],
and Spain [42]. None of the studies showed a significant
difference between the ASD group and the control group.

Obes Facts 2022;15:305-320
DOI: 10.1159/000523943

316

The study made in Ireland had the overall lowest preva-
lence of obesity, both in the ASD group and in the control
group (7.9% vs. 1.4%, OR 5.89 [0.67, 51.75]). The num-
ber of participants was the second smallest (n = 141) of
all studies, which may have yielded inadequate power to
attain significant results. The study from the Netherlands
[43] was one out of two studies [44] with a psychiatric
control group, which may be a reason for the nonsignif-
icant result, indicating a higher risk for children with
psychiatric diagnoses in general to suffer from obesity
compared with TD children. However, since the Irish,
the Dutch, and the Spanish reports are the only three
studies made outside the USA, we still lack enough data
to draw any conclusions regarding obesity prevalence in
other parts of the world than the USA. Moreover, the
three European prevalence studies tended to have gener-
ally lower prevalence rates than the studies from the
USA. One may surmise that there would be higher rates
of obesity in children with ASD in the USA compared
with children with ASD in other countries, since child-
hood obesity in general is more prevalent in the USA
than in other western countries [53]. In addition, a re-
view of children with comorbid ASD and overweight/
obesity noted that living in the USA was a positive mod-
erator of the association between ASD and overweight/
obesity [51].

National Survey of Children’s Health

Some of the studies made by the NSCH were per-
formed during the same years and therefore from exactly
the same study population. All NSCH studies were eligi-
ble for the systematic review, but only one study per year
was included in the meta-analysis.

Four studies originated from the NSCH in 2012. Must
etal. [34] and McCoy et al. [33] had an age range between
10 and 17 years, Corvey et al. [32] between 6 and 17 years
and Voulgarakis et al. [35] between 2 and 17 years. In the
two studies with the same age range (10-17 years), the
number of participants was very similar, McCoy et al.
[33] having 915 participants with ASD and 41,879 healthy
controls, and Must et al. [34] having 925 children with
ASD and 42,852 healthy controls. Must et al. [34] had
more males in their sample (83.7% vs. 81%). The obesity
prevalence in the two studies was the same in the two
control groups (14.1%), but the obesity prevalence
among the children with ASD was slightly higher in the
study by Must et al. [34] (23.1% vs. 22.2%), as well as the
ORs (1.83 [1.57, 2.14] vs. 1.74 [1.48, 2.03]). The differ-
ences may be explained by a higher rate of males in the
ASD group in the study by Must et al. [34]. However,
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other differences between the two study populations may
also have affected the results. The highest OR among the
four studies performed in 2012 was reported by Voulga-
rakis et al. [35]. They investigated children with the wid-
est age range of the four surveys, which contradicts the
theory that studies with older children/adolescents result
in higher ORs.

The age range of the three NSCH studies performed in
2017 was 10-17 years, and two of the studies had almost
the same results. The two studies by Healy et al. [38] and
Tybor et al. [36] had 750 versus 699 participants with
ASD, and 25,173 versus 23,552 healthy controls, respec-
tively. Both studies reported the obesity prevalence of the
ASD group and the control group to be 23% and 15.9%,
respectively. These similarities suggest that the two stud-
ies contain practically the same participants. Therefore,
when scrutinizing the NSCH studies this phenomenon
should be kept in mind when comparing data and draw-
ing conclusions. The third NSCH study from 2017, per-
formed by McCoy and Morgan [37], had more partici-
pants, alower obesity prevalence in the control group and
a higher OR (2.13 [1.85, 2.45]) than the two other NSCH
studies from that year.

Strengths and Limitations

In this review, all full-text papers were read by two
researchers independently to decide about eligibility
and extract relevant data from the eligible articles.
However, only the first author took responsibility for
the identification step of the PRISMA procedure, and
therefore a selection bias cannot be excluded. Even so,
a quality marker for the screening process was the dis-
covery of the high number of duplicates in the different
searches. In addition, a meticulous search in reference
lists of previous reviews showed a great overlap with the
included papers in the present review and no further
eligible articles were found. Previous reviews have, as
opposed to the present review, included prevalence
studies of both overweight and obesity in children with
ASD. Since obesity is associated with more extensive
physical and psychiatric consequences than overweight,
we decided to focus solely on the group of children with
ASD and comorbid obesity [51]. Compared with previ-
ous systematic reviews and meta-analyses we have nar-
rowed the aim and focused only on children and ado-
lescents, in contrast to Liet al. [50] and Zhengetal. [52],
where all ages were analyzed. Furthermore, as men-
tioned above, we aimed to concentrate on children with
obesity instead of those with either overweight or obe-
sity. In addition, as opposed to Kahathuduwa et al. [51],

Systematic Review of Autism and Obesity
in Children

we included both studies with measured weight and
those where weight was reported by the parent but ana-
lyzed the two subgroups separately. Interestingly, the
prevalence estimates and the relative risk did not differ
between the two subgroups, and for this reason, this
finding may indicate that both studies that rely on pa-
rental report and studies with measured anthropomet-
ric information can contribute reliable data. The pres-
ent study also aimed at investigating the prevalence of
ASD in children with obesity. However, no systematic
review or meta-analysis could be performed since no
controlled prevalence studies were found. This negative
finding is still of great interest due to the knowledge gap
that has been disclosed. Despite a relatively large num-
ber of prevalence studies of obesity in ASD, there has
been a total lack of incentive to explore whether ASD
could be overrepresented in individuals with obesity.

We decided to exclude dissertations, non-English
written papers and studies without a control group, which
may have affected the results, e.g., studies with an origin
outside North America may have been overlooked. One
non-English study was found, but the study did not meet
the inclusion criteria due to the lack of a control group
[54]. The number of databases used was, however, limit-
ed, and more studies could probably be found by search-
ing additional databases such as Google scholar, Web of
Science, etc. This may be considered a weakness. We still
believe that our findings are generalizable since our data
largely corroborate the results of previous systematic re-
views and meta-analyses.

The included studies all used BMI when defining obe-
sity. It is however important to note that BMI does not
provide information on percentage of fat or distribution
of fat. Most of the studies included used a cross-sectional
design, resulting in a limited ability to draw conclusions
about causality [30, 32, 34]. Most of the papers did not
include institutionalized children with ASD, meaning
that the most severe cases of ASD may not be represented
in the data.

The survey-based studies included were based on pa-
rental reports which come with limitations. First, height
and weight reported by parents may not be entirely accu-
rate. A study by Goodman et al. [55] found that regarding
teenagers defined as obese by clinicians, reports of height
and weight from parents could be used when studying
teen obesity and correlates. Akinbami and Ogden [41]
found that parents overestimated the prevalence of over-
weight among younger children to the degree that the re-
searchers advised against using parental reports with re-
spect to children under the age of 10. Weden et al. [56]
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found similar results when looking at children aged 2-13;
underestimating weight increased with age and underes-
timating height decreased with age. The researchers also
recommended caution when studying parental-reported
data on height regarding younger children [56]. Based on
these findings, some of the studies included in this review
were based on surveys with parental-reported anthropo-
metric data, where only children above the age of 10 were
included. However, the papers by Curtin et al. [31] in-
cluded children aged 3-17, Corvey et al. [32] 6-17 and
Voulgarakis et al. [35] 2-17 year-old individuals. Their
results may be less accurate due to the non-trustworthy
parental report pertaining to the children’s anthropomet-
ric data under the age of 10. Children with ASD may con-
sume more health care and may therefore be more fre-
quently measured than TD children. We cannot find any
other reason for parents of children with ASD to be better
or worse at estimating their child’s height and weight
compared with parents of TD children. Kahathaduwa et
al. [51] published a systematic review in 2019 pertaining
to children with ASD and comorbid overweight or obe-
sity. They made, on the other hand, another decision than
in the present study and excluded all studies based on pa-
rental reports regarding weight and height.

A second limitation of the survey-based studies is that
the ASD diagnoses had to be supplied by a health pro-
vider prior to the survey. This condition may have ex-
cluded some children not yet assigned an ASD diagnosis,
due to, e.g., living in an area with limited access to health-
care or poor health knowledge. The low response rates of
the surveys may also lead to an exclusion of the children
with the least attention from healthcare.

A final limitation concerns our predefined exclusion
criteria; we decided to exclude studies with less than 50
participants. Smaller studies, with less than 50 individu-
als, may indicate less representativeness, and the exclu-
sion of smaller studies is noted in other systematic re-
views [57]. Zheng et al. [52] published a meta-analysis on
individuals with ASD and comorbid overweight and/or
obesity, and the sample sizes of individuals with ASD
ranged between 40 and 986,352 participants. They found
14 studies, of which 12 studies corresponded to the same
age group as in the current study, which included 14 stud-
ies. The meta-analysis by Zheng et al. [52] found OR be-
tween children with obesity in populations with ASD and
children with obesity in populations without ASD to be
1.84, which is in accordance with our results (OR 1.75).
Kahathuduwa et al.’s [51] meta-analysis presented 31 re-
ports of prevalence of obesity in children with ASD, and
9 of the studies had less than 50 participants with ASD (4
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studies had less than 30 participants with ASD). Despite
the inclusion of several studies with small sample sizes in
the paper by Kahathuduwa et al. [51], the prevalence of
obesity was fairly similar to our own findings (Kaha-
thuduwa et al. [51]: 22.2% [CI: 18.1-26.9]; present study:
17% [CI: 13-22]). We therefore believe that our decision
to exclude small samples did not cause skewed results.
The results of the funnel plot in the present study confirm
that our findings are robust.

A further predefined exclusion criterion was to ex-
clude studies without a control group. This decision af-
fected one of the three meta-analyses that we performed:
the meta-analysis of the proportion of children with obe-
sity in populations with ASD. As mentioned in the para-
graph above, the proportion of children with obesity in
the present study was in agreement with the findings by
Kahathuduwa et al. [51], where studies without a com-
parison group were allowed.

Conclusions and Implications

The prevalence estimates and relative risk of obesity in
children and adolescents with ASD are increased com-
pared with TD children and adolescents. Publications
with more accurate study design, reporting measured
weight and height, show evidence of a difference between
populations with ASD and TD populations in accordance
with studies relying on parental reports. However, the
meta-analyses showed considerable heterogeneity, which
calls for a conscientious interpretation of the results. Old-
er age, psychotropic medication, less physical activity and
high consumption of high caloric foods and drinks seem
to increase the risk of developing obesity among children
with ASD. The present results suggest that we need to take
further action in terms of preventing the emergence of
obesity in children with ASD, at an early age. In addition,
we have to intervene among those who have already de-
veloped obesity. To include these children in regular
physical activity and guide families towards more healthy
dietary habits are examples of interventions based on re-
search data in the present review. Future prevalence stud-
ies must focus on collecting data also outside the USA; the
few studies that have been conducted elsewhere have
failed to show a statistically significant difference between
obesity prevalence in children with and without ASD.
The present review found no controlled studies on the
prevalence of ASD in children with obesity. This signals
a remarkable knowledge gap. We cannot exclude that a
significant minority of children with obesity may suffer
from ASD, and should be treated accordingly.
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