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Abstract Previous literature suggests children with autism spectrum disorder (ASD)
have a higher prevalence of excess weight than typically developing (TD) children, but
information addressing risk factor concordance between those with ASD and TD
children is lacking. We used a retrospective analysis of children (N = 2610) who visited
an Autism Speaks Autism Treatment Network (AS-ATN) center in the United States or
Canada. This analysis occurred concurrently with two other research teams within AS-
ATN. We found substantial agreement between predictors of weight in children with
ASD and known correlates of obesity in typical children. These included Asian and
Hispanic ethnicities, four medication groups, and psychopathological comorbidities
such as aggression, anxiety, depression, and ADHD symptoms. The similarities of risk
factors for weight between TD and ASD children will allow for use of existing
protocols for weight interventions with minimal modification, saving resources other-
wise spent pursuing new risk factors or treatments.

Keywords Autism .Weight . Overweight . Obesity . Children . Risk factors

Overweight (body mass index [BMI] or weight in kilograms divided by height in
meters squared >85th percentile) and obesity (BMI > 95th percentile) are considered
nutritional disorders (Ito 2006). They contribute to chronic health conditions that have
medical and psychological implications, including greater risk for diabetes mellitus,
metabolic syndrome, cardiovascular problems, depression, low self-esteem, and cancer
(Deckelbaum and Williams 2001; Lobstein et al. 2004). This makes childhood
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overweight and obesity potentially serious issues that can have significant effects on
quality of life, morbidity, and mortality (e.g., Daniels 2006; Deckelbaum and Williams
2001; Freedman et al. 2001). In this manuscript, references to excessive weight (e.g.,
overweight, obesity) are derived from BMI percentiles that fall into the overweight or
obese ranges, unless indicated otherwise.

Youth with intellectual and developmental disabilities (IDD) have been affect-
ed by the increase in weight status. Some research suggests that children with
IDD are impacted to a greater extent than what is experienced by those who are
typically developing (TD; Allison et al. 1998). Differences between youth with
IDD and those who are TD may be due to disability-specific risk factors
(e.g., increased medication use, syndrome specific symptoms) and by increased
behavioral, cognitive, or social difficulties (Chen et al. 2010; Grondhuis and
Aman 2013).

Literature on the prevalence of obesity in children and adolescents with autism
spectrum disorder (ASD) is available from multiple sources. Curtin et al. (2010)
reported that 30.4 % of their sample with autism were obese compared to 23.6 % of
children without autism, although the finding was not statistically significant. De
Vinck-Baroody et al. (2015) made a compelling contrast to a national comparison
sample demonstrating that children with ASD were more likely to be obese than the
general population. Hill et al. (2015) used similar analyses and found that only young
children (ages 2–5 years) with ASD had greater prevalence of overweight and obesity
when compared to the same general population comparison sample used by de Vinck-
Baroody et al. (2015).

Many other studies (e.g., Curtin et al. 2005; Memari et al. 2012; Phillips et al.
2014; Sharp et al. 2014; Xiong et al. 2009) have also found that overweight and
obesity are common problems for children with ASD, although sometimes with
limited information about risk factors and correlates that may cause altered
weight. More information appears to be needed about whether correlates of
obesity in children with ASD are similar to those commonly found in TD
children.

Substantial effort has been dedicated to combatting the rise of childhood overweight
and obesity all over the globe. This Bepidemic^ has been recognized as one of the
biggest health concerns that humans currently face (World Health Organization 2000).
Since experts the world over are working to identify risk factors for childhood obesity
for children in general, we should follow suit with children having ASD. Understand-
ing what correlates are the same for children with ASD and identifying points of
divergence will allow researchers to customize existing treatment protocols and estab-
lish areas where new directions should be pursued.

Children with ASD could be influenced by known risk factors for overweight in TD
children in many ways. For example, youngsters with ASD are often impacted with co-
occurring psychopathology (Simonoff et al. 2008), such as anxiety disorders, attention
deficit hyperactivity disorder (ADHD), and mood disorders, and each disorder may
affect rates of obesity and overweight. Many children with ASD are medicated to
address behavioral or emotional problems or to treat comorbid medical issues
(Grondhuis and Aman 2013). Medications are often accompanied by drug-specific
side-effect profiles; they can diminish or increase appetite, alter metabolic functioning,
or change food preferences (Bernstein 1987).
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Disordered sleep occurs at a greater rate in children with ASD than in TD
children (Hollway and Aman 2011), and overweight adolescents tend to have
more disrupted sleep associated with wakefulness multiple times throughout the
night and shorter sleep duration (Beebe et al. 2007). Overweight children were
also at higher risk for sleep-disordered breathing, such as apnea (Beebe et al.
2007; Flint et al. 2007).

Socioeconomic status (SES) has been identified as a major contributor to obesity.
Children from families in lower income brackets or with less education tend to be
more overweight. Lower income families typically purchase lower quality foods
that are relatively inexpensive (but highly caloric), have fewer recreation areas for
physical activities near home, and engage in more sedentary behaviors (Ebbeling
et al. 2002).

Ethnicity also has a link with SES (Freedman et al. 2007). Freedman et al. (2007)
compared ethnicity, BMI, and family income in TD children and found that body mass
dropped with higher SES for Caucasians and Mexican Americans, but that BMI
percentile increased for African American children as familial income rose. Alterna-
tively, people of Asian descent have historically been lighter than peers from other
ethnicities (Lauderdale and Rathouz 2000).

Some recent papers on the issue of risk for overweight (including this one)
used clinical samples from the Autism Speaks Autism Treatment Network, or
AS-ATN. Two research teams (de Vinck-Baroody et al. 2015 and Hill et al.
2015) used data from all AS-ATN sites and compared prevalence of overweight
and obesity in children with ASD and in TD children and each noted signif-
icantly higher rates of overweight in those with ASD. Both groups studied a
variety of demographic, clinical, sleep, and psychological risk factors by vari-
ous logistic regression analyses that classified the children with ASD as having
obesity/overweight or not. We conducted our analyses concurrently with de
Vinck-Baroody et al. and Hill et al.; whereas they used discrete outcomes, we
were interested in the full range of weight, measured continuously. Hill et al.
used continuous scores for only a total score reflecting quality of sleep,
Vineland Adaptive Behavior Scales (VABS) Adaptive Behavior Composite Score,
and autism symptom severity, measured by the Autism Diagnostic Observation
Schedule (Lord et al. 2000). All other variables used by Hill and colleagues and
deVinck-Baroody et al. were forced into discrete categories that were generally
dichotomous, usually a suboptimal data analytic strategy (Royston, Altman, &
Sauerbrei 2006; Streiner 2002). For example, both studies used an IQ cut-off of
70 to classify participants as ID vs. non-ID, whereas we used the full IQ
continuum. They used the clinical cutoff scores (t scores ≥70) on the Child
Behavior Checklist (CBCL), whereas we used the full range on all subscales of
the CBCL for examining associations with weight.

Participants in our AS-ATN sample were seen between June 2007 and June 2012.
The children in de Vinck-Baroody et al. (2015) were enrolled between December 2007
and September 2012, whereas Hill and colleagues’ (2015) participants were from 2008
to 2013. As such, sample overlap and similarities between potential risk factors under
investigation were unavoidable. Our studies differed in terms of statistical approaches
employed, the use of different variables such as ASD subtype, choice and breadth of
variables used, and the actual sample captured. Additionally, in the current study,
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medication class was broken out far more exhaustively than in the reports of de Vinck-
Baroody et al. and Hill et al.

Objectives

Our goal was to identify risk factors (measured continuously) related to excess
BMI (also measured continuously) in youth with ASD and to compare those
findings to known correlates of obesity in TD children from previously published
literature. Our hypothesis was that the risk variables for overweight in TD
children would hold true for our large sample of children with ASD. If similar
risk factors were confirmed for both children with ASD and TD children, this
could open avenues for preventative treatment and interventions in youth with
ASD that previously were thought to be specific to TD children.

Methods

Our analyses used deidentified data from the AS-ATN, and were approved by both an
institutional review board and by the AS-ATN Scientific Review Committee. The AS-
ATN is a network of medical centers in the United States and Canada that provide
initial diagnoses and follow-up care to children with ASD and their families. The AS-
ATN uses an interdisciplinary team approach that includes psychologists, pediatricians,
neurologists, and psychiatrists. Each AS-ATN site obtained informed consent and
collected physical assessments, IQ, autism-specific testing, and parent-completed forms
to assess health, adaptive behavior, and psychopathology.

Instruments

The AS-ATN gathered a standard array of measures, and the following were included
in our analyses.

Child Behavior Checklist (CBCL)

The CBCL (Achenbach and Rescorla 2001) is a behavior rating scale used to
assess psychopathology in children ages 1.5–18 years, inclusive. It exists in two
age categories, one for ages 1.5–5 years, and another for 6–18 years of age.
The empirically derived questions align to criteria that are divided into (a)
problem scales (Internalizing, Externalizing, and Total Problems), (b) syndrome
scales (Anxious/Depressed, Withdrawn/Depressed, Somatic Complaints, Social
Problems, Thought Problems, Attention Problems, Rule-Breaking Behavior,
Aggressive Behavior, Emotional Symptoms, and Pervasive Developmental Prob-
lems), and (c) DSM-oriented scales (Affective Problems, Anxiety Problems,
Somatic Problems, Attention Deficits/ Hyperactivity Problems, Oppositional
Defiant Problems, and Conduct Problems). Subscale alpha reliabilities reported
for the 1.5–5 year rating form ranged from .66 (Anxious/Depressed) to .92 (for
both Aggression and Externalizing) in a sample of TD children, and were found
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to be comparable for an ASD sample, with the exception of the Somatic
Complaints subscale (Pandolfi et al. 2009).

Vineland Adaptive Behavior Scales-II (VABS)

The VABS (Sparrow et al. 2005) is an individually administered adaptive
behavior scale designed to examine functional skills and normed from birth
to 90 years of age. In order to minimize caregiver burden, the Survey
Interview Form, the shortest of the interview formats, was used. Analyses
used the Adaptive Behavior Composite Score, which was found to be signif-
icantly and negatively correlated (−.49, indicating higher levels of adaptive
behavior were associated with fewer symptoms of autism; de Bildt et al. 2005)
with scores received on the Autism Diagnostic Observation Schedule (Lord
et al. 2000).

Intelligence Assessments

Avariety of intelligence tests were administered at the discretion of site personnel, due
to the heterogeneous presentation of children. The choice of what test to administer
could be based on multiple factors, including language ability, time available for
testing, and/or child cooperativeness. IQ assessments included the Stanford-Binet
Intelligence Scales (Roid 2003), the Wechsler Intelligence Scales for Children-IV
(Wechsler 2004), the Wechsler Preschool and Primary School (Wechsler 2002), and
the Leiter International Performance Scale-Revised (Roid and Miller 1997).

Children’s Sleep Habits Questionnaire (CSHQ)

The CSHQ is a retrospective parent-completed questionnaire to characterize sleep
behavior (Owens et al. 2000). The CSHQ data were assigned to subscales, which
included Bedtime Resistance, Sleep Onset Delay, Sleep Duration, Sleep Anxiety, Night
Waking, Parasomnias, Sleep Disordered Breathing, and Daytime Sleepiness. The
CSHQ has decent internal consistency (.78), and is comparable to other sleep instru-
ments (Spruyt and Gozal 2011).

Height, Weight, and BMI

AS-ATN staff members recorded (a) height, (b) weight, (c) age, and (d) sex. We used an
Excel macro from the Centers for Disease Control to calculate child BMI and BMI
percentile for later analyses (Children’s BMI Group Calculator –Metric Version 2010).

Medication

Common medications were listed by name in the AS-ATN data base. An BOther^
option was also available if an agent was not listed in the choices given. We recoded
medications into their drug classes as (a) stimulants, (b) atomoxetine, (c) SSRIs, (d)
anticonvulsants, (e) antihistamines, (f) melatonin, (g) atypical antipsychotics, (h) alpha-
2 agonists, and (i) other.
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Diagnosis

The ASD diagnosis was based on the Autism Diagnostic Observation Schedule (Lord
et al. 2000), and DSM-IV-TR diagnostic criteria (America Psychiatric Association
2000). Based on available information, the interdisciplinary team diagnosed each child
as having autistic disorder, Asperger’s disorder, or pervasive developmental disorder –
not otherwise specified (PDD-NOS). All data were collected through June 2012, prior
to DSM-5 (American Psychiatric Association 2013) release and the new ASD criteria.

Analyses

We conducted analyses using IBM SPSS Statistics 19 (IBM Corp 2010).
Although the data set started with 6684 individual entries, this number included
multiple entries from many participants. The data were reduced due to multiple
patient visits, and only data from the first recorded visit were retained. While
this typically resulted in use of data from the earliest visit being used, there
were times when the IQ testing, for example, was not completed until a
subsequent visit, in which case IQ data from the later visit were used.

There were substantial data missing from the CSHQ. A MCAR (Missing
Completely at Random) test was run to determine whether the data were missing
in a systematic way or by chance (Little 1988). The statistic, χ2 (2807,
N = 2864) = 3668.71, p < .001, suggested that the data were missing in a
consistent fashion, and could have confounded these analyses. We excluded
participants with missing data, resulting in the final sample size of 2610. There
were occasionally missing data for the CBCL scores (roughly 10 cases per
subscale for the entire sample). Because data were missing at random and
affected so few participants, the subscale average was used for missing values.
Multicollinearity was investigated due to the size of the sample, and was found
not to be a concern. A hierarchical regression model was used for this
retrospective chart review to assess the individual contributions of several
variables while keeping data continuous (including BMI percentile), whenever
possible, to allow for the full range of variability to be expressed. Hierarchical
regression models have variables entered in a series of blocks, which allows one
to see if each new group of variables adds variance to the prediction produced by
the previous blocks. This method avoided the use of logistic regression and odds
ratios (used by both de Vinck-Baroody et al. 2015 and Hill et al. 2015), as
interpretation of odds ratios becomes more difficult as the event under investiga-
tion (e.g., overweight/obesity) occurs in more than 10 % of the sample (Katz
2006), which was the case for excess weight. This analytic approach allowed us to
use the full range of available scores by employing as many continuous variables
as possible. Unnecessarily splitting data into discrete categories can reduce power
of statistical tests and cause nuances in the data to be lost (Streiner 2002; Suissa
1991). Furthermore, analyses with discrete outcomes often produce odds ratios to
denote the relationship strength between risk factors and the dependent variable.
This is considered ill-advised when the outcome prevalence is higher than 10 %,
as is the case with obesity, as it can lead to effect size misinterpretation (Katz
2006; Tajeu et al. 2012).
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Participants

Participants were 2610 children and adolescents with ASD seen at the AS-ATN sites
who completed the assessments of interest for this study. Table 1 lists demographic

Table 1 Demographic Information for the Autism Speaks Autism Treatment Network Sample

N % Mean BMI Percentile

SD Range

Sex

Males 2204 84.4 63.44 30.46 0.00–99.99

Females 406 15.6 63.92 30.44 0.10–99.90

Ethnicity

Caucasian 1963 75.2 63.06 30.29 0.00–99.90

African American 221 8.4 66.98 31.20 0.50–99.90

Hispanic 188 7.2 71.84 27.12 0.60–99.99

Asian American 158 6.1 57.47 31.89 0.30–99.90

Other 80 3.1 57.31 32.35 1.00–99.90

DSM-IV-TR Diagnosis

Autistic Disorder 1685 64.6 65.34 30.10 0.00–99.99

PDD-NOS 667 25.5 60.89 30.96 0.00–99.90

Asperger Syndrome 258 9.9 58.45 30.44 0.00–99.90

Mother Education

Less than 8th Grade 18 .7 63.55 36.65 0.10–99.90

Some high school 73 2.8 68.65 28.77 2.10–99.99

High school diploma 413 15.8 66.44 30.13 0.00–99.90

Some college 817 31.3 64.68 30.14 0.00–99.90

Bachelor’s degree 720 27.6 62.57 30.67 0.00–99.90

Graduate degree 421 16.1 61.76 29.85 0.20–99.90

Absent or no info 148 5.7 55.87 32.34 0.40–99.99

Father Education

Less than 8th Grade 19 .7 58.68 35.57 0.10–99.90

Some high school 91 3.5 73.35 25.34 8.40–99.90

High school diploma 512 19.6 69.11 28.71 0.00–99.90

Some college 592 22.7 62.36 30.54 0.30–99.90

Bachelor’s degree 644 24.7 61.88 31.02 0.00–99.90

Graduate degree 432 16.5 60.67 30.20 0.20–99.90

Absent or no info 320 12.3 61.30 21.75 0.40–99.99

Total Sample 2610 100 63.53 30.45 0.00–99.99

Mean SD

Age in months 76.15 40.06

SD = Standard Deviation. Other (in Ethnicity) included people who identified as something different than
Caucasian, African American, Hispanic, or Asian American
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characteristics of the total sample. The participants ranged in age from 1.8 years to
18.1 years; average age was 6.4 years, with a standard deviation of 3.3 years. There were
2204 males (84.4 %), 1963 children (75.2 %) were Caucasian, and 1685 participants
(64.6%) had autistic disorder based onDSM-IV-TR. A plurality of mothers had completed
some college (n = 817, 31.3 %), while fathers were most likely to have bachelor’s degrees
(n = 644, 24.7%). Table 2 presents the frequency of medication use; medicines were taken
by 1123 participants (43 %). In all, 1487 received no medication, 605 received one, and
the remainder (518, 19.8 %) received two or more medicines. The catch-all category of
Other was used most (n = 663, 24.3 %) and included an array of agents (e.g., aspirin,
complementary and alternative medicines, diabetes treatments) not listed on standardized
medication forms. Table 3 shows mean subscale scores for CBCL and CSHQ, mean full-
scale IQ score, and mean Adaptive Behavior Composite score for the VABS.

Results

For the sample of 2610 subjects, 118 (4.5 %) children were underweight, 859 (32.9 %)
were overweight, and 452 (17.3 %) were obese based on BMI percentile. Thus, 1633
(62.6 %) children in the sample had normal weight for height. BMI percentile scores for
participants in this study ranged from 0.00–99.99 %, with a mean BMI percentile of
63.53 % and standard deviation of 30.45 %. Please see Table 1 for additional BMI
percentile information for sex, ethnicity, diagnosis, and maternal/paternal education.

Table 2 Medication Use and Frequency (Alphabetically ordered)

N % of total sample

Alpha-2 Agonists 156 6.0

Antihistamines 227 8.7

Atomoxetine 49 1.9

Atypical Antipsychotics 150 5.7

Melatonin 263 10.1

Mood Stabilizers 62 2.4

Other* 663 24.3

SSRIs 151 5.8

Stimulants 274 10.5

Number of Medications

0 Medications 1487 57.0

1 Medication 605 23.2

2 Medications 254 9.7

3 Medications 153 5.9

4 Medications 81 3.1

5 Medications 24 0.9

6 Medications 4 0.2

7 Medications 2 0.1

*Other included both psychotropic and non-psychotropic medicines
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Selected results from our hierarchical analyses can be seen in Table 4. Significant
findings are in bold and include Hispanic ethnicity, SSRIs, alpha-2 agonists, high
scores on the Withdrawn/Depressed or Aggressive Behavior CBCL subscale and Sleep
Disordered Breathing CSHQ subscale being associated with greater weight. Being of
Asian descent, higher levels of parental education, stimulants or atomoxetine use, and
high scores on the Anxious/Depressed CBCL subscale were negatively associated with
weight. Participants diagnosed with autistic disorder were heavier on average than
participants with PDD-NOS. Table 5 is a statistical summary of this analysis and
includes measures of model significance, block significance, amount of variance (a
measure of effect size) associated with each block, and change in variance as blocks
were added.

Table 3 Scores on CBCL, CSHQ, IQ tests, and VABS, N = 2610

Mean SD Range

CBCL (t scores)

Affective Problems 62.64 9.16 50–95

Aggressive Behavior 61.19 10.39 50–100

Anxiety Problems 60.80 9.93 50–100

Anxious/Depressed 58.64 9.99 50–100

ADHD Problems 62.03 8.43 50–83

Emotion Problems* 62.04 10.39 50–100

CD/ODD 60.03 9.18 50–91

Pervasive Development Problems* 73.10 9.22 50–98

Rule Breaking Behavior** 56.65 6.58 50–84

Social Problems** 64.64 8.71 50–98

Somatic Complaints 59.32 8.41 50–96

Thought Problems** 68.54 8.63 50–92

Withdrawn/Depressed 67.88 10.27 50–100

CSHQ

Bedtime Resistance 9.10 3.28 6–18

Sleep Onset Delay 1.73 0.79 1–3

Sleep Duration 4.30 1.70 3–9

Sleep Anxiety 6.12 2.07 4–12

Night Waking 5.07 0.89 3–9

Parasomnias 9.57 2.12 7–19

Sleep Disordered Breathing 3.46 0.92 3–9

Daytime Sleepiness 13.42 2.62 8–23

Total Sleep Disturbance 49.69 8.03 36–83

IQ Scores 77.70 25.54 20–148

Adaptive Behavior Composite Score 71.69 13.89 20–150

CBCL = Child Behavior Checklist; CSHQ = Children’s Sleep Habits Questionnaire; VABS = Vineland
Adaptive Behavior Scales, II

*Obtained only in 1.5–-5 version of CBCL (n = 1,464); ** Obtained only in 6–-18 version of CBCL (n =
1084); the alternative version of the CBCL does not have a similar subscale
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Table 4 Summary of hierarchical regression analysis predicting BMI centile

B SE B p β Partial
Correlation

Block 1

Demographics

Age (months) .000 .015 .984 .000 .000

Sex .465 1.639 .777 .006 .006

African American 3.284 2.176 .131 .030 .030

Asian -5.487 2.531 .030 -.043 -.042

Hispanic 8.415 2.328 < .001 .071 .071

Other Ethnicity -5.589 3.479 .108 -.032 -.031

Mother Education .830 .530 .118 .040 .031

Father Education -.870 .437 .047 -.051 -.039

Block 2

Medications

Stimulants -9.705 2.055 <.001 -.098 -.092

Antihistamines 3.259 3.518 .354 .030 .018

Melatonin 1.967 3.546 .579 .019 .011

Atomoxetine -13.716 4.413 .002 -.061 -.061

SSRIs 7.015 2.694 .009 .054 .051

Alpha-2 Agonists 5.424 2.570 .035 .042 .041

Anticonvulsants 5.996 3.982 .132 .031 .030

Atypical Antipsychotics 2.297 2.825 .416 .018 .016

Other Medication -1.051 1.284 .413 -.017 -.016

Block 3

Sleep Problems

Bedtime Resistance .209 .286 .464 .023 .014

Sleep Onset Delay -.516 .839 .539 -.014 -.012

Sleep Duration -.358 .412 .385 -.020 -.017

Sleep Anxiety -.230 .438 .600 -.016 -.010

Night Waking .180 .694 .796 .005 .005

Parasomnias .298 .326 .362 .021 .018

Sleep Dis. Breathing 2.336 .688 .001 .071 .067

Daytime Sleepiness -.234 .249 .346 -.020 -.019

Block 4

Comorbid Psychopathology

Affective Problems .060 .109 .580 .018 .011

Aggressive Behavior .285 .137 .038 .097 .041

Anxiety Problems -.109 .059 .064 -.036 -.037

Anxious/Depressed -.315 .086 .001 -.096 -.072

ADHD Problems -.127 .093 .173 -.035 -.027

CD/ODD .124 .140 .374 .038 .018

Somatic Complaints .032 .088 .715 .009 .007

Withdrawn/Depressed .141 .071 .048 .048 .039
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CBCLVersion

In the first model tested, the CBCL subscales were limited to only those common to the
1.5–5 year form and the 6–18 year form. We could not include Emotional Symptoms,
Pervasive Developmental Problems, Rule-Breaking Behavior, Social Problems, and
Thought Problems in the previous models because they were only assessed on one
version of the CBCL (preschool vs. school age). We also thought it prudent to
investigate the preschool and school-age groups separately to determine whether the
age-specific subscales were associated with excess weight.

For the younger 1.5–5 years CBCL group (see Tables 6 and 7), there were 1464
participants. In this model, age, use of stimulants, Withdrawn/Depressed scores, and
ASD subtype were all significant predictors of BMI. Interestingly, other variables that
were previously significant, such as ethnicity, paternal education, other medications
(e.g., SSRIs), and sleep disturbances failed to emerge in this model.

There were 1084 older youth evaluated using the 6–18 year version of the CBCL
(see Tables 8 and 9). African American ethnicity, Hispanic ethnicity, stimulants,
atomoxetine, alpha-2 agonists, Aggressive Problems, Anxious/Depressed, ADHD
Problems, Somatic Complaints, IQ, Adaptive Behavior Composite Score, Sleep Dis-
ordered Breathing, and ASD subtype were all significant predictors of BMI centile.
Whereas there were fewer youth in the older CBCL category, more variables were
significantly associated with BMI centile than the younger group.

In addition, we probed for interactions to evaluate whether age truly affected the
relationship between weight and variables that could be measured in both age groups.

Table 4 (continued)

B SE B p β Partial
Correlation

Block 5

IQ Score -.026 .028 .363 -.022 -.018

Adaptive Behavior Composite .051 .820 .005 .004 .012

Block 6

ASD Subtype -1.964 .730 .007 -.056 -.052

Bold entries indicate significance at p < .05

Table 5 Total sample: Overview of hierarchical regression analysis predicting BMI centile

Block R2 Adjusted R2 ΔR2 Change F(p) Overall F(p)

1. Demographics .012 .009 3.840 (<.001)

2. Medications .031 .024 .019 5.668 (<.001) 4.837 (<.001)

3. Sleep Problems .037 .028 .006 2.164 (.027) 3.993 (<.001)

4. Psychopathology .046 .034 .009 3.006 (.002) 3.773 (<.001)

5. IQ/Adaptive Beh. .046 .033 .000 .414 (.661) 3.579 (<.001)

6. ASD Subtype .049 .036 .003 7.966 (.005) 3.710 (<.001)

Bold entries indicate significance at p < .05
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Table 6 Summary of hierarchical regression analysis predicting BMI centile with only children with CBCL
1.5–5 year version (n = 1464)

B SE B p β Partial
Correlation

Block 1

Demographics

Age (months) .154 .061 .011 .067 .066

Sex 1.897 2.116 .370 .023 .024

African American -1.288 2.720 .636 -.013 - .012

Asian -4.803 2.938 .102 -.043 -.043

Hispanic 5.547 2.892 .055 .051 .050

Other Ethnicity -4.490 4.849 .355 -.024 -.024

Mother Education .449 .703 .524 .023 .017

Father Education -.701 .596 .240 -.043 -.031

Block 2

Medications

Stimulants -11.463 5.376 .033 -.058 -.056

Antihistamines 5.290 5.070 .297 .050 .027

Melatonin .621 5.474 .910 .006 .003

Atomoxetine -15.630 20.922 .455 -.020 -.020

SSRIs 14.385 7.802 .065 .049 .048

Alpha-2 Agonists .960 4.894 .845 .005 .005

Anticonvulsants 16.027 8.243 .052 .053 .051

Atypical Antipsychotics .660 5.941 .912 .003 .003

Other Medication -1.467 1.670 .380 -.024 -.023

Block 3

Sleep Problems

Bedtime Resistance .425 .371 .252 .049 .030

Sleep Onset Delay -.137 1.133 .903 -.004 -.003

Sleep Duration -.341 .540 .528 -.019 -.017

Sleep Anxiety -.674 .613 .271 -.046 -.029

Night Waking .995 .851 .243 .032 .031

Parasomnias .413 .415 .320 .031 -.026

Sleep Disordered Breathing .739 .883 .402 .024 .022

Daytime Sleepiness -.499 .337 .139 -.043 -.039

Block 4

Comorbid Psychopathology

Affective Problems .037 .139 .791 .012 .007

Aggressive Behavior .243 .173 .161 .090 .037

Anxiety Problems -.133 .077 .086 -.045 -.045

Anxious/Depressed -.260 .140 .063 -.073 -.049

ADHD Problems .071 .129 .583 .020 .015

Emotional Problems -.124 .139 .371 -.044 -.024

CD/ODD -.021 .178 .905 -.007 -.003
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We found that this appeared to be true for CBCL Somatic Complaints (F = 10.332,
Δr2 = .0039, p = .0013) and CSHQ Sleep Disordered Breathing (F = 3.732,
Δr2 = .0014, p = .05). This implies, for example, that the somatic complaints of
young children impacted their weight at a lower level than the somatic complaints of
older children.

Discussion

Predictors of Overweight and ASD in General

These analyses help to identify variables that contribute to abnormal weight in these
children with ASD. Most were consistent with previously published literature in TD
children; similarities will be addressed in the order that we reported them.

Age was significant in the model that looked at CBCL scores for younger children
(1.5–5 years). In the first CBCL analysis, age was associated with greater BMI
percentile, indicating that preschoolers’ age was positively but weakly associated with
greater weight. This could be due to the fact that as children age, cumulative
life style has greater opportunity to affect weight. They were also likely to have

Table 6 (continued)

B SE B p β Partial
Correlation

Pervasive Dev. Problems -.286 .176 .106 -.089 -.043

Somatic Complaints -.139 .121 .254 -.039 -.030

Withdrawn/Depressed .287 .139 .040 .098 .054

Block 5

IQ Score -.002 .039 .960 -.002 -.001

Adaptive Beh. Composite -.082 .063 .198 -.039 -.034

Block 6

ASD Subtype -2.474 .953 .010 -.072 -.069

Bold entries indicate significance at p < .05

Table 7 Overview of hierarchical regression analysis predicting BMI centile with only children with CBCL
1.5–5 years version (n = 1464)

Block R2 Adjusted R2 ΔR2 Change F(p) Overall F(p)

1. Demographics .012 .006 2.177 (.027)

2. Medications .023 .012 .011 1.850 (.055) 2.009 (.009)

3. Sleep Problems .028 .011 .005 .933 (.488) 1.664 (.021)

4. Psychopathology .046 .022 .017 2.592 (.004) 1.943 (.001)

5. IQ/Adaptive Beh. .047 .022 .001 1.007 (.365) 1.892 (.001)

6. ASD Subtype .051 .026 .004 6.735 (.010) 2.027 (< .001)

Bold entries indicate significance at p < .05
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Table 8 Summary of hierarchical regression analysis predicting BMI centile with only with CBCL 6–18 years
version (n = 1084)

B SE B p β Partial Correlation

Block 1

Demographics

Age (months) .034 .029 .229 .037 .037

Sex -1.234 2.657 .642 -.014 -.014

African American 10.041 3.697 .007 .084 .083

Asian -7.811 5.052 .122 -.047 -.047

Hispanic 13.108 3.972 .001 .101 .100

Other Ethnicity -5.814 5.188 .263 -.034 -.034

Mother Education .650 .840 .440 .029 .024

Father Education -.636 .660 .336 -.036 -.029

Block 2

Medications

Stimulants -9.633 2.358 <.001 -.126 -.124

Antihistamines -1.099 5.247 .834 -.010 -.006

Melatonin 4.726 4.988 .344 .052 .029

Atomoxetine -14.604 4.676 .002 -.094 -.096

SSRIs 5.213 2.990 .082 .054 .053

Alpha-2 Agonists 6.571 3.148 .037 .064 .064

Anticonvulsants 2.060 4.737 .664 .014 .013

Atypical Antipsychotics 2.831 3.430 .409 .028 .025

Other Medication .665 2.156 .758 .010 .009

Block 3

Sleep Problems

Bedtime Resistance .187 .479 .696 .018 .012

Sleep Onset Delay -1.049 1.330 .430 -.027 -.024

Sleep Duration -.231 .658 .726 -.013 -.011

Sleep Anxiety -.160 .671 .811 -.011 -.007

Night Waking -1.107 1.237 .371 -.028 -.028

Parasomnias .284 .550 .605 .017 .016

Sleep Dis. Breathing 3.976 1.118 <.001 .112 .109

Daytime Sleepiness .144 .386 .709 .012 .011

Block 4

Comorbid Psychopathology

Affective Problems .189 .197 .329 .052 .030

Aggressive Behavior .611 .259 .018 .187 .073

Anxiety Problems -.035 .095 .711 -.011 -.011

Anxious/Depressed -.363 .139 .009 -.115 -.081

ADHD Problems -.404 .159 .011 -.103 .078

CD/ODD .490 .286 .087 -.137 .053

Somatic Complaints .305 .142 .032 .082 .066

Withdrawn/Depressed .079 .135 .561 .023 .018
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higher rates of medication use with age, a consistent finding in the literature
(Aman et al. 2005).

The analyses demonstrated that Hispanic children were more likely to have elevated
BMI percentile. Deckelbaum and Williams (2001) reported that Mexican-American
children were more likely to be overweight than peers of other ethnicities. Children who
were Asian generally had low body weight in relation to height, consistent with findings
that identified Asian participants as lighter on average (Lauderdale and Rathouz 2000).
African American heritagewas only significantly associatedwith greater BMI percentile
in the CBCL analysis for older children. Speculatively, the AS-ATN may have drawn
participants, including African Americans, who were not typical of the general popula-
tion (with higher education, SES, etc.). Therefore, the results may not have followed the
usual ethnic expectations (de Vinck-Baroody et al. 2015).

Father’s educational level was negatively associated with BMI centile and could be
reflective of two possible phenomena. First, more advanced education generally leads
to greater prosperity (Beaton 1975). These individuals may be able to provide higher
quality foods to their children. The lowest rating on the demographics form was
assigned when there was no father present. This designation on the Beducation^
continuum was likely associated with children from single-parent homes being heavier
than those with two parents present, as was found in previous literature (Costello et al.

Table 8 (continued)

B SE B p β Partial Correlation

Rule Breaking Behavior .054 .229 .815 .011 .007

Social Problems .186 .149 .210 .052 .039

Thought Problems -.018 .149 .904 .005 -.004

Block 5

IQ Score -.104 .045 .022 -.089 -.071

Adaptive Beh. Composite .174 .087 .047 .074 .061

Block 6

ASD Subtype -2.597 1.185 .029 -.070 -.068

Bold entries indicate significance at p < .05

Table 9 Overview of hierarchical regression analysis predicting BMI centile with only children with CBCL
6–18 years version (n = 1084)

Block R2 Adjusted R2 ΔR2 Change F(p) Overall F(p)

1. Demographics .025 .017 3.373 (.001)

2. Medication .058 .043 .033 4.193 (< .001) 3.850 (< .001)

3. Sleep Problems .073 .051 .015 2.119 (.030) 3.318 (< .001)

4. Psychopathology .094 .063 .021 2.233 (.011) 3.016 (< .001)

5. IQ/Adaptive Beh. .100 .067 .006 3.288 (.038) 3.043 (< .001)

6. ASD Subtype .104 .070 .004 4.801 (.029) 3.099 (< .001)

Bold entries indicate significance at p < .05
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2001). This was likely due to possible income constraints associated with single
parenting linked to food purchased or effects of stress.

The variable that was most associated with weight in these analyses was stimulant
medication use, as it predicted lower BMI percentile in all analyses. It is well established
that stimulant use can suppress appetite, leading to reduction in weight (Cortese et al.
2008; Faraone et al. 2008). Use of SSRIs was positively associated with BMI, indicating
that children who took SSRIs were heavier than their peers. This is consistent with
existing literature and suggests that SSRIs increase appetite and weight (Ferguson
2001). Children who took atomoxetine were more likely to be lighter than peers (e.g.,
Wernicke and Kratochvil 2002), while children who were prescribed alpha-2 agonists
were heavier. Both observations are in line with some of the literature. One open-label
study of guanfacine in children and adolescents with traumatic stress-related symptoms
(Conner et al. 2013) found a small, but statistically significant, increase in weight from
baseline to the sixth week of treatment. Several other studies (e.g., Jain et al. 2011;
Kollins et al. 2011; Palumbo et al. 2008) did not report weight changes, so the
association of alpha-2 agonists in TD children is somewhat uncertain.

Another variable that was consistently associated with BMI percentile was Sleep
Disordered Breathing. There is a well-established relationship between weight and
some sleep problems such as sleep apnea and snoring. There is a strong likelihood that
disordered breathing during sleep did not actually cause participants to have higher
levels of body mass. Instead, it is likely that there was a reciprocal relationship, in
which people develop these respiratory conditions because of their excess weight. If
this is the case, Sleep Disordered Breathing should not be treated as a risk factor for
excess weight but rather as a result.

The Aggressive Behavior subscale of the CBCL reached significance in two analyses.
Although we know that aggression is a common feature in children with ASD (Farmer and
Aman 2011), it is not often associated with obesity and overweight. Farmer and Aman
(2011) reported that children with ASD are frequently aggressive, but in a way that does
not imply malicious intent. Instead, such children appear to have rather limited awareness
of behavioral norms, and they tend to engage in impulsive (reactive) aggression. This
study’s finding of aggression associatedwith BMI centile could be an aberration, or it could
be due to larger children attempting to reach their goals through physical intimidation.

Interestingly, the results indicated that higher scores on the Anxious/Depressed
subscale were associated with lower overall weight status. This negative relationship
is in contrast to previous literature showing individuals with anxiety or depression were
more likely to be overweight (Dockray et al. 2009). Since individual CBCL items were
not available to enhance interpretation (i.e., anxiety and depression are intermixed in
the subscale), future research may help to determine if this finding is attributed more to
the anxiety or the depression elements of this subscale or whether they are necessarily
intertwined at this developmental stage.

The CBCL Withdrawn/Depressed subscale was also associated with higher weight
percentiles in all analyses. This is consistent with literature documenting the pattern in
both TD adults and adolescents (Blaine 2008). However, it is difficult to say whether
depression precedes weight gain, whether weight gain occurs first and depression
follows, or if the process is dynamically interrelated. Both the ADHD problems
subscale and the Somatic Complaints subscales were significant in one analysis, and
for both it was within the older CBCL version. This finding may suggest that age plays
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a meaningful role. Our sample had more young children (n = 1464) than older children
(n = 1084) and, in the case of ADHD symptoms, it may have been difficult to
disentangle true ADHD symptoms from the normal exuberance of preschoolers.

The last variable to be associated with BMI centile was ASD subtype. Children with
autistic disorder were more likely to have elevated body mass than youngsters with
PDD-NOS. Thus, children with more severe ASD symptoms were more likely to be
overweight. Many autistic symptoms (including most restricted interests, impairments
in social interaction, being withdrawn) may be associated with sedentary behavior.
Indeed, some literature has shown that children with autism appear to engage in more
sedentary than active behavior, as recorded by accelerometers (MacDonald et al. 2011).
In the future it will be useful to investigate specific ASD symptoms and their associ-
ation with correlates of weight.

The following were variables that failed to predict increases in weight: sex, antihis-
tamines, anticonvulsants, atypical antipsychotics, other medications, Bedtime Resis-
tance, Sleep Onset Delay, Sleep Duration, Sleep Anxiety, Parasomnias, Daytime
Sleepiness, Affective Problems, Anxiety Problems, and Conduct Disorder/
Oppositional Defiant Disorder. Of these, the biggest surprise was that of atypical
antipsychotics. Considerable literature reported significant positive associations be-
tween antipsychotics and weight (Correll 2007; Wetterling 2001). Our null finding
became less surprising given the small but positive correlation between BMI percentile
and atypical antipsychotics was highly correlated with other pharmacotherapies taken
by participants. Additionally, it is intriguing that the Conduct Disorder/Oppositional
Defiant Disorder subscale also did not predict weight. This is in contrast to literature
that found TD children with oppositional defiant disorder were more likely to be obese
(Mustillo et al. 2003). Whereas variables necessarily linked to autism (such as ASD
subtype) were untestable in TD children, the majority of our findings were highly
consistent with previous studies of TD children.

Predictors of Weight in AS-ATN Participants

Given that the studies by deVinck-Baroody et al. (2015) andHill et al. (2015) used partially
overlapping data as this investigation, one may expect substantial agreement on variables
evaluated by more than one research team; for instance, we all found that increased weight
was associated with Hispanic ethnicity and lower levels of parental education. These two
variables were measured in similar ways across all three studies. Older child age likewise
appeared to demonstrate an increase in overweight and obesity when compared to younger
children (found in all three studies), although we evaluated this within the confines of
the CBCL versions (1.5–5 years vs. 6–18 years) while the other two studies
divided age into three categories (2–5 years, 6–11 years, and 12–17 years).

Hill and associates’ (2015) measure of ASD severity failed to be significantly linked
to excess weight, whereas our similar variable of ASD subtype was correlated with
weight in our analyses. De Vinck-Baroody et al. (2015) found that higher scores on the
VABS Composite were associated with lower rates of overweight and obesity; con-
versely, Hill and colleagues and this study found no such association. Additionally, de
Vinck-Baroody’s group found a connection between weight and atypical antipsy-
chotics, which we did not find. They used less specific medication categories (only
stimulant, atypical antipsychotics, medication use in general, and more than one
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medication) than this study, which could have limited the dispersions of variance to
other medication classes; Hill and colleagues collapsed their medication categories
irrespective of clinical indication, so further comparisons cannot be drawn.

A final difference in our findings relates to the CBCL. De Vinck-Baroody and
associates (2015) identified high scores (in their case, above the cut-off for clinical
significance; t ≥ 70) on the Somatic Complaints subscale as being a risk factor for
excess weight, as we did (while treating the variable as continuous) on the analysis for
children ages 6–18, but the similarities end there. De Vinck-Baroody et al. also found
children at or above the clinical cut-off for Total Problems more likely to be overweight
or obese and children at or above the clinical cut-off for Internalizing Problems as less
likely to be overweight. Hill et al. (2015), also using clinical cut-off criteria (t ≥ 70),
found an association between Affective Problems and excess weight. In addition to the
Somatic Complaints listed earlier, we found significant weight-related risk linked to the
following subscales: Anxious/Depressed, Withdrawn/Depressed, ADHD Problems,
and Aggressive Behaviors. The other researchers did not identify these risk relation-
ships either because they did not investigate the subscales or used different analytic
strategies (often involving lumping scores dichotomously into normal vs. abnormal).
Our belief is that using the full continuum of scores yielded greater statistical power
overall (Streiner 2002).

To sum up, this study shared some common data with de Vinck-Baroody et al.
(2015) and Hill et al. (2015), but our analyses and results differed in several important
aspects. These included (a) the use of continuous over discrete data, (b) the use of
CBCL subscales (e.g., Emotion Problems, Social Problems, Thought Problems, With-
drawn/Depressed) not contained in the other reports, (c) inclusion of CSHQ subscales
not covered elsewhere, (d) breakdown of psychotropic drugs, classified by drug action,
(e) continuous IQ scores not reduced to above or below 70 points, and (f) presentation
of the incremental variance accounted for by each variable in our tables (Tables 5, 7,
and 9). We believe that this helps to Bflesh out^ aspects not covered in other reports.

Study Strengths

Much of the literature relating to children with ASD and overweight has been limited in
terms of sample size and suboptimal measurement procedures (e.g., parental reporting
of height, weight, diagnosis). This project addressed both of these issues. The sample
comprised 2610 children, and participants’ height and weight were measured by
professionals. Data bases comprising different geographic locations and maintained
by clinicians are desirable for epidemiological weight-related research (Ogden et al.
2007). Having a broad network from which to evaluate data was a strength because the
sample was large, based on multiple sites, and was fairly representative of children with
ASD in the US and Canada. Our statistical analyses were novel for this data set
and did not reduce weight or the variables under investigation to discrete
categories as in some studies, which allowed for the full expression of the
variables. These analyses that could potentially be more powerful given the
increased range of these data, and we did not use odds ratios because the
outcome variable was prevalent in more than 10 % of the population, which
increases the chance for misinterpretation. Further, we made direct comparisons
to previously published child weight literature to highlight the array of
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similarities that exist between TD children and those with ASD that have real-
world application for clinicians, physicians, and researchers.

Study Limitations

This data set was not created for studying weight, resulting in some limitations of our
variables. Although BMI is the usual standard for human weight research, it has
shortcomings as well. These include inability to differentiate between different masses
within the body and the problematic nature of child growth, which necessitates use of
percentiles. Also, not all variables were available on all participants, which reduced our
sample size, and the majority of measures collected (medications, CBCL, CSHQ, etc.)
were derived by parent-report, which could detract from the quality of some variables.
We were only able to account for a small amount of variance in these analyses (see
Tables 5, 7, and 9), although that amount is consistent with other previous child weight
research (e.g., Beebe et al. 2007; Memari et al. 2012). This limited explained variance
indicates that there is much more work to be done in identifying risk factors for
overweight. This investigation would have been stronger had the project included a
group of TD children that could have been directly compared to our sample with ASD,
a standardized measure of physical activity, and a standardized diet log.

Conclusions and Future Directions

It is well established that overweight children are more likely than others to become
adults with similar weight problems (Dietz 1997; Freedman et al. 2004). It seems
especially important to identify risk factors for obesity within children with ASD, as
these children are already significantly disadvantaged. The study was able to confirm
many of the findings that we were aware of from the existing literature with TD
children. This similarity between children and adolescents with ASD and TD youth
is important, in and of itself, since these groups tend to have great differences in how
they react to life in general.

The substantial agreement found here for risk factors for overweight suggests that
existing intervention programs for children with weight problems can be used for
children with ASD since the intervention should target problem areas that apply to
both groups. Early identification of children with ASD with comorbid psychopathol-
ogies or who are prescribed medications associated with weight gain, for example,
should be monitored by medical personnel to ensure that problematic changes to weight
are not overlooked. While outside the scope of this study, intervention programs that
focus on increasing physical activity while decreasing sedentary behaviors have shown
promise in reducing BMI for both TD children and those with ASD, although
long-term maintenance of those reductions still needs to be investigated
(Atlantis et al. 2006; Pitetti et al. 2007). Similarly, diet modifications to
increase nutritional quality and reduce calorie or fat intake should be investi-
gated, as such changes have been useful (Memari and Ziaee 2014). Though
alterations will likely need to be made for comprehension and to proactively
address transitions, aversive stimuli, etc., the benefits of being able to integrate
existing protocols that have previously been researched and found successful
are considerable.
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