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Abstract

Background—Epilepsy is common in children with Autism Spectrum Disorder (ASD) but little

is known about how seizures impact the autism phenotype.

Objectives—To examine the association between epilepsy and autism symptoms and associated

maladaptive behaviors in children with ASD.

Methods—Cross-sectional study of 2,645 children with ASD, of whom 139 had epilepsy, from

the Simons Simplex Collection. The relationship between epilepsy and parent-reported autism

symptoms and maladaptive behaviors was examined using Poisson regression.

Results—Children with ASD and epilepsy had significantly more autism symptoms and

maladaptive behaviors than children without epilepsy. However, only hyperactivity symptoms

remained significantly increased (13% higher) after adjusting for IQ. Among children with ASD

without intellectual disability, children with epilepsy had significantly more irritability (20%

higher) and hyperactivity (24% higher) symptoms.

Conclusions—This is the largest study to date comparing the autism phenotype in children with

ASD with and without epilepsy. Children with ASD and epilepsy showed greater impairment than

children without epilepsy, which was mostly explained by the lower IQ of the epilepsy group.

However, children with ASD and epilepsy had significantly more hyperactivity symptoms even

after accounting for differences in IQ. These findings have important clinical implications for

patients with ASD.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder characterized by deficits

in social interaction and communication and the presence of restricted and repetitive

behavior, which affects an estimated 1 in 88 children (Baio 2012). Epilepsy is a condition

defined by unprovoked, recurrent seizures. The co-occurrence of ASD and epilepsy is well

established (Tuchman 2002; Canitano 2007; Spence 2009). Epilepsy prevalence estimates in

persons with ASD have ranged from 5% to 46% (Spence 2009) and studies that have

followed children with ASD into adolescence/early adulthood have reported rates between

22% and 38% (Danielsson 2005; Hara 2007; Bolton 2011).

Much of the prior research on epilepsy and ASD has focused on clinical features of seizures,

as well as IQ and gender differences. Lower cognitive ability in persons with ASD and

epilepsy as compared to persons with ASD only has been consistently shown. Intellectual

disability (ID) is known to co-occur with both ASD and epilepsy, and many studies have

found higher rates of epilepsy among children with ASD and comorbid ID than in children

with ASD without ID (Volkmar 1990; Volkmar and Nelson 1990; Tuchman 1991; Rossi,

Parmeggiani et al. 1995; Hrdlicka 2004; Danielsson 2005; Hara 2007; Amiet 2008; Bolton

2011). Prior studies have also reported higher rates of epilepsy in females than males with

ASD (Danielsson 2005; Amiet 2008; Turk 2009; Bolton 2011). In addition, there is evidence

that individuals with ASD and epilepsy have worse behavioral and social outcomes than

those with ASD only (Hara 2007; Turk 2009)

The core symptoms of ASD include impaired social interaction, communication and

imaginative play, and restrictive and repetitive activities and interests. Maladaptive

behaviors frequently associated with ASD include hyperactivity/inattention, aggression, and

motor stereotypies. At present, little is known about differences in the autism phenotype

between children with and without epilepsy. The occurrence of seizures may lead to changes

in brain function that impact core autism symptoms and associated maladaptive behaviors in

children with comorbid ASD and epilepsy. A better understanding of the effect of seizures

on autism symptoms and behaviors in persons with ASD can help guide clinical care for

patients. This research can also aid in our understanding of the co-occurrence of ASD and

epilepsy and in the identification, assessment, and treatment of patients. Furthermore,

increasing our knowledge of the behavioral features of the ASD-epilepsy phenotype may

shed light on the biological underpinnings of these co-occurring disorders. For example,

evidence of specific symptoms or behaviors that are more frequent in individuals with

epilepsy and ASD may indicate particular areas of the brain that are impacted by seizures.

In a sample of 60 children with ASD and epilepsy and 60 children with ASD only, Turk and

colleagues (Turk 2009) found that children with epilepsy had more motor difficulties,

impaired daily living skills, and challenging behaviors than children with ASD alone. But no

differences were observed in social functioning. Cuccaro and colleagues (Cuccaro, Tuchman

et al. 2011) examined 577 children with ASD, of whom 64 had epilepsy. Using latent class

cluster analysis, they found that the cluster with the highest rate of epilepsy was also

characterized by repetitive object use and unusual sensory interests.
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These studies provide initial evidence to suggest that individuals with comorbid ASD and

epilepsy may demonstrate higher levels of certain autism symptoms and associated

impairment. However, further research is needed. A large study is required with reliable,

quantitative measures of autism symptoms and maladaptive behaviors in order to better

investigate the association between epilepsy and autism symptoms. Furthermore, it is

important to account for IQ as a confounder because IQ is associated with both autism

symptoms (Poustka and Lisch 1993; Matson and Shoemaker 2009) and epilepsy (Ellenberg,

Hirtz et al. 1984; Amiet 2008; Berg, Langfitt et al. 2008) and some investigators believe that

the association between ASD and epilepsy is primarily driven by the presence of ID (Berg

and Plioplys 2012).

In the present study we examined autism symptomatology and associated maladaptive

behaviors in children with ASD from the Simons Simplex Collection (SSC), a large, well-

phenotyped sample of simplex families with ASD (those with only one affected child). The

aim of the study was to determine whether autism symptomology and maladaptive behaviors

varied by epilepsy status. We hypothesized that children with ASD and epilepsy would have

more autism symptoms and maladaptive behaviors than children without epilepsy. We

examined the association between epilepsy and parent-reported autism symptoms and

behaviors on the Social Responsiveness Scale (SRS), Repetitive Behavior Scale-Revised

(RBS-R), and Aberrant Behavior Checklist (ABC).

Methods

Participants

2,645 children with ASD from the Simons Simplex Collection (SSC), a collection of

phenotypic and genetic information on simplex families recruited from 12 university-based

sites across the United States. Families were recruited from clinics serving children with

ASD and were included in the study if the family had only one child aged 4 to 18 years who

met criteria for ASD according to the Diagnostic and Statistical Manual of Mental

Disorders, Fourth edition Revised (DSM-IV-TR) (APA 2000) and had a nonverbal mental

age of at least 18 months. The majority of the families (75%) had at least one unaffected

sibling. Probands with Fragile X Syndrome and Down Syndrome (Trisomy 21) were

excluded; other genetic diagnoses were not excluded. Probands with prematurity (fewer than

36 weeks gestation and less than 2000 grams at birth) and extensive pregnancy or birth

complications were also excluded. Further information on inclusion and exclusion criteria

for probands and other family members can be found in the SFARI Base/SSC Researcher

Welcome Packet (Simons 2010) and additional information on the study methodology has

been previously described (Fischbach 2010). Parents gave informed consent and the study

was approved by Institutional Review Boards at each university involved in the study. The

SSC sample used in the present study includes the 2,648 probands from version 13 (released

8/10/2011) (of these participants, 3 subjects were not used in our analyses because they were

missing data on epilepsy).
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Measures

Autism Spectrum Disorder (ASD)—Study subjects were required to have a clinical

“Best Estimate Diagnosis” of Autistic Disorder, Asperger’s Disorder, or PDD-NOS,

according to the DSM-IV-TR. The Best Estimate Diagnosis was made by a psychologist or

physician with appropriate training and experience requisite for making diagnoses.

Diagnosis was based on observation, chart review, and Autism Diagnostic Interview–

Revised (ADI-R) (Lord 1994) and Autism Diagnostic Observation Schedule (ADOS) (Lord,

Risi et al. 2000) findings. Both the ADOS and the ADI-R have excellent established

reliability and validity for diagnosis of ASD.

Epilepsy—Epilepsy was assessed through use of the medical section of the ADI-R and a

medical history interview administered by SSC clinical staff to parents. On the ADI-R, the

parent was asked if their child “has ever fainted or had a fit or seizure or convulsion?”

Responses were classified as “no attacks,” “history of attacks that might be epileptic, but

diagnosis not established,” “definite diagnosis of epilepsy,” and “febrile convulsions only,

with no continuing daily medication outside the period of fever.” During the medical history

interview the parent was asked if the child had ever had non-febrile seizures. A composite

variable was created by SSC researchers that combined information from the ADI-R and

medical history interview. Children were classified as having: a diagnosis of epilepsy (code

3); likely presence of non-febrile seizures (code 2); possible presence of non-febrile seizures

or caregiver report that they were “not sure” if the child had experienced non-febrile

seizures (code 1); or no evidence for presence of non-febrile seizures (code 0). The variable

was coded conservatively so that if there was inconsistency, a lower score was assigned. In

the present study, children with epilepsy were defined as children who were classified as

having a diagnosis of epilepsy (code 3) or the likely presence of non-febrile seizures (code

2). Children without epilepsy were those who were reported as possible presence of non-

febrile seizures (code 1) or no evidence for presence of non-febrile seizures (code 0).

Cognitive ability—Cognitive ability was measured via standardized intelligence tests

administered based on the child’s age, each of which provided an intelligence quotient (IQ)

or equivalent score. The majority of participants completed the Differential Ability Scales,

Second edition (DAS-II) (Elliott 2007a) (administered to participants ages 4–17 years 11

months). A minority of participants completed the Wechsler Intelligence Scale for Children,

Fourth edition (WISC-IV) (Wechsler 2003a) (administered to participants ages 9–17 years),

the Wechsler Abbreviated Scale of Intelligence (WASI) (Wechsler 1999) (administered to

participants ages 9– 17 years), or the Mullen Scales of Early Learning (Mullen and

American Guidance Service. 1995) (administered to participants ages 4–5 years). An IQ

score was derived from each of the cognitive assessments using either deviation IQs

(derived from standard scores) or ratio IQs (derived by dividing the child’s averaged mental

age by chronological age for individuals who were not able to obtain a full-scale deviation

IQ due to the type of test administered). Intellectual Disability (ID) was defined as full scale

IQ score less than or equal to 70.

Autism symptoms and associated behaviors—The following assessments were

used to measure core autism symptoms and associated maladaptive behaviors. These
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measures have been used to assess a range of behavioral symptoms in persons with ASD

(Constantino, Davis et al. 2003; Constantino, Gruber et al. 2004; Brinkley, Nations et al.

2007) and have demonstrated associations with functional outcomes among children with

ASD (Belsito, Law et al. 2001; Aman, Novotny et al. 2004; Arnold, Aman et al. 2006).

Social Responsiveness Scale (SRS)—The SRS is a reliable and validated

psychometric, quantitative measure of autistic behaviors in 4 to 18 year olds (Constantino

2002). The SRS is commonly used as a screening tool for identifying children with ASD.

The scale is completed by caregivers or companions and contains 65 items spanning five

domains: (1) social awareness; (2) social cognition, including information processing and

interpretation; (3) social and reciprocal communication; (4) social motivation, including

questions on social anxiety and avoidance; and (5) autistic preoccupations and mannerisms

such as stereotyped behavior. In the present study we used raw scores, which have been

recommended for research use (Constantino 2002). Higher scores on the SRS indicate

greater severity of social impairment. In the present study, we used SRS scores based on the

parent-completed questionnaire. The SRS has strong reliability and acceptable internal

consistency (Constantino, Davis et al. 2003).

Repetitive Behavior Scales-Revised (RBS-R)—The RBS-R is an empirically derived

clinical rating scale for measuring the presence and severity of repetitive behaviors, which

are a key feature of ASD (Bodfish 1999; Bodfish, Symons et al. 2000). The items have been

conceptually grouped into six subscales: stereotyped behavior; self-injurious behavior;

compulsive behavior; ritualistic behavior; sameness behavior; and restricted behavior.

Higher scores indicate more symptoms. The RBS-R is frequently used in ASD research and

has been shown to have high inter-rater reliability (Lam and Aman 2007).

Aberrant Behavior Checklist (ABC)—The ABC (Aman, Singh et al. 1985) is a 58-item

checklist that assesses maladaptive behaviors in individuals with developmental disabilities

using a four-point rating scale (0–3, with higher scores reflecting more problems). The ABC

is made up of five subscales; Irritability, agitation, crying; Lethargy, social withdrawal;

Stereotypy; Hyperactivity, non-compliance; and Inappropriate speech. Higher scores

indicate more symptoms. The ABC has good reliability, as evidenced by very good internal

consistency, acceptable inter-rater reliability and very good test–retest reliability (Aman,

Singh et al. 1985).

Statistical Analyses

Statistical analyses were conducted using SAS software, version 9.3. Statistical significance

was evaluated using 2-sided tests at a 0.05 alpha-level. The association between epilepsy

and autism symptoms and maladaptive behaviors (as measured by symptom counts on the

SRS, RBS-R, and ABC) was estimated with Poisson regression models using the log link

function for generalized linear models (GLM). Rate ratios (RR) and 95% confidence

intervals (CI) were computed using the GENMOD procedure in SAS. Over-dispersion was

addressed by using the p-scale option for all of the Poisson models, which provides a scale

parameter estimated by the square root of Pearson's Chi-Square/degrees of freedom. Cases

with missing values were excluded.
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We constructed separate models for total score and subdomain score for each of the three

assessments. In the first set of models, unadjusted RRs were estimated. In the second set of

models, RRs were adjusted for age; in the third, for age and gender, and in the final, RRs

were adjusted for age, gender, and full-scale IQ score. We stratified the sample by

intellectual disability and examined the association between epilepsy and autism symptoms

and maladaptive behaviors using Poisson regression models adjusted for age and gender.

Results

Based on the special criteria established by the SSC, out of 2,645 children with ASD, 59 had

a confirmed diagnosis of epilepsy (2.2%) (code 3) and 80 were classified as likely to have

had non-febrile seizures (3.0%) (code 2). For the purposes of our study, we combined these

two groups, which resulted in 139 participants (5.2%) who we refer to as the epilepsy group.

The mean age of the entire sample was 9 years (standard deviation (SD) 3.6 years) and the

mean age of the epilepsy group was 10.1 years (SD 3.8 years).

A comparison of the demographic characteristics of children with and without epilepsy is

presented in Table 1. There were no differences in the prevalence of epilepsy by gender,

race, or ethnicity. Older children were more likely to have epilepsy; 10% of 13 to 15 year

olds and 7.8% of 16 to 18 year olds had epilepsy, as compared to 3.9% of 4 to 6 year olds (p

<0.01). Epilepsy was more prevalent in children with ID; 9.6% of children with ID had

epilepsy, as compared to 3.4% of children without ID (p <0.01). Among children with

epilepsy, 55.4% (n = 77) had ID, while 44.6% (n = 62) did not have ID. The mean IQ of

children with epilepsy was 60.8 (SD 28.7), as compared to mean IQ of 82.3 (SD 27.4) in

children without epilepsy (p <0.01) (data not shown).

Table 2 presents the association between autism symptoms and maladaptive behaviors and

potential confounders (gender, ID, and age) among all subjects. All of these characteristics

were significantly related to autism symptoms and behaviors in children with ASD. There

were no gender differences on the SRS, but females had significantly more self-injurious

behavior and less restricted behavior on the RBS-R. Females also had significantly more

irritability and lethargy symptoms, but fewer hyperactivity symptoms, on the ABC. Children

with ID had significantly more symptoms in the majority of domains on the SRS, RBS-R,

and ABC. Age was also highly associated with symptoms; children over age 10 had

significantly more symptoms on the SRS, but in general fewer symptoms on the RBS-R and

ABC.

The unadjusted and adjusted associations between epilepsy and autism symptoms and

maladaptive behaviors in children with ASD are presented in Table 3. In the unadjusted

models, children with epilepsy had significantly higher scores on the SRS, RBS-R, and

ABC. Children with epilepsy had 9% more total SRS symptoms (p <0.01), 15% more total

RBS-R symptoms (p = 0.01), and 12% more total ABC score symptoms (p = 0.02), as

compared to children without epilepsy. Significantly higher scores were also seen on all sub-

domains of the SRS and most subdomains of the RBS-R and ABC. Adjusting for age (model

1) had little effect on the estimates; and further adjusting for gender (model 2) also did not

change the results. However, additionally adjusting for full scale IQ score attenuated the
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effect estimates. In the fully adjusted models, there were no significant differences in SRS or

RBS-R scores between children with and without epilepsy. The only score that remained

significant was the ABC hyperactivity score; children with epilepsy had 13% more

hyperactivity symptoms (p = 0.01) than children without epilepsy.

Because of the large effect of IQ overall on the association between autism symptoms and

behaviors and epilepsy, we wanted to determine if there was an effect of epilepsy on the

autism phenotype even in the absence of intellectual disability (ID). Table 4 shows the

association between epilepsy and autism symptoms and maladaptive behaviors stratified by

ID and adjusted for age and gender. Among children with ASD without ID, there were still

no differences in core autism symptoms as measured by the SRS and RBS-R, but children

with epilepsy had significantly more irritability (20% higher, p = 0.05) and hyperactivity

(24% higher, p <0.01) symptoms. Among children with ASD with ID, children with

epilepsy had significantly more autistic mannerisms (8% higher, p = 0.05).

Discussion

Among children with ASD from simplex families, we found significant differences in

autism symptoms and associated maladaptive behaviors between children with and without

epilepsy. Children with epilepsy had more symptoms and maladaptive behaviors, indicating

greater impairment. Adjusting for age and gender did not change the results, but adjusting

for IQ had a large effect on symptom rates. After adjusting for IQ, there were no significant

differences between the groups, with the exception of hyperactivity symptoms, which were

higher in children with epilepsy. When stratified by ID, hyperactivity and irritability

symptoms were significantly higher among children with ASD and comorbid epilepsy who

did not have ID.

Our findings indicate that epilepsy is not independently associated with more severe autism

symptoms and maladaptive behaviors, as we failed to find an association after controlling

for IQ. Instead, the evidence suggests that children with ASD and epilepsy are at risk for

elevated autism symptoms and behaviors due to the increased likelihood of these children

having low IQ. In our sample, ID was associated with epilepsy (Table 1) and with increased

autism symptoms and maladaptive behaviors (Table 2). Prior studies have also shown that

ID is a strong predictor of greater severity in ASD (Matson and Shoemaker 2009) and is

associated with various maladaptive behaviors (Emerson, Kiernan et al. 2001). Based on our

statistical models, much of the association between epilepsy and autism symptoms and

maladaptive behaviors in children with ASD is explained by the association between

epilepsy and low IQ/ID. However, we did find higher rates of hyperactivity behavior in the

epilepsy group even after adjusting for IQ.

Our finding that epilepsy is associated with increased hyperactivity is consistent with prior

epidemiologic studies that have reported more inattention, hyperactivity, and impulsivity in

children with epilepsy, compared with controls (Carlton-Ford, Miller et al. 1995). It is

possible that seizures impact specific parts of the brain that regulate behavior control, but

further research is needed. While hyperactivity is not one of the core symptoms of ASD,

hyperactivity, short attention span, and impulsivity are common associated features of ASD.
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Studies show that a large proportion of children with ASD meet diagnostic criteria for

attention ADHD (Leyfer, Folstein et al. 2006) or have been diagnosed with both disorders

(Kogan, Blumberg et al. 2009). Hyperactivity is therefore an important behavioral feature in

ASD, which has been linked to problems with executive function, autistic traits, adaptive

function, and externalizing behaviors (Yerys, Wallace et al. 2009). In the present study,

hyperactivity symptoms were 13% higher in the epilepsy group. The mean hyperactivity

score in children with epilepsy was 19, as compared to a mean of 16 in children without

epilepsy. This is an average difference of 3 points, which may be clinically meaningful.

Intellectual disability in persons with ASD has clinical relevance and patients with comorbid

ID may represent a distinct subgroup of ASD patients. In addition, it has been proposed that

the association between ASD and epilepsy is driven by comorbid ID (Berg and Plioplys

2012). Therefore, we wanted to determine if there was an effect of epilepsy on the autism

phenotype in the absence of ID. We found differences in the association between epilepsy

and autism symptoms and maladaptive behaviors by intellectual disability. Specifically,

among children with ASD without ID, the epilepsy group had significantly higher irritability

(20% higher) and hyperactivity (24% higher) symptoms. In contrast, among children with

ID, no differences emerged except for a moderately increased rate of autistic mannerisms

(8% higher) in the epilepsy group. These findings suggest that there are differences in the

association of epilepsy with the autism phenotype in patients with and without comorbid ID,

but further research is needed.

The present study somewhat contrasts the findings by Turk and colleagues (Turk 2009)

comparing 60 children with ASD and epilepsy matched on verbal IQ to 60 children with

ASD alone. Using the Diagnostic Interview for Social and Communication Disorders

(DISCO), they found significant differences between children with ASD with and without

epilepsy, even after matching on cognitive level. In their study, children with ASD and

epilepsy were significantly more likely to have abnormal fascination with objects and

inappropriate eye contact, but there were no significant differences in social interaction. The

study by Turk and colleagues had several limitations. In addition to a small sample size, the

participants were very low functioning with over half of the children having IQ in the severe

ID range. Thus, the study findings may not be applicable to all children with ASD. In

contrast, our study is larger and includes many participants with high-functioning ASD.

Children with epilepsy in our study had lower cognitive functioning, which is in line with

prior studies in the general population (Steffenburg, Hagberg et al. 1995; van Blarikom, Tan

et al. 2006) and in ASD populations. In a meta-analysis of studies of ASD and epilepsy,

Amiet and colleagues (Amiet 2008) reported a pooled prevalence of epilepsy of 21% in

subjects with ASD and ID, as compared to 8% in subjects with ASD without ID. Evidence

suggests that the occurrence of seizures do not cause lower IQ or cognitive decline, instead,

lower IQ is more frequent in children with epilepsy due to neurological abnormalities

present before seizures develop (Ellenberg, Hirtz et al. 1986). This implies a shared

underlying pathology increasing risk of both epilepsy and ID. The relationship between

autistic traits, epilepsy, and cognitive functioning is complex. In a recent study, van Eeghen

and colleagues (van Eeghen, Pulsifer et al. 2013) found a strong inverse association between
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autistic traits and IQ in persons with epilepsy. They concluded that autistic features appear

to be part of the neurocognitive construct of disorders like epilepsy.

Evidence also suggests that there may be underlying etiologies and pathologies responsible

for both seizures and the deficits and behaviors that define ASD (Tuchman, Moshe et al.

2009; Bernard, Castano et al. 2013). There may be shared susceptibility factors, such as

genetic mutations or environmental insults that concurrently lead to both epilepsy and ASD.

There is biological evidence that a common cause of both disorders is disruptions in neural

networks (Spencer 2002; Minshew and Williams 2007). Another area of research is

abnormalities in synaptic structure and function (Sutcliffe 2008). One hypothesis currently

being pursued is that abnormalities in synaptic plasticity early in development, either as the

result of early seizures or genetic variants, may be a common cause of ASD and epilepsy

(Tuchman and Cuccaro 2011). Finally, there is overlap in copy number variants (CNVs)

associated with ASD, epilepsy, and ID (Morrow 2010; Tuchman and Cuccaro 2011; Owen

2012) suggesting a shared genetic etiology to all three of these disorders.

In the present study, 44% of children with ASD and comorbid epilepsy did not have ID,

which may simply reflect the ascertainment strategies of the SSC and an intrinsic bias

towards recruitment of children with higher-functioning ASD. Alternatively, this high

proportion of epilepsy in ASD participants without ID may reflect the simplex pedigree

structure. Further study will be necessary to explore this aspect further; however, the SSC

represents an opportunity to study the association between epilepsy and ASD in a relatively

high functioning sample. Prior studies on epilepsy and the autism phenotype have been

limited to participants with comorbid ASD and epilepsy of low IQ (Hara 2007; Turk 2009).

We believe that the identification and characterization of a large group of high-functioning

patients makes our study fairly unique, as this population of higher-functioning ASD

requires state-of-art methods to phenotypically characterize and is often missed in ASD/

epilepsy studies.

The prevalence of epilepsy in our sample was 5.2%. This is somewhat lower than would be

expected in a representative sample of children with ASD, which is closer to 15%

(Tuchman, Moshe et al. 2009; Levy 2010; Suren, Bakken et al. 2012). The low prevalence

of epilepsy in our study is likely explained by the specific inclusion and exclusion criteria of

the SSC study. In particular, the SSC recruited more children with high-functioning ASD

and required a minimum nonverbal mental age for inclusion in the study. Among all SSC

participants in the current study, 30% had ID, which is lower than current estimates in

representative ASD samples of approximately 40% (Baio 2012). Higher IQ is associated

with lower rates of epilepsy in children with ASD (Amiet 2008; Viscidi 2013), which could

explain the relatively low prevalence of epilepsy in the SSC sample. In addition, the age of

the sample was young; 35% of children were 4–6 years while only 5% were 16–18 years.

The prevalence of epilepsy in ASD increases with age (Hara 2007; Tuchman and Cuccaro

2011; Viscidi 2013) and as such, lower prevalence rates are expected in younger samples. In

studies that include preadolescent children the reported rate of epilepsy is less than 10%

(Tuchman, Moshe et al. 2009).
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The present study is the largest to date examining the autism phenotype in children with

ASD with and without epilepsy. The large sample size allowed us to use multivariate

modeling to control for confounders, most importantly IQ, and to stratify our sample by ID.

Another strength of the study is the SSC sample, which is a cohort of well-characterized

children with ASD. It includes carefully confirmed cases of ASD who were administered

detailed and standardized assessments using modern, reliable measures. Our autism

symptom and behavior assessments are valid and reliable quantitative measures of autism

symptomology.

Despite these strengths, a few limitations should be considered in interpreting the results of

the study. Epilepsy diagnosis was based on parent report, which is subject to

misclassification. However, two different parent report assessments (the ADI-R and medical

history interview) were used to improve reliability. The composite measure developed by

SSC staff is conservative and takes into account both assessments. The epilepsy group

includes both children with an epilepsy diagnosis and those considered likely to have a

history of non-febrile seizures. We combined these groups because the number of

participants with a strict epilepsy diagnosis (n = 59) was small and likely an overly

conservative cut-off for epilepsy. In a sensitivity analysis we included only the 59 children

with a confirmed epilepsy diagnosis. The effect estimates were in the same direction but not

statistically significant (data available upon request). This suggests that the results would be

similar if we restricted our sample to only children with an SSC category 3 epilepsy

diagnosis but we would not have had sufficient power to detect statistically significant

differences. We also conducted a sensitivity analysis excluding children classified as having

‘possible seizures’ or ‘the parent was unsure of whether the child had seizures’ (code 1)

from the non-epilepsy group and this did not change the results (data available upon

request). Together these findings suggest that our results were not greatly affected by our

classification of epilepsy.

Another limitation is that the SSC sample may not be representative of all children with

ASD because participants were recruited from families with only one child with ASD, and

other specific inclusion/exclusion criteria were applied. The SSC recruited a large number of

high-functioning children with ASD. Approximately 30% of children in the sample have ID,

which is somewhat lower than the 40% expected in a representative ASD sample (Baio

2012). However, the IQ distribution of the SSC sample is also a strength of the present study

because we were able to examine the autism phenotype in a large number of children with

epilepsy without ID.

A final limitation is that the sample included a large number of young participants, and as

such, we cannot be certain that some of the participants without epilepsy will not develop

epilepsy at a later time, as there is evidence that epilepsy onset in ASD often occurs after 10

years of age (Bolton 2011). However, this misclassification is unlikely to have biased the

study findings given the overall low prevalence of epilepsy in the sample. In sub-analyses

we compared all children with epilepsy to children without epilepsy aged 13 years and older

(n=399). The effect estimates were larger, which indicates that the inclusion of younger

children in our study somewhat attenuated the results (data available upon request). Future

research might address this issue by designing a longitudinal study of children with ASD
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that follows participants through young adulthood to ensure sufficient time for epilepsy to

develop.

Finally, we conducted several statistical tests to examine the association between autism

symptoms and behaviors and epilepsy. We ran 19 separate models for each symptom/

behavior scale. It is therefore important to consider the issue of multiple comparisons. When

conducting multiple statistical tests there is a greater probability of declaring a significant

result when in fact there is not one. If we use a Bonferonni adjustment and consider only p-

values less than or equal to 0.002 as statistically significant, then none of the effect estimates

in the models adjusted for IQ are statistically significant. It is therefore possible that our

results are due to chance or that our sample size is insufficient to address the study question.

Our methods should be replicated in a sample with a larger number of participants with

epilepsy to confirm the findings.

Conclusions

Children with ASD and epilepsy had more autism symptoms and associated maladaptive

behaviors than children without epilepsy, but this difference was largely explained by the

lower IQ of children with epilepsy. However, even after adjusting for IQ, children with

epilepsy had significantly more hyperactivity symptoms. When stratified by ID,

hyperactivity and irritability symptoms were elevated among children with comorbid ASD

and epilepsy without ID. These findings have important clinical implications for patients

with ASD and highlight the important role of cognitive ability in the relationship between

epilepsy and the autism phenotype. Further research on the biological mechanisms

explaining these associations is needed and the results should be replicated in other ASD

populations, including predominantly multiplex samples.
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