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Objective: We aimed to review the literature to determine the incidence and prevalence of autism in epilepsy and
epilepsy in autism, conditions that are often comorbid.

Methods: We adhered to the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
standards, and the protocol was registered with PROSPERO. MEDLINE, Embase, PsycINFO, and the Cochrane
Database of Systematic Reviews were searched from inception until July 4, 2016. Studies were included if they
reported an incidence or prevalence of autism in epilepsy or epilepsy in autism. These estimates were described
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Seizure Results: Seventy-four studies reporting on 283,549 patients were included. The median overall period prevalence
Incidence of epilepsy in people with autism was 12.1% while the median overall period prevalence of autism in people with
Prevalence epilepsy was 9.0% when including all population types. When excluding studies that investigated patients with
Comorbidity syndromic epilepsy or developmental delay, the median overall period prevalence of epilepsy in people with au-
tism was 11.2% while the median overall period prevalence of autism in people with epilepsy was 8.1%. We ob-
served trends for sex as the prevalence of autism in epilepsy was higher in males while the prevalence of epilepsy
in autism was higher in females. It is important to interpret these estimates with caution, as there was significant
heterogeneity between studies. Meta-regression found no association between study quality and prevalence or
incidence estimates (all p-values > 0.05).
Conclusions: The period prevalence of epilepsy in people with autism, and vice versa, was consistently higher
than previously reported estimates of the occurrence of these disorders in the general population. These findings
highlight the importance of screening for autism in people who have epilepsy and epilepsy in people who have
autism and may help shed light on shared pathogenesis between these conditions.
© 2019 Elsevier Inc. All rights reserved.
1. Introduction In 2010, the prevalence of ASD in the general population was esti-

mated at 0.76% and responsible for 7.7 million disability adjusted life

Epilepsy and autism often co-occur. This co-occurrence is likely due
to underlying components that influence both disease processes. In au-
tism spectrum disorder (ASD), a great amount of etiological heteroge-
neity has been identified, many of which are also associated with
epilepsy [1]. Factors such as genetic and chromosomal abnormalities
[2], metabolic conditions [3], environmental factors, e.g., maternal ru-
bella during pregnancy [4], and brain damage via neonatal jaundice
[5], are examples that have been recognized as predisposing to both ep-
ilepsy and autism.
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years (DALYs) across the globe [6]. Similarly, the active prevalence of
epilepsy in the general population is 0.6% [7], and it was the fourth
most burdensome (DALY) neurological disorder worldwide in 2015 [8].

Determining the bidirectional prevalence of autism and epilepsy is
important to inform interventions and allocation of resources. Further,
understanding these comorbidities will have a profound effect on the
management of these challenging patient populations. For example, it
has been found that autistic symptoms can be minimized when epilepsy
is treated in patients with both conditions [9]. While there are two sys-
tematic reviews that have examined the prevalence of epilepsy in per-
sons with autism [10,11], neither examined the epidemiology of
autism in epilepsy. In addition, one of the systematic reviews only
looked at the relationship between autism and epilepsy in terms of in-
tellectual disability and sex [10]. Therefore, we aimed to systematically
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Table 1
Population-based studies reporting on the prevalence and incidence of epilepsy and autism.
1a. Prevalence and/or incidence of epilepsy in patients with autism
Author, date Population studied Sample size Agerange  Diagnostic  Diagnostic criteria  Years of Groups studied and Overall
(country) (autism type) studied criteria or admin codes data prevalence/incidence quality
(years) or admin autism collection  estimate (per 100) score
codes
epilepsy
Danielsson, 2005  Autistic disorder 92 17-40 NR DSM-III-R 1980-2001 Pr overall: 43.0 5/8
(Sweden)
Kielinen, 2004 Autistic disorder 187 NR ILAE DSM-IV 1996-1997 Proverall: 14.4 6/7
(Finland)
Takano, 2014 Autistic disorder 247 1-17 ILAE DSM-1V 2002-2012 Proverall: 14.6 3/6
(Japan)
Croen, 2015 ASD 1507 18-29 ICD-9 ICD-9-CM 2008-2012 Proverall: 11.9 5/7
(USA)
Jokiranta, 2014 ASD 4705 Children ICD-9; ICD-9; ICD-10 NR Pr overall: 6.63 6/7
(Finland) (age NR) ICD-10
Kantzer, 2013 ASD 125 1.6-4.1 NR DSM-IV-TR NR Pr overall: 6.4 4/8
(Sweden)
Levy, 2010 (USA)  ASD 2568 8 NR DSM-IV-TR; ICD 2002-2002 Proverall: 2.4 4/7
(version NR)
Su, 2016 (Taiwan) ASD 4221 0-1 ICD-9 ICD-9-CM 1997-2008 IR overall: 1.4 6/7
Suren, 2008 ASD 2352 0-1 ICD-10 DSM-1V; ICD-10 2008-2010 Pr overall: 11.2 6/7
(Norway)
Saemundsen, 2013 ASD 267 NR NR DSM-1V; ICD-10 Pr overall: 7.1 6/7
(Iceland)
Schendel, 2016 ASD 20,492 ICD-10 ICD-8; ICD-10 1980-2010 Proverall: 6.3 6/7
(Denmark)
Viscidi, 2013 ASD NSCH: 918 2-17 NR NR NR Based on NSCH: 6/7
(USA) Genetic collaborative Pr overall: 9.6
sample: 4509 Genetic collaborative
sample:
Pr overall: 4.5
Barak, 1999 Autism 290 10-34 NR DSM-IIT 1960-1989 Proverall: 41.0 4/7
(Israel)
Chen, 2009 Autism 3440 NR ICD-9-CM  ICD-9-CM 1997-2009 Proverall: 13.6 6/7
(Taiwan)
Cederlund, 2004 Asperger's syndrome 100 NR NR ICD-10; DSM-IV 1985-1999 Pr overall: 4.0 6/8
(Sweden)
Mourisden, 2013 Asperger's syndrome 4180 4-31 ICD-10 ICD-10 1994-2011 Proverall: 3.9 6/7
(Denmark)
Mouridsen, 2011 Infantile autism 118 2-15 ICD-8; ICD-8; ICD-10 1960-1984 Pr overall: 24.6 6/7
(Denmark) ICD-10
Mouridsen, 2011 Syndromic atypical autism 89 3-17 ICD-8; ICD-8; ICD-10 1960-1984 Pr overall: 22.5 6/7
(Denmark) ICD-10
Delobel, 2013 Atypical autism Haute-Garonne: 192 8 NR ICD-10 1995-2002 Pr overall 4/6
(France) Infantile autism Isére: 167 Haute-Garonne: 10.4
Asperger's syndrome Pr overall Isére: 8.38
Nordin, 1996 Autistic disorder 24 5-19 NR DSM-III-R 1991-1993 Proverall: 33.3 6/7
(Sweden) ASD-not otherwise specified
Jacobson, 1983 Autism in people with 1268 0-45+ NR NR 1978-1982 Proverall: 12.2 4/8
(USA) developmental disabilities
Saemundsen, 2010 Autism in people with 25 19-63 NR ICD-10 NR Pr lifetime epilepsy 4/8
(Iceland) intellectual disabilities overall: 60.0
1b. Prevalence and/or incidence of autism in patients with epilepsy
Author, date  Population studied Sample size Age range  Diagnostic criteria  Diagnostic criteria  Years of Groups studied and Overall
(country, (autism type in patients studied or admin codes or admin codes data prevalence/incidence quality
region) with epilepsy) (years) epilepsy autism collection  estimate (per 100) score
Andell, 2015 ASD 766 0-18 ILAE ICD-10 2001-2006 Pr overall: 6.1 5/7
(Sweden)
Berg, 2011 ASD 555 6-33 ILAE DSM-IV 1993-1997 Proverall: 5.0 8/8
(USA)
Rai, 2012 ASD 94 >16 NR DSM-IV NR Pr (weighted) overall: 8.1 4/8
(UK)
Reilly, 2014  ASD 85 Children ILAE DSM-IV-TR 2011-2012 Proverall (active epilepsy): 5/8
(UK) (age NR) 21
Selassie, 2014 ASD 64,188 41.6 4+ 22,5 ICD-9-CM ICD-9-CM 2000-2011 Proverall: 1.3 7/7
(USA) (mean, SD)
Sundelin, ASD 85,201 NR ICD-7; ICD-8; ICD-9; ICD-10 1987-2009 IP during study follow-up 6/7
2016 ICD-9; ICD-10 period:
(Sweden) IP overall: 1.6
Su, 2016 ASD 26,713 0-18 ICD-9 ICD-9-CM 1997-2008 IR overall: 0.34 6/7
(Taiwan)
Suren, 2008  ASD 4298 0-11 ICD-10 DSM-1V; ICD-10 2008-2010 Proverall: 6.1 6/7

(continued on next page)
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1b. Prevalence and/or incidence of autism in patients with epilepsy

Author, date  Population studied Sample size Agerange  Diagnostic criteria  Diagnostic criteria  Years of Groups studied and Overall
(country, (autism type in patients studied or admin codes or admin codes data prevalence/incidence quality
region) with epilepsy) (years) epilepsy autism collection  estimate (per 100) score
(Norway)
Russ, 2012 Autism/ASD Current 0-17 NR NR (2007 Pr in current 6/8
(USA) epilepsy/seizure NSCH) epilepsy/seizure disorder:
disorder: 526 124
Former Pr in former
epilepsy/seizure epilepsy/seizure disorder:
disorder: 451 5.5
Rosander, Patients with 30 0-17 ICD-10 NR 2007-2011 Pt overall: 60 5/7
2015 Dravet syndrome
(Sweden)  ASD
Day, 2005 Patients with 10,030 5-69 NR NR 1988-2002 Pr overall (lifetime 4/7
(USA) developmental delay epilepsy): 4.5
Autism
Steffenburg,  Patients with mental 98 6-16.5 ILAE DSM-III-R NR Pt overall (active epilepsy): 6/7
1995 retardation 245
(Sweden)  Autism
Forsgren, Individuals with 299 0-16 WHO, ICES NR NR Pt overall (active epilepsy): 5/7
1990 developmental delay 4,01
(Sweden) Infantile autism
Jacobson, Patients with 9099 0-45+ NR NR 1978-1982 Proverall: 1.7 4/8
1983 (USA) developmental disabilities

Autism

Estimate abbreviations: Pr: period prevalence, Pt: point prevalence, IR: incidence rate (per 100 person years), IP: incidence proportion.
Other abbreviations: ILAE: International League Against Epilepsy, ICD: International Classification of Diseases, DSM: Diagnostic and Statistical Manual of Mental Disorders, WHO: World
Health Organization, ICES: International Classification of Epileptic Seizures, ASD: autism spectrum disorder, NSCH: National Survey of Children's Health, NR: not reported.

review the literature to determine the incidence and prevalence of au-
tism in epilepsy and epilepsy in autism.

2. Methods

This study was registered with PROSPERO (ID: CRD42016039614).
The Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) standards were adhered to for this study [12].

2.1. Search strategy

PsycINFO, MEDLINE, Embase, and the Cochrane Database of System-
atic Reviews were searched from inception until July 4, 2016. The search
strategy included terms relating to epilepsy, autism, and epidemiology
(Appendix e-1). We also hand searched included studies and relevant
systematic reviews to identify any additional references that may have
not been identified in our search.

2.2. Eligibility

Studies were included if they reported the incidence or prevalence of
autism in epilepsy or epilepsy in autism. We did not place any restric-
tion on age, type of epilepsy, or autism. We included all study designs
except case series and studies with overall population size of less than
100 people. We excluded abstracts and review articles. No limits were
placed on publication language, but we excluded non-English studies
if they were not population-based and a native speaker was
unavailable for translation (n = 1 study from Czechoslovakia; n = 2
studies from Japan).

2.3. Study selection

Title/abstract and full-text screening were independently conducted
in duplicate by two reviewers. Reviewer disagreements were resolved
through discussion with the principal investigator.

24. Data abstraction

Data were abstracted by one reviewer and confirmed by a second re-
viewer. The following variables were abstracted: study characteristics
(e.g., country, years, study design), sample size, age, ascertainment
(e.g., survey or registry), diagnostic methods (e.g., administrative
codes or self-report), epilepsy and autism type, subgroups (e.g., if
study stratified by sex, age), and prevalence/incidence data including
confidence intervals (CI).

2.5. Quality assessment

Study quality was determined using a standard assessment tool de-
veloped for the evaluation of prevalence and incidence studies that has
been used extensively to evaluate the quality of epidemiological (in-
cluding incidence and/or prevalence) studies [13]. This eight-question
tool appraises studies based on the following three domains: sampling,
measurement, and analysis. Each question is worth one point, and if a
question is not applicable, it is subtracted from the denominator. A
higher score indicates a better study quality, but there is no established
cutoff score recommended for designating high or low quality. The qual-
ity assessment was completed in duplicate, and any disagreement was
resolved through discussion with the principal investigator.

2.6. Data synthesis and analysis

Prevalence estimates were categorized as follows: (1) period preva-
lence (defined as the number of cases during a period of time over the
total population during the same time period, e.g., any existing cases
during November 2016 to November 2017);, (2) point prevalence (de-
fined as the number of cases at a specific point in time, e.g., January 12,
2017);, (3) incidence proportion (defined as the number of new cases
during a specified time period over the total population at the start of
the time period, e.g., new cases during November 2016 to November
2017);,and (4) incidence rate (defined as the number of new cases dur-
ing a specified time period per person at risk in the population during
the same time period, e.g., 6.0 per 100,000 person-years). Studies
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Table 2
Nonpopulation-based studies reporting on the prevalence and incidence of epilepsy and autism.

2a. Prevalence and/or incidence of epilepsy in patients with autism

Author, date  Population studied Sample Age range Diagnostic criteria Diagnostic criteria Years of Groups studied and Overall

(country, (autism type) size studied or admin codes or admin data prevalence/incidence quality

region) (years) epilepsy codes autism collection  estimate (per 100) score

Giannotti, Autistic disorder 104 NR ILAE DSM-IV-TR NR Pr overall: 19.4 3/8
2008
(Italy)

Kawasaki, Autistic disorder 158 2.6-28.8 NR DSM-III-R NR IP overall during the 2/6
1989 study follow-up period:
(Japan) 39.24

Kobayashi, Autistic disorder 188 18-33 NR DSM-III-R NR Pr overall: 19.1 3/8
1992
(Japan)

Sharda, 2012  Autistic disorder 74 4-37 NR DSM-IV NR Pr overall: 25.7 1/8
(India)

Zhang, 2011  Autistic disorder 170 NR NR DSM-IV-TR ?-2011 Pr overall: 3.5 3/8
(China)

Aldinger, ASD 3351 NR NR NR NR Pr overall: 6.5 2/6
2015

Amiet, 2013 ASD 478 8.1+47 NR NR 2011-? Proverall: 12.8 2/7

(mean and
SD)

Icasiano, ASD 177 2-17 NR DSM-IV NR Proverall: 6.2 3/8
2004
(Australia)

Ko, 2016 ASD 182 NR ILAE NR 2013-2015 Proverall: 11.0 1/6
(South
Korea)

Kohane, ASD 14,381 0-34 ICD-9 ICD-9 2001-2010 Proverall: 19.4 5/6
2012
(USA)

Liu, 2006 ASD 167 2.4-18.2 NR NR 2004-2004 Proverall: 11.0 3/8
(USA)

Mahajnah, ASD 200 2.58-4.46 NR DSM-1V 2008-2013 Proverall: 7.5 2/6
2015
(Israel)

Nomura, ASD 485 5-42 NR NR 2008-2009 Proverall: 50.3 2/6
2010
(Japan)

Oslejskova, ASD 205 5-15 NR ICD-10 NR Pr overall: 31.2 2/6
2007
(Czech
Republic)

Viscidi, 2014  ASD 2645 4-18 NR DSM-IV-TR NR Pr overall: 2.2 4/6
(USA)

Wong, 1993  ASD 246 4-15 ILAE DSM-IIl 1987-1991 Proverall: 5.7 2/6
(China)

Xue, 2008 ASD 160 2-18 2 or more DSM-IV 1999-2003 Proverall: 13.8 4/8
(USA) unprovoked

seizures

van Eeghan,  Childhood onset 210 4-49 ILAE DSM-1V NR Pr overall: 7.1 3/8
2013 epilepsy of
(USA) unknown cause

ASD

Cuccaro, Autism/ASD 577 4-21 NR DSM-1V NR Proverall: 11.1 3/6
2011
(USA)

Fombonne, Autism 154 NR ICD-9 French classification of child and  1975-? Pr overall: 22.0 1/8
1992 adolescent psychiatric disorders
(France)

McDermott,  Autism 55 ICD-9 ICD-9 1990-2003 Pr of moderate epilepsy:  4/6
2005 23.6
(USA) Pr of severe epilepsy: 1.8

Saltik, 2012 Autism 121 3-18 NR DSM-IV-TR 2010-2011 Proverall: 19.8 5/8
(Turkey)

Tuchman, Autism 302 NR The International NR 1959-1988 Proverall: 13.9 2/6
1991 Classification of
(USA) Seizures

Yasuhara, Autism 1014 3-20 NR DSM-IV NR IP overall over 3 years: 2/8
2010 37.0
(Japan)

Hara, 2007 Autistic disorder 130 18-35 ILAE DSM-IV NR IP overall over 3 years: 3/6
(Japan) Atypical autism 254

Baghdadli, Infantile autism 222 2-7 NR ICD-10 1997-1999 Proverall: 7.2 2/6
2003

(continued on next page)
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Table 2 (continued)

2a. Prevalence and/or incidence of epilepsy in patients with autism

Author, date  Population studied Sample Age range Diagnostic criteria Diagnostic criteria Years of Groups studied and Overall
(country, (autism type) size studied or admin codes or admin data prevalence/incidence quality
region) (years) epilepsy codes autism collection  estimate (per 100) score
(France)
Tsai, 1981 Infantile autism 102 3-20 NR Kanner (1943) 1974-1979 Proverall: 22.5 1/8
(USA) Rutter (1971, 1977)
Volkmar, Infantile autism 192 2-33 NR DSM-III NR Pr overall: 21.4 2/6
1990
(USA)
Bolton, 2011  Autism 150 26-56 ILAE ICD-10 1950-1985 Pr overall: 22.0 4/8
(UK) Asperger's syndrome
Williams, Childhood autism 86 NR NR ICD-10 NR Pr overall: 10.3 4/6
2008 Atypical autism
(England)  Asperger syndrome
Baghdadli, ASD in children with 152 ICD-10 ICD-10 1997-2009 Prin 2000-2002: 6.6 3/8
2011 developmental Pr in 2007-2009: 17.1
(France) disorders
Parmeggiani, Autistic disorder and 21 3-28 NR DSM-IV NR Pr overall: 47.6 1/8
2002 macrocrania
2b. Prevalence and incidence of autism in patients with epilepsy
Author, date Population studied (autism Sample Age range Diagnostic criteria ~ Diagnostic criteria ~ Years of Groups studied and Overall
(country, type in patients with epilepsy) size studied or admin codes or admin codes data prevalence/incidence quality
region) (years) epilepsy autism collection  estimate (per 100) score
Hancerli, 2011  West syndrome 90 0.42-15 ILAE NR 1995-2007 Proverall: 18.9 2/6
(Turkey) Autistic disorder
Hussin, 2011 ASD 143 2-15 NR NR NR Pr overall: 16.1 1/8
(Egypt)
Matsuo, 2010  ASD 519 NR NR DSM-1V 2000-2008 Proverall: 15.2 1/8
(Japan)
Ochoa-Gomez, ASD 605 1-NR ILAE NR 2008-2010 Proverall: 9.9 4/6
2016 (Spain)
van Eeghan, Childhood onset epilepsy of 66 4-49 ILAE DSM-IV NR Proverall: 15.2 3/8
2013 (USA)  unknown cause
ASD
Matsuo, 2011 Focal impaired awareness 86 Infant and NR DSM-1V 2000-2008 Pr overall: 42 2/6
(Japan) seizures children (age
ASD NR)
Li, 2011 Dravet syndrome 37 Children (age ILAE DSM-1V; ICD-10 1997-2008 Proverall: 24.3 4/8
(China) ASD NR)
Henning, 2010  Autism 167 20-82 NR NR 2006-2007 Proverall: 0.6 3/8
(Norway)
Gelisse, 2001 Juvenile myoclonic epilepsy 170 11.7-70 ILAE DSM-IV 1981-1998 Proverall: 0.6 3/8
(France) Autism
Bandino, 2014  Children, adolescent, and 264 5-21 NR NR 2008-2010 Proverall: 28.8 3/6
(USA) adults with developmentally
disabilities
ASD

Estimate abbreviations: Pr: period prevalence, Pt: point prevalence, IR: incidence rate (per 100 person years), IP: incidence proportion.
Other abbreviations: ILAE: International League Against Epilepsy, ICD: International Classification of Diseases, DSM: Diagnostic and Statistical Manual of Mental Disorders, WHO: World
Health Organization, ICES: International Classification of Epileptic Seizures, ASD: autism spectrum disorder.

were classified as population-based if representative of the general pop-
ulation (e.g., entire population surveyed or probability sampling used)
and nonpopulation-based if not representative of the general popula-
tion (e.g., hospital- or clinic-based studies). We stratified studies by
age, sex, and epilepsy and autism types when feasible. Descriptive sta-
tistics [e.g., mean, standard deviation (SD), median, interquartile range
(IQR)] were used to summarize prevalence and incidence estimates.
Outliers were assessed using boxplots. Median overall period preva-
lence and incidence values were presented but pooled estimates were
not presented because of between-study heterogeneity, inconsistent
reporting of demographics- and disease-related characteristics, and var-
iability in diagnostic criteria used. Pooled meta-analysis estimates were
not presented since each group had too few papers.

Begg's and Egger's tests were used to assess publication bias
[14]. These tests were conducted separately for study design (pop-
ulation-based and nonpopulation-based) as well as estimate type
(autism in epilepsy and epilepsy in autism) for all estimates of

overall period prevalence. Analyses were conducted using Excel
and STATA/SE 14.1.

3. Results
3.1. Study selection and characteristics

The search identified 3857 unique abstracts, of which 193 were se-
lected for full-text review and 60 were included (Fig. e-1). Fourteen ad-
ditional studies were identified through hand searching and expert
consultation, resulting in 74 included studies (Appendix e-2). The
Kappa statistic between reviewers for study inclusion at the full-text
stage was 0.82.

Characteristics of included population-based and nonpopulation-
based studies are listed in Tables 1 and 2, respectively. Detailed ver-
sions of these tables with stratified estimates are also included (Sup-
plemental Tables e-1 and e-2). Overall, 50 studies reported on
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prevalence or incidence of epilepsy in autism; 20 reported on preva-
lence or incidence of autism in epilepsy; and four reported on both
prevalence or incidence of epilepsy in autism and autism in epilepsy
(Fig. e-1, Tables 1 and 2). The included studies were from United
States of America (n = 19), Sweden (n = 9), Japan (n = 8), France
(n = 5), Denmark (n = 4), United Kingdom (n = 4), China (n =
3), Finland (n = 2), Iceland (n = 2), Israel (n = 2), Norway (n =
2), Taiwan (n = 2), Turkey (n = 2), Egypt (n = 1), India (n = 1),
Spain (n = 1), Italy (n = 1), Czech Republic (n = 1), South Korea
(n = 1), Australia (n = 1), and unknown (n = 3) (Tables 1 and 2).
The data collection period ranged from 1950 to 2016. There were
32 population-based (Table 1) and 42 nonpopulation-based studies
(Table 2). Studies reported on various types of epilepsy (e.g., West
syndrome, Dravet syndrome, juvenile myoclonic epilepsy, and focal
impaired awareness seizures) and used various terms for autism
(e.g., ASD, Asperger's syndrome, autistic disorder, infantile autism,
and autism) (Tables 1 & 2). Although we planned a priori to stratify
estimates by age, sex, study design, and epilepsy and autism type,
we were only able to stratify estimates by study design and sex be-
cause of inconsistent reporting of the aforementioned variables be-
tween studies.

3.2. Epilepsy in autism

3.2.1. Prevalence

The median overall period prevalence of epilepsy in people with
autism (n = 50 studies) was 12.1% (IQR: 15.4%) [range: 1.8-60%;
mean (SD): 16.2% (13.0%)] (Table 3). Three estimates were identified
as outliers. One study examined adults with autism and intellectual
disability (60.0%) [15]; one was conducted in a tertiary care center
(50.0%) [16]; and one examined adults with autistic disorder and
macrocrania (47.6%) [17]. No studies reported point prevalence. Ex-
cluding studies that investigated patients with syndromic epilepsy
or developmental delay such as West syndrome and Dravet syn-
drome, the median overall period prevalence of epilepsy in people
with autism was 11.2% (IQR: 6.6%-21.7%) [range: 1.8%-50.3%;
mean (SD): 15.4% (11.9%)].

Table 3
Summary estimates of prevalence and incidence of epilepsy in people with autism.

3.2.2. Prevalence by population-based studies

The median period prevalence of epilepsy in autism (n = 20 studies)
was 10.8% (IQR: 16.6%) [range: 2.5-60.0%; mean (SD): 16.3% (15.3%)]
(Table 3).

3.2.3. Prevalence by nonpopulation-based studies

The median period prevalence of epilepsy in autism (n = 30 studies)
was 13.8% (IQR: 14.7%) [range: 1.8-50.3%; mean (SD): 16.1% (11.4%)]
(Table 3).

3.2.4. Prevalence by sex

The median period prevalence of epilepsy in females with any type
of autism (n = 14 studies) was 19.0% (IQR: 21.2%) [range: 0-60.0%;
mean (SD): 20.6% (15.0%)] (Table 3). The median period prevalence of
epilepsy in males with any type of autism (n = 15 studies) was 11.4%
(IQR: 13.6%) [range: 3.6-30.0%; mean (SD): 13.0% (8.5%)] (Table 3).
There was generally a higher period prevalence of epilepsy in females
with autism than in males with autism (Fig. 1, graph A). No studies re-
ported sex-stratified point prevalence estimates.

3.2.5. Incidence

The median incidence proportion of epilepsy in people with autism
(n = 3 studies) was 37.0% (IQR: 13.8%) [range: 25.4-39.2%; mean
(SD): 33.9% (7.4%)] (Table 3) [18-20]. However, the follow-up period
between studies varied or was not reported. The incidence rate of epi-
lepsy in people with autism (n = 1 study in patients age 0-18 years
old) was 14 per 1000 person-years (Table 3) [21].

3.2.6. Incidence by sex

The incidence rate of epilepsy in females and males with autism (n
= 1 study) was 16 per 1000 person-years and 13 per 1000 person-
years, respectively (Table 3) [21]. No studies reported sex-stratified in-
cidence proportion estimates.

3.2.7. Trends by year
There were no trends observed for prevalence estimates by year of
study publication (Fig. 2, graph A).

Category Study design (n) Range (%) or estimate (%) Median (IQR) (%) Mean (SD) (%)
Prevalence
Period prevalence Overall (50) 1.8-60.0 12.1 (15.4) 16.2 (13.0)
Pop (20) 2.5-60.0 10.8 (16.6) 16.3 (15.3)
Nonpop (30) 1.8-50.3 13.8 (14.7) 16.1 (11.4)
Point prevalence No studies N/A N/A N/A
Period prevalence in females Overall (14) 0.0-60.0 19.0 (21.2) 20.6 (15.0)
Pop (7) 0.0-60.0 15.5(23.6) 19.5(18.4)
Nonpop (7) 5.9-41.7 21.8 (22.5) 21.8 (11.3)
Period prevalence in males Overall (15) 3.6-30.0 11.0 (14.1) 13.1 (8.7)
Pop (8) 3.7-30.0 8.8 (19.9) 13.5(10.5)
Nonpop (7) 3.6-19.1 11.8 (12.4) 12.3 (5.6)
Incidence
Incidence proportion Overall (3) 25.4-39.2 37.0 (13.8) 33.9(74)
Pop (0) N/A N/A N/A
Nonpop (3) 25.4-39.2 37.0 (13.8) 33.9(74)
Incidence rate Overall (1) 14 per 1000 P-Y N/A N/A
Pop (1) 14 per 1000 P-Y N/A N/A
Nonpop (0) N/A N/A N/A
Incidence proportion in females No studies N/A N/A N/A
Incidence proportion in males No studies N/A N/A N/A
Incidence rate in females Overall (1) 16 per 1000 P-Y N/A N/A
Pop (1) 16 per 1000 P-Y N/A N/A
Nonpop (0) N/A N/A N/A
Incidence rate in males Overall (1) 13 per 1000 P-Y N/A N/A
Pop (1) 13 per 1000 P-Y N/A N/A
Nonpop (0) N/A N/A N/A

Abbreviations: pop: population-based studies, nonpop: nonpopulation-based studies, P-Y: person years.
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Graph A: Prevalence of Epilepsy in People with Autism by Sex
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Fig. 1. Graph of trends by sex and by year of publication.

3.3. Autism in epilepsy study based on people with focal impaired awareness seizures was

considered an outlier (41.9) [22]. However, approximately 45% of

3.3.1. Prevalence this sample had intellectual disability [22]. The median point preva-
The median overall period prevalence of autism in people with lence (n = 3 studies) was 24.5% (IQR: 56.0%) [range: 4.0-60.0%;
epilepsy (n = 19 studies) was 9.0% (IQR: 12.7%) [range: 0.60- mean (SD): 29.5% (28.3%)] (Table 4) [23-25]. Since all studies
41.9%; mean (SD): 12.2% (10.8%)] (Table 4). One estimate from a reporting on point prevalence were population-based, these
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estimates are not stratified further by study design. Excluding stud-
ies that investigated patients with syndromic epilepsy or develop-
mental delay, the median overall period prevalence of autism in
people with epilepsy was 8.1% (IQR: 5.0%-15.2%) [range: 0.6%-
41.9%; mean (SD): 11.0% (10.5%)].

3.3.2. Prevalence by population-based studies

The median period prevalence of autism in epilepsy (n = 9 studies)
was 5.8% (IQR: 3.6%) [range: 1.3-21.0%; mean (SD): 7.2% (5.8%)]
(Table 4).

3.3.3. Prevalence by nonpopulation-based studies

The median period prevalence of autism in epilepsy (n = 10 studies)
was 15.7% (IQR: 14.4%) [range: 0.6-41.9%; mean (SD): 17.1% (12.5%)]
(Table 4).

3.3.4. Prevalence by sex

The mean period prevalence of autism in females with epilepsy (in-
cludes all types of autism) (n = 2 studies) was 3.6% (SD: 0.4%) [range:
3.4-3.9%] (Table 4) [26,27]. The mean period prevalence of autism in
males with epilepsy (includes all types of autism) (n = 2 studies) was
7.6% (SD: 1.4%) [range: 6.6-8.6%] (Table 4) [26,27]. Males with epilepsy
had higher period prevalence of autism compared to females with epi-
lepsy (n = 2; Fig. 1, graph B) [26,27]. No studies reported on sex-
stratified point prevalence (Tables 1, 2, and 4).

3.3.5. Incidence

The incidence proportion of autism in people with epilepsy (n = 1)
was 1.6% (Table 4) [28]. The incidence rate of autism in people with ep-
ilepsy (n = 1) was 3.4 per 1000 person-years (Table 4) [21].

3.3.6. Incidence by sex

The incidence proportion of autism in females and males with epi-
lepsy (n = 1 study) was 1.4% and 1.8%, respectively (Table 4) [28].
The incidence rate of autism in females and males with epilepsy (n =
1 study) was 2.9 per 1000 person-years and 3.8 per 1000 person-
years, respectively (Table 4) [21].

3.3.7. Trends by year
There were no trends observed for prevalence estimates by year of
study publication (Fig. 2, graph B).

3.4. Publication bias

There was statistical evidence of publication bias based on Begg's
and Egger's test (all p-values < 0.05).

3.5. Study quality

The median study quality scores broken down by denominator were
2/6 (range: 1-5), 6/7 (range: 2-7), and 3/8 (range: 1-8) (Table e-3),
with higher scores indicating higher quality. Meta-regression found no
association between study quality and prevalence or incidence esti-
mates (all p-values > 0.05).

4. Discussion

Out of the 74 eligible studies reporting on 283,549 patients identi-
fied in our study, the median period prevalence of epilepsy in autism
was 12.1% while the prevalence of autism in epilepsy was 9%. The me-
dian period prevalence of epilepsy in people with autism and autism
in people with epilepsy was found in this systematic review to be mark-
edly higher than previously reported period prevalence of epilepsy or
autism in the general population [6,7]. The first studies looking at the
prevalence of autism conducted in the 1960s in Europe quoted an au-
tism prevalence of around 4 cases per 10,000 children leading many

to believe that autism was a rare childhood disorder [29]. Following
an expansion of diagnostic criteria for autism occurring in the late
1980s, autism prevalence has increased globally. Recent studies from
the Centers for Disease Control and Prevention (CDC) and Autism and
Developmental Disabilities Monitoring (ADDM) Network quote the
prevalence of autism to be 1.5-1.7% [30]. Previously quoted figures of
epilepsy in autism using former constricted criteria will be much
lower than the prevalence using current DSM 5 (Diagnostic and Statis-
tical Manual of Mental Disorders) definitions. If children with intellec-
tual disabilities (intelligence quotient (IQ) < 70) are omitted, the
prevalence is still expected to be greater than the general population be-
cause of the fact that those with autism will be skewed towards a lower-
than-average IQ. This increased prevalence of epilepsy in those with au-
tism and IQ > 70 can be due to the positively skewed distribution to-
wards a lower IQ in those with autism overall, rather than due to an
explicit relationship with autism. In contrast, a broader definition of
ASD infers that the prevalence of autism in children with epilepsy may
be greater using the modern definition. More studies in this systematic
review reported prevalence rather than incidence, and there were more
nonpopulation-based studies than population-based studies. The qual-
ity of the included studies varied, and some studies provided insufficient
information on sampling and data collection procedures; however,
meta-regression showed no association between the prevalence and in-
cidence estimates and study quality scores (p > 0.05).

Females with autism had a higher prevalence of epilepsy compared
to males with autism. These findings are consistent with a previous sys-
tematic review, which reported that the prevalence of epilepsy was
34.5% in autistic females versus 18.5% in autistic males [10]. Only two
studies in our systematic review reported a higher prevalence of epi-
lepsy in males with autism [31,32]. One study found that males with in-
fantile autism had a higher prevalence of epilepsy than females [31],
and the other found a higher prevalence of epilepsy in males with
ASD-not otherwise specified and intellectual disability (ID) (only two
females were included in this subsample). ID may be a mediating factor
in terms of this trend, since epilepsy is more frequent in autistic patients
with ID than those without ID [10,33-35]. One systematic review also
found that the prevalence of epilepsy in people with autism in-
creased with increasing ID severity [10]. Since females with autism
tend to have more severe ID compared to males [10,36], it is possible
that the higher prevalence of epilepsy in autistic females is due to
their greater ID severity. Because of significant between-study het-
erogeneity, we did not stratify our results by ID status. Conversely,
we found that the prevalence of autism was higher in males with ep-
ilepsy than females with epilepsy. This finding may be because the
prevalence of autism is higher in males than females in the general
population [37].

We were unable to explore the relationship between age and prev-
alence/incidence estimates because of insufficient and inconsistent
data. However, studies have found that age is associated with both prev-
alence and incidence of epilepsy in autism [33,35,38,39]. Three studies
included in this systematic review reported on this trend. One study re-
ported that epilepsy is more prevalent among children with autism
aged 10 years or older compared to children younger than 10 years
(OR [odds ratio]: 2.40; 95%CI: 1.51-3.82) [35]. Similarly, another study
(ages 0-18 years old) found a higher prevalence of autism in older age
groups [26]. Finally, one study found that the risk of epilepsy in children
with autism was higher in early childhood and adolescence than in peo-
ple with autism above the age of 19, but they only included patients
ages 2 to 33 years old [38].

The aforementioned data restrictions prevented us from exploring
trends in prevalence or incidence of autism based on ID or seizure
type, syndrome, or etiology (e.g., the prevalence of autism in people
with generalized seizures versus focal seizures). However, the literature
suggests that the highest risk groups for comorbid autism are children
with early onset, drug-resistant epilepsy, especially West syndrome
[40].
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Graph A: Period Prevalence of Epilepsy in People with Autism by Publication Year
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Fig. 2. Graph of trends by publication year.

Investigating epidemiological trends relating to autism over time is
challenging because of changing diagnostic criteria as outlined in the
DSM [41]. The most recent version, DSM-5, was published in 2013
[41]. Although the prevalence of ASD has been increasing in developing
countries since the mid-90s [42], there are conflicting views on future
trends relating to the incidence and prevalence of autism based on the
new DSM criteria. There is evidence that the DSM-5 will reduce esti-
mates of ASD compared to the DSM-IV-TR (Diagnostic and Statistical
Manual of Mental Disorders-1V- Text Revision), as some argue that
DSM-5 criteria outline a higher symptom threshold for diagnosis [43].
Conversely, a recent study highlights an increase in the prevalence of
autism in the United States from 1994 to 2014, citing broader diagnostic
criteria as partially responsible for this increase [44]. However, since the

DSM-5 was published in 2013, it is possible that this study is not captur-
ing its full effects. In addition, the prevalence of autism according to this
study is only slightly higher in 2014 compared to 2012, while the prev-
alence rose at higher rates in earlier years. Therefore, it is possible that
the findings from these two studies are not in fact conflicting. The find-
ings of our systematic review did not demonstrate any clear trends in
the prevalence of autism in epilepsy over time.

Similar diagnostic issues also extend to epilepsy because diagnosing
epilepsy is complex and epilepsy is often misdiagnosed. The presence of
psychiatric or associated disorders may further affect the likelihood of
misdiagnosis of epilepsy. People with ID are at an increased risk of epi-
lepsy misdiagnosis because of their disability symptoms, such as stereo-
typic movements that may mimic seizures [45]. Patients with autism
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Table 4
Summary estimates of prevalence and incidence of autism in people with epilepsy.

Category Study Range (%) or  Median = Mean
design (n)  estimate (%) (IQR) (%) (SD) (%)
Prevalence
Period prevalence Overall 0.60-41.9 9.0 (12.7) 122
(19) (10.8)
Pop (9) 1.3-21.0 58(3.6) 7.2(5.8)
Nonpop 0.60-41.9 15.7 171
(10) (14.4) (12.5)
Point prevalence Overall (3) 4.0-60.0 245 29.5
(56.0) (28.3)
Pop (3) 4.0-60.0 24.5 29.5
(56.0) (28.3)
Nonpop N/A N/A N/A
(0)
Period prevalence in Overall (2) 3.4-39 N/A 3.6 (0.4)
females Pop (2) 34-39 N/A 3.6 (04)
Nonpop N/A N/A N/A
(0)
Period prevalence in males  Overall (2) 6.6-8.6 N/A 7.6 (1.4)
Pop (2) 6.6-8.6 N/A 7.6 (1.4)
Nonpop N/A N/A N/A
(0)
Incidence
Incidence proportion Overall (1) 1.6 N/A N/A
Pop (1) 1.6 N/A N/A
Nonpop N/A N/A N/A
(0)
Incidence rate Overall (1) 3.4 per 1000 N/A N/A
P-Y
Pop (1) 34 per1000 N/A N/A
P-Y
Nonpop N/A N/A N/A
(0)
Incidence proportion in Overall (1) 1.4 N/A N/A
females Pop (1) 14 N/A N/A
Nonpop N/A N/A N/A
(0)
Incidence proportion in Overall (1) 1.8 N/A N/A
males Pop (1) 1.8 N/A N/A
Nonpop N/A N/A N/A
(0)
Incidence rate in females Overall (1) 2.9 per 1000 N/A N/A
P-Y
Pop (1) 29per 1000 N/A N/A
P-Y
Nonpop N/A N/A N/A
(0)
Incidence rate in males Overall (1) 3.8 per 1000  N/A N/A
P-Y
Pop (1) 3.8 per 1000 N/A N/A
P-Y
Nonpop N/A N/A N/A

(0)

Abbreviations: pop: population-based studies, nonpop: nonpopulation-based studies, P-
Y: person years.

can also be challenging to diagnose as many patients with autism have
abnormal EEG (electroencephalogram) findings, even in the absence of
epilepsy. Patients with autism also often have staring spells due to their
autism, which can be mislabeled as epilepsy.

This systematic review has many strengths: we interrogated sev-
eral large databases using a comprehensive search strategy; we did
not exclude studies based on the type of epilepsy, autism, diagnostic
criteria, time period, or study design; and we followed the PRISMA
standards (Appendix e-3) to optimize reporting and ensure method-
ological rigor [46]. One possible limitation of our study is that we
found statistical evidence of publication bias. However, this should
be interpreted carefully since, unlike measures of association, we
do not expect there to be bias towards studies that report lower
prevalence estimates compared to studies that report higher preva-
lence estimates.

The literature regarding the epidemiology of autism in epilepsy and
vice versa is very heterogeneous. We were unable to perform meta-
analyses or report pooled estimates of all the included studies because
of heterogeneity and the inconsistent reporting of study populations in
terms of demographic characteristics (e.g., age ranges), as well as type
of epilepsy and autism. The diagnostic criteria that used to establish a di-
agnosis of epilepsy and autism were also highly variable between studies,
and sometimes no criteria were used. Prevalence and incidence studies
are valuable in estimating disease burden, planning public health strate-
gies, and making policy decisions around resource allocation [47]. Studies
that adhere to high quality reporting standards can facilitate synthesis of
available evidence. We recommend the use of the Standard of Reporting
of Neurological Disorders checklist for future epidemiological studies of
epilepsy and autism to reduce heterogeneity between studies, improve
the rigor of such studies, and assist international comparisons [47]. Stan-
dard reporting across studies will facilitate the investigation of potential
sources of heterogeneity in future studies of epilepsy and autism, some
of which are highlighted in this review.

Finally, understanding the epidemiology of comorbid autism and ep-
ilepsy is important to guide future therapies aimed at preventing these
comorbidities. Identifying genetic mutations as a cause for early onset
epileptic encephalopathies is increasing. Many of these children have
comorbid ID and/or autism. Understanding the specific effects of the
genes/metabolic pathways affected may give us better insight into the
pathogenesis of the developmental problems that are so devastating
in these children. There is also interesting work on preventing autism
and mitigating its severity in children with tuberous sclerosis by
treating them at the time of first epileptiform EEG abnormality prior
to onset of spasms, which may have a small effect on overall estimates
of prevalence and incidence, although it is too early to say what the
broader implications are [48]. Although the connection between epi-
lepsy and autism often occurs from a common underlying element, it
is essential that autistic features are not secondary to inadequately man-
aged epilepsy. Well-managed epilepsy, autism, and associated comor-
bidities can significantly improve the quality of life in both patient and
caregiver.

5. Conclusion

The occurrence of autism in persons with epilepsy and epilepsy in
persons with autism is higher than the previously reported independent
occurrence of each of these conditions in the general population. This
trend demonstrates the importance of screening for autism in persons
with epilepsy, and vice versa, to appropriately tailor treatment decisions
and improve patient outcomes.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.yebeh.2019.07.037.
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