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Autism spectrum disorder (ASD) is a neurodevelopmental disease that may involve various 
brain abnormalities. However, there are few large epidemiological studies on the relation 
between epilepsy and ASD in terms of different genders and ages. This study aimed to 
evaluate the relation between epilepsy and ASD based on 74,251 Chinese children aged 
3–12 years who were recruited from kindergartens and primary schools in China. ASD 
was diagnosed according to the Diagnostic and Statistical Manual of Mental Disorders—
Fifth Edition (DSM-V), and verification of epilepsy was based on medical records. The 
enrolled children diagnosed with ASD were examined by magnetic resonance imaging 
(MRI) and took genetic tests to rule out other neurological and congenital diseases. The 
raw odds ratio (OR) was 60.53 [95% confidence interval (CI) = 37.80–96.92, P < 0.01] 
for epilepsy and ASD, and the adjusted OR was 38.99 (95% CI = 20.70–73.41, P < 0.01) 
after controlling for the confounders. Moreover, the adjusted OR was significantly higher 
in girls (OR = 45.26, 95% CI = 16.42–124.76, P < 0.01) than in boys (OR = 32.64, 95% 
CI = 14.33–74.34, P < 0.01). Among children with younger age, the adjusted OR was the 
highest (OR = 75.12, 95% CI = 22.80–247.48.16, P < 0.01). These findings suggest that 
epilepsy might be closely linked to the development of ASD, especially for early-onset 
epilepsy and among girls.

Keywords: autism spectrum disorder, age, epilepsy, gender, social function neural network

INTRODUCTION

Autism spectrum disorders (ASDs) have been increasingly prevalent in recent years, with 
an estimated incidence changing from 1 in every 110 children to 1 in 88 children (1, 2). Large 
epidemiologic studies have shown that males are two to three times more likely to suffer from ASD 
than females (3–5). It is characterized by impaired social interaction and communication, repeated 
and stereotyped behaviors, and restricted interest in activities, in accordance with the Diagnostic 
and Statistical Manual of Mental Disorders—Fifth Edition (DSM-V) (6). As a heterogeneous 
neurodevelopmental disorder, it can also bring a great burden to patients and their families (7). There 
are many genetic and environmental factors for ASD identified in previous studies. A family history 
of psychiatric diseases, especially in first-degree relatives or siblings, is one of the most important risk 
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factors. Other factors include advanced paternal age, gestational 
influence, maternal unemployment, etc. (8–12). Previous studies 
reported that ASD had co-occurred with several developmental 
and psychiatric disorders, including intellectual disability (ID), 
language delay, attention-deficit hyperactivity disorder, tourette’s 
syndrome, anxiety, and depression (11). Moreover, the disorder 
of neurodevelopment was considered as the main pathogenesis of 
ASD. Children with ASD had impaired social brain networks and 
disrupted functional connectivity in attention networks (13, 14). 
Studies focusing on the pathophysiology of ASD also reported 
that early onset of abnormal neurogenesis, neurite growth, and 
signal pathways were also involved in developing ASD (15).

Epilepsy in childhood is a prevalent neurologic disease that 
affects patients’ social interaction, communication skills, and 
patterns of behavior (16). Previous studies on the risk factors of 
epilepsy have shown that cranial trauma, infections in the central 
nervous system, difficult labor, and family history of epilepsy were 
associated with childhood epilepsy (17). In addition, epilepsy is 
more common in ASD children, with a rate varying from 8% to 
30% (18–20). There is also a strong influence on the patients’ 
quality of life and well-being in epilepsy and ASD in childhood. 
Despite some studies focusing on the association between ASD 
and epilepsy (21–24), most of them had a small study sample; 
only a few were population-based studies (20, 25). They described 
a high rate of ASD and epilepsy without confounders. However, 
they did not consider the impact of onset age of epilepsy on ASD 
prevalence, either. Additionally, there were no proper criteria on 
diagnosis of ASD in some previous reports.

In summary, our study aims to investigate the association 
between ASD and epilepsy after adjusting for the potential 
confounding factors, including age, sex, advanced paternal age, 
social economic factors, etc. Furthermore, sensitivity analysis is 
applied to figure out whether the onset age of epilepsy and gender 
have an influence on the association.

MATERIALS AND METHODS

Subjects and Study Design
This was a population-based cross-sectional study conducted 
in China in June 2014, and it was designed as an important 
section of the governmental population survey about ASD (26). 
According to the geographical and social population distribution 
in Shanghai, there were 17 districts, including 8 in the central 
districts and the remaining 9 in the suburban districts, in the 
study. Then the participants were recruited from seven randomly 
chosen districts (three urban districts: Yangpu, Xuhui, Jing’an, 
and four suburban districts: Minhang, Pudong, Fengxian and 
Chongming) using a random number generator. In each district, 
kindergartens and primary schools were chosen randomly from 
the list of schools. In total, 134 kindergartens and 70 primary 
schools were included. Moreover, considering that children 
attending special education schools were at higher risk of ASD, 
we enrolled all children in special education schools in these 
seven districts, since in China, children with mental retardation, 
language impairment, or hearing impairment are recommended 
to attend special education school. Additionally, another seven 

special education schools were included too. Altogether, 84,075 
children in general school and 859 children in special school 
were sampled in our survey.

We trained the teachers to distribute the questionnaires 
to the recruited students, students were asked to bring the 
questionnaires home, and parents were requested to fill in the 
questionnaires. All participants and their caregivers signed 
the informed consent, and they were also informed that 
participation would be innominate and voluntary. The Human 
Research Ethics Committee of Shanghai Children’s Medical 
Center, Shanghai Jiao Tong University School of Medicine, 
had approved the study protocol and ethnical application. 
Meanwhile, this survey was approved by the Institutional 
Review Board of Shanghai Municipal Commission of Health 
and Family Planning.

The exclusion criteria: firstly, questionnaires with contradictory 
results between parents and teachers were excluded from our 
study; secondly, questionnaires with more than 67% questions 
uncompleted were considered as invalid (27); thirdly, children 
with chronic diseases such as chronic kidney disorders and 
tumors were excluded from our research. Finally, the participants 
were 74,251 schoolchildren in total, with a mean age of 7.59 ± 
2.32 years old (734 in special school and 73,517 in general 
school). The diagram of the study is shown in Figure 1.

Questionnaires
There were four questionnaires in our study: children’s family 
social environment and growth questionnaire, children’s Social 
Communication Questionnaire (SCQ) (Chinese version) (28), 
children’s behavior and mood development questionnaire, and 
obesity-related health condition questionnaire.

In the first questionnaire, parents or caregivers were 
asked to offer information involving their children’s 
fundamental condition (gender, height, weight, birth weight, 
health condition, TV time, etc.); the mother’s pregnancy 
(age of pregnancy, physical and mental health); and the 
family social environment (character of parents or other 
caregivers, their educational background, family income). 
The second questionnaire described the participants’ social 
communication; we used the Chinese version of the SCQ. 
It included 40 questions regarding language development, 
repeated and stereotypical behaviors, and restricted interest in 
activities. Questions related to children’s attention and mood 
were asked in questionnaire 3. Questions regarding life style 
associated with obesity were asked in the last questionnaire, 
such as the frequency of eating snacks, eating breakfast, and 
doing exercise, and food allergy. More detailed information 
about all questionnaires is shown in the Supplementary 
Material. In this study, we used only two questionnaires out 
of four; the others were described in other publications.

Diagnostic Criteria
ASD was defined according to the DSM-V, with deficits in social 
communication and interaction in multiple situations, and 
restricted and repeated behavior and interests as the core features 
(11). Other features included language developmental delay, 
motor delay and abnormalities, and other atypical developmental 
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abnormalities. The second questionnaire, the Chinese version of 
the SCQ, was widely used as a screening tool for ASD children 
whose chronological ages were beyond 4 years old, or mental ages 
beyond 2 years old (29). The SCQ contained 40 yes/no questions 
answered by parents. A score ≥15 was considered to be positive, 
and then the teacher would be asked to completed the SCQ. If 
the result was still positive, the child was recommended to visit 
a physician who specialized in developmental and behavioral 
pediatrics at Shanghai Children’s Medical Center, and these 
children took further cognitive tests and behavior evaluations. At 
least two experienced pediatricians made a diagnosis according 
to the DSM-V. Once diagnosed with ASD, the patient was 
examined by a comprehensive examination including gene tests 
and magnetic resonance imaging (MRI) to exclude inherited 
metabolic disorders and neurostructural disorders.

Epilepsy was diagnosed based on the International 
Classification of Diseases 10th version, as unproved epileptic 
seizure with abnormal electroencephalogram (EEG), and was 
divided into two subgroups according to the involved brain 
regions (29). In our questionnaire, parents were asked about the 
diagnoses of epilepsy made by a neurological pediatrician for 
those who chose epilepsy as a co-morbidity.

Statistical Analysis
We used total number and prevalence to describe categorical 
data, and mean and standard deviation for numerical data. 
Comparison of the categorical data was performed using χ2 tests, 
and two-sample t-tests were used to compare the numerical 
data. After that, we performed logistic regression to evaluate 
the association between ASD and epilepsy. First, univariate 
analysis was conducted to determine the potential risk factors. 
The selected variables were then involved in multivariate logistic 
regression, controlling for age, sex, and body mass index (BMI). 
Moreover, the impact of the onset age of epilepsy on ASD was 
assessed by multivariable logistic regression. Results were 
recorded using odds ratios (ORs) and 95% confidence intervals 
(CIs). We performed the analysis in Statistical Program for Social 
Science (SPSS) software (version 19.0), and significance was set 
at P <0.05 (two-tailed).

RESULTS

Baseline Information
We collected the information of 74,251 schoolchildren in total 
in our study, with a mean (SD) age of 7.59 (2.32) years old, 
39,034 (53.3%) boys and 34,264 (46.7%) girls. When compared 
to normal children, those with ASD had an older age. ASD was 
more prevalent in boys [146 (0.4%)] than girls [46 (0.1%)]. In 
these subjects, the prevalence of diagnosed ASD was 192 in 74,251 
(0.26%), and in children with ASD, the prevalence of epilepsy was 
much higher [22 (11.5%)], while the total prevalence of epilepsy 
was 0.2% (180/74,251) (Table 1). Moreover, the prevalence of 
epilepsy in ASD was even higher in special education schools 
(14.4%), since all cases of ASD and epilepsy co-occurrence 
were found in the special education schools (Supplementary 
Table 1). The performance of ASD children in school was not 
as good as normal children. Additionally, advanced paternal and 
maternal age also existed in children with ASD. Moreover, 153 
ASD children were found in the special education schools; see 
Supplementary Table 1 in the Supplementary Material. Of 192 
children with ASD, 73 were examined by MRI, 133 took a genetic 
test, and eventually, all of them were included in the study.

Risk Factors for ASD
Table 2 shows the results of the risk factors for ASD determined 
by univariable logistic regression. According to the raw ORs, 
it is suggested that male gender, older age, higher BMI value, 
epilepsy, advanced paternal age, higher parents’ education level, 
gestational factors including depression and nervousness during 
pregnancy, parents’ unsociable characteristic, and overindulging 
in caregiving could increase the risk of ASD, in which epilepsy 
was significantly associated with ASD, accompanied by a raw OR 
(95% CI) of up to 60.53 (37.80–96.92).

Association Between ASD and Epilepsy
Table 3 provides the results of multivariable logistic regression, 
showing the association between epilepsy and ASD after adjusting 
for the potential risk factors decided by univariable logistic 
regression. Overall, there was strong evidence to suggest that 

FIGURE 1 | Detailed participation diagram.
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children with epilepsy were at an increased risk of co-occurring 
ASD (OR = 38.99, 95% CI = 20.70–73.41, P < 0.01). In addition, 
our data also revealed a statistically significant association 
between ASD and the following variables: male gender, older 
age, higher BMI value, gestational factors including depression 
and nervousness during pregnancy, higher paternal education 
level, paternal unsociable characteristic, and overindulging in 
caregiving, while advanced paternal reproductive age, higher 
maternal education level, and lower household income were 
confounding factors in our study.

Sensitivity Analysis
We performed extended multivariable logistic regression models 
to evaluate whether age and gender might have an influence on the 
association between epilepsy and ASD. The association seemed 
more evident in girls than in boys, as the ORs (95% CIs) were 
45.26 (16.42–124.76, P < 0.01) and 32.64 (14.33–74.34, P < 0.01), 
respectively. We divided all participants into three subgroups 
according to their age: 1) 3–6 years old (31,729, 43.1%); 2) 7–9 
years old (27,593, 37.2%); and 3) 10–12 years old (14,224, 19.2%). 
We can see from Figure 2 that after adjusting for the co-variables 

TABLE 2 | The potential risk factors for ASD by univariable logistical regression.

Variables No. ORs 95% CIs P value

Male gender 39,034 (53.3%) 2.8
4

2.03
–3.96

 <0.01

Age – 1.01 1.00–1.01  <0.01
BMI – 1.05 1.03–1.09  <0.01
Only child 52,386 (71.1%) 1.03 0.75–1.42 0.84
Epilepsy 180 (0.2%) 60.53 37.80–96.92  <0.01
Advanced agea

 Paternal 8,774 (12.8%) 1.42 0.96–2.10 0.08
 Maternal 3,562 (5.0%) 1.18 0.64–2.17 0.59
Pregnancy psychology
 Depression 2,411 (3.2%) 3.44 2.11–5.63  <0.01
 Nervous 3,449 (4.6%) 3.07 1.98–4.78  <0.01
High education levelb

 Father 22,771 (30.7%) 2.02 1.52–2.69  <0.01
 Mother 19,967 (26.9%) 1.60 1.19–2.14  <0.01
Unsociable father 10,676 (14.4%) 2.33 1.69–3.02  <0.01
Unsociable mother 6,253 (8.4%) 1.81 1.20–2.72  <0.01
Low household incomec 9,557 (13.2%) 1.35 0.92–1.98 0.12
Overindulgence 7,981 (10.7%) 2.18 1.52–3.12  <0.01

No, number of people; ORs, odds ratios; 95% CIs, 95% confidence intervals. aAdvanced age means 35 years old or older; bhigh education level means having a bachelor’s, master’s, or 
doctor’ s degree; cLess than 4,625 dollars per year is considered low household income. - Age and BMI are numerical data and cannot be coded into number and percent.

TABLE 1 | Comparison of subjects’ sociodemographic characteristics.

Characteristics Total
(N = 74,251)

ASD
(N = 192)

Normal
(N = 74,059)

P valuea

Age, mean (SD) 7.59 (2.32) 8.20 (2.44) 7.59 (2.32)  <0.01
Male, n (%) 39,034 (53.3%) 146 (0.4%) 38,888 (99.6%)  <0.01
Female n (%) 34,264 (46.7%) 46 (0.1%) 34,218 (99.9%)
BMI, mean (SD) 16.98(3.68) 17.96 (3.99) 16.97 (3.67)  <0.01
Epilepsy, n (%) 180 (0.2%) 22 (11.5%) 158 (0.2%)  <0.01
School record
 Excellent 31,733 (42.8%) 12 (6.3%) 31,721 (42.9%)  <0.01
 Good 33,673 (45.4%) 54 (28.4%) 33,619 (45.4%)
 Average 5,483 (7.4%) 46 (24.2%) 5,437 (7.3%)
 Poor 1,506 (2.0%) 71 (37.4%) 1,435 (1.9%)
Single parent 3,171 (4.4%) 9(4.8%) 3,162 (4.3%) 0.77
Only child 52,386 (71.1%) 137 (71.7%) 52,249(71.1%) 0.84
Advanced maternal ageb 3,562 (5.0%) 11 (5.8%) 3,551(5.0%)  <0.01
Advanced paternal ageb 8,774 (12.8%) 30 (17.2%) 8,744 (12.8%) 0.02
Household incomec

 < 4,625 9,557 (13.2%) 32 (17.0%) 9,525 (13.2%) 0.40
 4,625–15,420 27,640 (38.2%) 65 (34.6%) 27,575 (38.2%)
 15,420–46,259 23,238 (32.1%) 58 (30.9%) 23,180 (32.1%)
 > 46,259 12,008 (16.6%) 33 (17.6%) 11,975 (16.6%)

ASD, autism spectrum disorder; SD, standard deviation; BMI, body mass index. aUnpaired t-tests were adopted to compare the differences of the data, and chi-square tests for 
categorical data; badvanced maternal and paternal age means 35 years old or older; cthe measurement of household income is in US dollars per year.
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mentioned in Table 3, the association between epilepsy and ASD 
was the strongest in the youngest subgroup (OR = 75.12, 95% 
CI = 22.80–247.48, P < 0.01), and the OR decreased with age; in 
age group 2, it was 42.09 (95% CI = 13.93–127.22, P < 0.01), and 
36.98 (95% CI = 13.33–102.58, P < 0.01) in children who were 
10–12 years old.

DISCUSSION

The findings of this study including 74,251 schoolchildren 
suggest that the overall risk for epilepsy associated with ASD is 
robust, and the excess risk observed in girls and younger children 
is substantial. Moreover, this study has an appropriate sample 
size and includes potential risk factors, especially in the different 
ages and genders, to assess the association of epilepsy and ASD 
in Chinese children

This study also found that epilepsy was positively associated 
with ASD, which was highlighted in girls and early onset of 
epilepsy. Taken together with the previous research assessing 
the association between epilepsy and ASD (18–20, 30), this 
study indicates an urgent need for further studies to explore 
the underlying mechanism. We summarized the possibilities to 
explain the pathogenesis for the association. Firstly, previous 
studies have suggested that neurobiological dysfunction was 
believed to be important in ASD. Previous studies have also 
suggested the abnormal acceleration of brain growth in early 
childhood with ASD (15), and disorders in consistent networks 
of brain regions, especially the social network, were closely linked 
with ASD (31–33). As highlighted in an increasing number of 
functional MRI (fMRI) articles, the atypical connectivity of 
brain networks in ASD included the superior temporal gyri 
(34), inferior frontal gyri (34), insula (35), default mode network 
(36), cingulate region (37), and parieto-occipital region (38). 

Meanwhile, the recurrent unprovoked seizures might also be 
harmful to the brain regions, especially when they occur at the 
regions mentioned above. These reasons might contribute in the 
same way to the development of ASD. Additionally, the early onset 
of epilepsy might cause damage to brain regions and therefore 
pose an increased risk for co-occurring ASD. Moreover, seizures 
could cause structural damage in the developing brain (39); the 
structural abnormality of the social brain network would lead to 
ASD (40). Recurrent epilepsy in the long term reflects underlying 
brain dysfunction (39), making the central nervous system more 
vulnerable. When the social network regions are damaged, it 
could lead to the development of ASD or make ASD worse.

Secondly, epilepsy and ASD might share a common 
pathophysiology. There is accumulating evidence of ASD 
causative genes involving up to 1,000 genes (41), and genetics also 
plays an important role in epilepsy (42). The genes affecting the 
developmental process of neuron migration, cell–cell adhesion, 
neurite growth, synapse formation, synaptogenesis, translation, 
intracellular transport, synaptic plasticity, and synaptic function, 
including astrotactin 2 (ASTN2), autism susceptibility candidate 
2 (AUTS2), contactin-associated protein-like 2 (CNTNAP2), 
postsynaptic density protein-95 (DLG4), fragile X mental 
retardation 1 (FMR1), gephyrin (GPHN), lissencephaly 1 
(LIS1), methyl CpG binding protein 2 (MECP2), neurexin 
1/2/3 (NRXN1/2/3), phosphatase and tensin homolog (PTEN), 
reelin (RELN), synapsin 1/2/3 (SYN1/2/3), T-Box brain protein 
1 (TBR1), tuberous sclerosis 2 (TSC2), and ubiquitin protein 
ligase E3A (UBE3A), were reported to be associated with 
both ASD and epilepsy (15). In ASD, the abnormality in both 
serotonin and γ-aminobutyric-acid (GABA) systems, due to the 
alteration of brain serotonin synthesis capacity, and reduction 
in the expression of GABA synthetic enzymes and receptors 
were demonstrated consistently; ASD children had an abnormal 
social activities (11). In epilepsy, decreased GABA receptors in 

FIGURE 2 | Sensitivity analysis of the association between epilepsy and autism spectrum disorder (ASD) in different genders and age groups. Panel (A) shows the 
multivariable logistic regression in different genders. After adjusting for the co-variables, including age, body mass index (BMI), paternal reproductive age, parents’ education 
level, gestational factors including depression and nervousness during pregnancy, parents’ unsociable characteristic, and overindulging in caregiving, the effect size of the 
association between epilepsy and ASD is higher in girls [odds ratio (OR) = 45.26, 95% confidence interval (CI) = 16.42–124.76, P < 0.01] than in boys (OR = 32.64, 95% 
CI = 14.33–74.34, P < 0.01). Panel (B) shows the multivariable logistic regression in different age groups. After adjusting for the co-variables, including age, BMI, paternal 
reproductive age, parents’ education level, gestational factors including depression and nervousness during pregnancy, parents’ unsociable characteristic, and overindulging 
in caregiving, the effect size of the association between epilepsy and ASD is at the highest level in the youngest group (OR = 75.12, 95% CI = 22.80–247.48, P < 0.01), and 
in age groups 2 and 3, the OR values are 42.09 (95% CI = 13.93–127.22, P < 0.01) and 36.98 (95% CI = 13.33–102.58, P < 0.01), respectively. ***P < 0.001.
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the central nervous system were reported to be important in the 
epileptic occurrence (43).

Thirdly, gestational factors such as complications and 
infection during pregnancy and neonatal disorders might also 
affect the association between ASD and epilepsy positively 
(11, 44, 45). It is reported that these gestational factors might 
affect neurodevelopment and have a long-term influence on 
children during their life span. Meanwhile, environmental 
factors including exposure to chemicals during pregnancy 
might positively influence the association between ASD and 
epilepsy, too (11, 46).

It is worth mentioning that the co-occurrence of epilepsy 
and ASD was higher in children attending the special education 
schools. Nearly all children with ID have been enrolled in special 
education schools in Shanghai, where ID prevalence is quite 
high. It was reported that ID is a generalized brain disorder 
that was particularly common in children with epilepsy since it 
could damage the neurons; the prevalence of epilepsy was much 
higher in ID children than their normal peers (47). Meanwhile, 
there was also a high rate of concurrent ASD in ID children (48). 
Hence, it is not difficult to understand why the co-morbidity of 
epilepsy with ASD was much higher in children attending the 
special education schools.

As confirmed in our study of Chinese children, sex, age, 
paternal education level, paternal unsociable characteristics, 
and overindulging in caregiving are consistent risk factors. 
A previous study reported that ASD affected almost 4 to 5 
times more boys than girls, and in our study, boys are 2.79 
times more likely to have ASD (11, 49). Advanced paternal 
age is another risk factor for ASD, although the underlying 
pathogenesis is still unclear, which is supposed to be 
associated with germline mutation, especially in fathers (50, 
51). However, in our study, the association between ASD 
and advanced paternal reproductive age was not significant. 
In addition, the prevalence of ASD in children with higher 
paternal education level is 1.36 times more than those with 
lower paternal education, and this is consistent with the 
previous studies reporting that the parents of ASD children 

might be good at engineering/math training or be more 
technically talented than are other parents (11, 52, 53). A 
unsociable parent might have a poor parent–infant interaction, 
which might influence the infant’s social environment in early 
childhood, but this theory needs further research (54). The 
underlying mechanism of the association between ASD and 
overindulging in caregiving is still unknown.

The main strengths of this study were the large sample size, 
the adjustment for potential confounding and risk factors, and 
the use of a validated instrument for ASD and epilepsy diagnosis. 
However, there was no follow-up for this epidemiological study; 
there might exist a recall bias, as the information was gathered 
based on the parents’ memory. Thirdly, there might exist some 
bias in the enrollment, as parents of children with severe 
problems may not have been willing to participate in this study.

In conclusion, epilepsy is significantly associated with ASD 
after controlling for the confounders, and the association 
is stronger among girls and children with an early onset 
of epilepsy.

ETHICS STATEMENT

All participants and their caregivers had signed the informed 
consent, and they were also informed that the whole survey 
involvement would be innominate and voluntary. The Human 
Research Ethics Committee of Shanghai Children’s Medical 
Center, Shanghai Jiao Tong University School of Medicine 
had approved the study protocol and ethnical application. 
Meanwhile, this survey was approved by the Institutional 
Review Board of Shanghai Municipal commission of Health 
and Family Planning.

AUTHOR CONTRIBUTIONS

AZ and JL co-designed the study, conducted the analysis, and 
drafted the initial manuscript. YZ and XJ contributed to the 

TABLE 3 | The association between ASD and epilepsy using multivariable logistical regression test.

Variables No. ORs 95% CIs P value

Epilepsy 180 (0.2%) 38.99 20.70–73.41  <0.01
Male gender 39,034 (53.3%) 2.76 1.85–4.13  <0.01
Age – 1.01 1.01–1.02  <0.01
BMI – 1.04 1.00–1.08 0.08
Advanced paternal agea 8,774 (12.8%) 1.43 0.91–2.25 0.12
Pregnancy psychology
 Depression 2,411 (3.2%) 3.05 1.66–5.61  <0.01
 Nervous 3,449 (4.6%) 2.59 1.48–4.53  <0.01
High education levelb

 Father 22,771 (30.7%) 1.36 1.10–1.68  <0.01
 Mother 19,967 (26.9%) 1.13 0.92–1.39 0.24
Unsociable father 10,676 (14.4%) 1.72 1.14–2.59 0.01
Unsociable mother 6,253 (8.4%) 1.28 0.75–2.18 0.37
Overindulgence 7,981 (10.7%) 1.81 1.19–2.77  <0.01

aAdvanced age means 35 years old or older; bhigh education level means having a bachelor’s, master’s, or doctor’ s degree. - Age and BMI are numerical data and cannot be coded 
into number and percent.

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org


Epilepsy and Autism Spectrum DisorderZhang et al.

7 September 2019 | Volume 10 | Article 658Frontiers in Psychiatry | www.frontiersin.org

conduct of the study. JM designed the study and reviewed and 
revised the manuscript. All authors reviewed the manuscript and 
approved the final version.

FUNDING

This study was funded by grants from the Science and Technology 
Commission of Shanghai Municipality (grants 14JC1404600, 
16411952800, and 18411960200), the Development of Science 
and Technology in Pu Dong District (PKJ2017-Y06), and the 
National Natural Science Foundation of China (81528023).

ACKNOWLEDGMENTS

The authors are thankful to all the principals, teachers, children, 
and their caregivers for their participation and support in this 
study.

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: 
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00658/
full#supplementary-material

REFERENCES

 1. Autism and Developmental Disabilities Monitoring Network Surveillance 
Year 2006 Principal Investigators; Centers for Disease Control and 
Prevention (CDC). Prevalence of autism spectrum disorders—autism and 
developmental disabilities monitoring network, United States, 2006. MMWR 
Surveill Summ (2009) 58:1–20.

 2. Autism and Developmental Disabilities Monitoring Network Surveillance 
Year 2008 Principal Investigators; Centers for Disease Control and 
Prevention (CDC). Prevalence of autism spectrum disorders—autism and 
developmental disabilities monitoring network, United States, 2008. MMWR 
Surveill Summ (2012) 61:1–19. 

 3. Mattila ML, Kielinen M, Linna SL, Jussila SL, Ebeling H, Bloigu et al. Autism 
spectrum disorders according to DSM-IV-TR and comparison with DSM-V 
draft criteria: an epidemiological study. J Am Acad Child Adolesc Psychiatry 
(2011) 50:583–92. doi: 10.1016/j.jaac.2011.04.001

 4. Kim YS, Leventhal BL, Koh YJ, Fombonne E, Laska E, Lim EC, et al. 
Prevalence of autism spectrum disorders in a total population sample. Am J 
Psychiatry (2011) 168:904–12. doi: 10.1176/appi.ajp.2011.10101532

 5. Saemundsen E, Magnússon P, Georgsdóttir I, Eqilsson E, Rafnsson V. 
Prevalence of autism spectrum disorders in an Icelandic birth cohort. BMJ 
Open (2013) 3:e002748. doi: 10.1136/bmjopen-2013-002748

 6. Manning-Courtney P, Murray D, Currans K, Johnson H, Bing N, Kroeger-
Geoppinger K, et al. Autism spectrum disorder. Curr Probl Pediatr Adolesc 
Health Care (2013) 43:2–11. doi: 10.1016/j.cppeds.2012.08.001

 7. Lavelle TA, Weinstein MC, Newhouse JP, Munir K, Kuhlthau KA, Prosser 
LA, et al. Economic burden of childhood autism spectrum disorders. 
Pediatrics (2014) 133:e520–9. doi: 10.1542/peds.2013-0763

 8. Larsson HJ, Eaton WW, Madsen KM, Vestergaard M, Olesen AV, Agerbo E 
et al. Risk factors for autism: perinatal factors, parental psychiatric history, 
and socioeconomic status. Am J Epidemiol (2005) 161:916–25. doi: 10.1093/
aje/kwi123

 9. Daniels JL, Forssen U, Hultman CM, Cnattingius S, Savitz DA, Feychting M, 
et al. Parental psychiatric disorders associated with autism spectrum disorders 
in the offspring. Pediatrics (2008) 121:e1357–62. doi: 10.1542/peds.2007-2296

 10. Rai D, Lee BK, Dalman C, Golding J, Lewis G, et al. Paternal depression, 
maternal antidepressant use during pregnancy, and risk of autism spectrum 
disorders: population-based case–control study. BMJ (2013) 346:f2059. doi: 
10.1136/bmj.f2059

 11. Lai MC, Lombardo MV, Baron-Cohen S. Autism. Lancet (2014) 383:896–
910. doi: 10.1016/S0140-6736(13)61539-1

 12. Khaiman C, Onnuam K, Photchanakaew S, Chonchaiya W, Suphapeetiporn 
K. Risk factors for autism spectrum disorder in the Thai population. Eur J 
Pediatr (2015) 174:1365–72. doi: 10.1007/s00431-015-2544-2

 13. Fitzgerald J, Johnson K, Kehoe E, Bokde AL, Garavan H, Gallagher, L et al. 
Disrupted functional connectivity in dorsal and ventral attention networks 
during attention orienting in autism spectrum disorders. Autism Res (2015) 
8:136–52. doi: 10.1002/aur.1430

 14. Sato W, Kochiyama T, Uono S, Yoshimura S, Kubota Y, Sawada R, et al. 
Reduced gray matter volume in the social brain network in adults with 

autism spectrum disorder. Front Hum Neurosci (2017) 11:395. doi: 10.3389/
fnhum.2017.00395

 15. Gilbert J, Man HY. Fundamental elements in autism: from neurogenesis and 
neurite growth to synaptic plasticity. Front Cell Neurosci (2017) 11:359. doi: 
10.3389/fncel.2017.00359

 16. Guerreiri CA. Epilepsy: is there hope? Indian J Med Res (2014) 144:657–60. 
doi: 10.4103/ijmr.IJMR_1051_16

 17. Ba-Diop A, Marin B, Druet-Cabanac M, Ngoungou EB, Newton CR, Prex 
PM. Epidemiology, causes, and treatment of epilepsy in sub-Saharan Africa. 
Lancet Neurol (2014) 13:1029–44. doi: 10.1016/S1474-4422(14)70114-0

 18. Spence SJ, Schneider MT. The role of epilepsy and epileptiform EEGs in 
autism spectrum disorders. Pediatr Res (2009) 65:599–606. doi: 10.1203/
PDR.0b013e31819e7168

 19. Tuchman R, Cuccaro M, Alessandri M. Autism and epilepsy: historical 
perspective. Brain Dev (2010) 32:709–18. doi: 10.1016/j.braindev.2010.04.008

 20. Jokiranta E, Sourander A, Suominen A, Timonen-Soivio L, Brown AS, 
Sillanpää M. Epilepsy among children and adolescents with autism spectrum 
disorders: a population-based study. J Autism Dev Disord (2014) 44:2547–57. 
doi: 10.1007/s10803-014-2126-6

 21. Accardo JA, Malow BA. Sleep, epilepsy, and autism. Epilepsy Behav (2015) 
47:202–6. doi: 10.1016/j.yebeh.2014.09.081

 22. Lee BH, Smith T, Paciorkowski AR. Autism spectrum disorder and epilepsy: 
disorders with a shared biology. Epilepsy Behav (2015) 47:191–201. doi: 
10.1016/j.yebeh.2015.03.017

 23. El Achkar CM, Spence SJ. Clinical characteristics of children and young 
adults with co-occurring autism spectrum disorder and epilepsy. Epilepsy 
Behav (2015) 47:183–90. doi: 10.1016/j.yebeh.2014.12.022

 24. Tuchman R. What is the relationship between autism spectrum disorders 
and epilepsy. Semin Pediatr Neurol (2017) 24:292–300. doi: 10.1016/j.
spen.2017.10.004

 25. Sundelin HE, Larsson H, Lichtenstein P, Almqvist C, Hultman CM, 
Tomson T, et al. Autism and epilepsy: a population-based nationwide cohort 
study. Neurology (2016) 87:192–7. doi: 10.1212/WNL.0000000000002836

 26. Chen C, Jin Z, Yang Y, Jiang F, Jin X, Huang H, et al. Prevalence of grade 
1, 2, 3 thinness is associated with lower socioeconomic status in children 
in Shanghai, China. Public Health Nutr (2016) 19:2002–10. doi: 10.1017/
S1368980016000045

 27. Fervaha G, Remington G. Invalid responding in questionnaire-based 
research: implications for the study of schizotypy. Psychol Assess (2013) 
25:1355–60. doi: 10.1037/a0033520

 28. Gau S, Lee C, Lai M, Chiu Y, Huang Y, Kao J, et al. Psychometric properties 
of the Chinese version of the Social Communication Questionnaire. Res 
Autism Spect Dis (2011) 5:809–11. doi: 10.1016/j.rasd.2010.09.010

 29. van Donselaar CA, Stroink H, Arts WF, Dutch Study Group of Epilepsy in 
Childhood. How confident are we of the diagnosis of epilepsy? Epilepsia 
(2006) 47(suppl 1):9–13. doi: 10.1111/j.1528-1167.2006.00653.x

 30. Berg AT, Plioplys S. Epilepsy and autism: is there a special relationship? 
Epilepsy Behav (2013) 23:193–8. doi: 10.1016/j.yebeh.2012.01.015

 31. Pelphrey KA, Shultz S, Hudac CM, Vander Wyk BC. Research review: 
constraining heterogeneity: the social brain and its development in autism 

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00658/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fpsyt.2019.00658/full#supplementary-material
https://doi.org/10.1016/j.jaac.2011.04.001
https://doi.org/10.1176/appi.ajp.2011.10101532
https://doi.org/10.1136/bmjopen-2013-002748
https://doi.org/10.1016/j.cppeds.2012.08.001
https://doi.org/10.1542/peds.2013-0763
https://doi.org/10.1093/aje/kwi123
https://doi.org/10.1093/aje/kwi123
https://doi.org/10.1542/peds.2007-2296
https://doi.org/10.1136/bmj.f2059
https://doi.org/10.1016/S0140-6736(13)61539-1
https://doi.org/10.1007/s00431-015-2544-2
https://doi.org/10.1002/aur.1430
https://doi.org/10.3389/fnhum.2017.00395
https://doi.org/10.3389/fnhum.2017.00395
https://doi.org/10.3389/fncel.2017.00359
https://doi.org/10.4103/ijmr.IJMR_1051_16
https://doi.org/10.1016/S1474-4422(14)70114-0
https://doi.org/10.1203/PDR.0b013e31819e7168
https://doi.org/10.1203/PDR.0b013e31819e7168
https://doi.org/10.1016/j.braindev.2010.04.008
https://doi.org/10.1007/s10803-014-2126-6
https://doi.org/10.1016/j.yebeh.2014.09.081
https://doi.org/10.1016/j.yebeh.2015.03.017
https://doi.org/10.1016/j.yebeh.2014.12.022
https://doi.org/10.1016/j.spen.2017.10.004
https://doi.org/10.1016/j.spen.2017.10.004
https://doi.org/10.1212/WNL.0000000000002836
https://doi.org/10.1017/S1368980016000045
https://doi.org/10.1017/S1368980016000045
https://doi.org/10.1037/a0033520
https://doi.org/10.1016/j.rasd.2010.09.010
https://doi.org/10.1111/j.1528-1167.2006.00653.x
https://doi.org/10.1016/j.yebeh.2012.01.015


Epilepsy and Autism Spectrum DisorderZhang et al.

8 September 2019 | Volume 10 | Article 658Frontiers in Psychiatry | www.frontiersin.org

spectrum disorder. J Child Psychol Psychiatry (2011) 52:631–44. doi: 
10.1111/j.1469-7610.2010.02349.x

 32. Mevel K, Fransson P. The functional brain connectome of the child and 
autism spectrum disorders. Acta Paediatr (2016) 105:1024–35. doi: 10.1111/
apa.13484 

 33. Philip RC, Dauvermann MR, Whalley HC, Baynham K, Lawrie SM, Stanfield 
AC. A systematic review and meta-analysis of the fMRI investigation of 
autism spectrum disorders. Neurosci Biobehav Rev (2012) 36:901–42. doi: 
10.1016/j.neubiorev.2011.10.008

 34. Dinstein I, Pierce K, Eyler L, Solso S, Malach R, Behrmann M, et al. Disrupted 
neural synchronization in toddlers with autism. Neuron (2011) 70:1218–25. 
doi: 10.1016/j.neuron.2011.04.018

 35. Di Martino A, Kelly C, Grzadzinski R, Zuo XN, Mennes M, Mairena MA, 
et al. Aberrant striatal functional connectivity in children with autism. Biol 
Psychiatry (2011) 69:847–56. doi: 10.1016/j.biopsych.2010.10.029

 36. Washington SD, Gordon EM, Brar J, Warburton S, Sawyer AT, Wolfe A, et 
al. Dysmaturation of the default mode network in autism. Hum Brain Mapp 
(2013) 35:1284–96. doi: 10.1002/hbm.22252

 37. Cherkassky VL, Kana RK, Keller TA, Just MA. Functional connectivity in 
a baseline resting-state network in autism. Neuroreport (2006) 17:1687–90. 
doi: 10.1097/01.wnr.0000239956.45448.4c

 38. Anderson JS, Druzgal TJ, Froehlich A, DuBray MB, Lange N, Alexander AL, 
et al. Decreased interhemispheric functional connectivity in autism. Cereb 
Cortex (2011) 21:1134–46. doi: 10.1093/cercor/bhq190

 39. Stafstrom CE, Carmant L. Seizures and epilepsy: an over view for 
neuroscientists. Cold Spring Harb Perspect Med (2015) 5:a022426. doi: 
10.1101/cshperspect.a022426

 40. Uddin LQ, Supekar K, Menon V. Reconceptualizing functional brain 
connectivity in autism from a developmental perspective. Front Hum 
Neurosci (2013) 7:458. doi: 10.3389/fnhum.2013.00458

 41. Abrahams BS, Arking DE, Campbell DB, Mefford HC, Morrow EM, 
Weiss LA, et al. SFARI Gene 2.0: a Community-Driven Knowledgebase 
for the Autism Spectrum Disorders (Asds). Mol Autism (2013) 4:36. doi: 
10.1186/2040-2392-4-36

 42. Poduri A, Lowenstein D. Epilepsy genetics—past, present, and future. Curr 
Opin Genet Dev (2011) 21:325–32. doi: 10.1016/j.gde.2011.01.005

 43. Mathew J, Balakrihnan S, Antony S, Abraham PM, Paulose CS. 
Decreased GABA receptor in the cerebral cortex of epileptic rats: effect 
of Bacopa monnieri and Bacoside-A. J Biomed Sci (2012) 19:25. doi: 
10.1186/1423-0127-19-25

 44. Nørgaard M, Ehrenstein V, Nielsen RB, Bakketeig LS, Sørensen HT. Maternal 
use of antibiotics, hospitalisation for infection during pregnancy, and risk 
of childhood epilepsy: a population-based cohort study. PLoS One (2012) 
7:e30850. doi: 10.1371/journal.pone.0030850

 45. Fong CY, Harvey AS. Variable outcome for epilepsy after neonatal hypoglycaemia. 
Dev Med Child Neurol (2014) 56:1093–9. doi: 10.1111/dmcn.12496

 46. Szász A, Barna B, Gajda Z, Galbács G, Kirsch-Volders M, Szente M. Effect 
of continuous low-dose exposure to organic and inorganic mercury during 
development on epileptogenicity in rats. Neurotoxicology (2002) 23:197–206. 
doi: 10.1016/S0161-813X(02)00022-0

 47. Ool JSV, Snoeijen-Schouwenaars FM, Schelhaas HJ, Tan IY, Aldenkamp AP, 
Hendriksen JGM. A systematic review of neuropsychiatric comorbidities in 
patients with both epilepsy and intellectual disability. Epilepsy Behav (2016) 
60:130–7. doi: 10.1016/j.yebeh.2016.04.018

 48. Bishop SL, Thurm A, Farmer C, Lord C. Autism spectrum disorder, 
intellectual disability and delayed walking. Pediatrics (2016) 137:e20152959. 
doi: 10.1542/peds.2015-2959

 49. Fombonne E, Quirke S, Hagen A. Epidemiology of pervasive developmental 
disorders. In: Amaral DG, Dawson G, Geschwind DH, editors. Autism 
spectrum disorders. New York, NY: Oxford University Press (2011). p. 
90–111. doi: 10.1093/med/9780195371826.003.0007

 50. Kong A, Frigge ML, Masson G, Besenbacher S, Sulem P, Magnusson G, et al. 
Rate of de novo mutations and the importance of father’s age to disease risk. 
Nature (2012) 488:471–5. doi: 10.1038/nature11396

 51. Michaelson JJ, Shi Y, Gujral M, Zheng H, Malhotra D, Jin X, et al. Whole-
genome sequencing in autism identifies hot spots for de novo germline 
mutation. Cell (2012) 151:1431–42. doi: 10.1016/j.cell.2012.11.019

 52. Karst JS, Van Hecke AV. Parent and family impact of autism spectrum 
disorders: a review and proposed model for intervention evalution. Clin 
Child Fam Psychol Rev (2012) 15:247–77. doi: 10.1007/ 10567-012-0119-6 

 53. Roelfsema MT, Hoekstra RA, Allison C, Wheelwright S, Brayne C, Matthews 
FE, et al. Are autism spectrum conditions more prevalent in an information-
technology region? A school-based study of three regions in the Netherlands. 
J Autism Dev Disord (2012) 42:734–9. doi: 10.1007/s10803-011-1302-1

 54. Wan MW, Green J, Elsabbagh M, Johnson M, Charman T, Plummer F, et al. 
Parent–infant interaction in infant siblings at risk of autism. Res Dev Disabil 
(2012) 33:924–32. doi: 10.1016/j.ridd.2011.12.011

Conflict of Interest Statement: The authors declare that the research was 
conducted in the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Copyright © 2019 Zhang, Li, Zhang, Jin and Ma. This is an open-access article 
distributed under the terms of the Creative Commons Attribution License (CC 
BY). The use, distribution or reproduction in other forums is permitted, provided 
the original author(s) and the copyright owner(s) are credited and that the original 
publication in this journal is cited, in accordance with accepted academic practice. No 
use, distribution or reproduction is permitted which does not comply with these terms.

https://www.frontiersin.org/journals/psychiatry#articles
https://www.frontiersin.org/journals/psychiatry
www.frontiersin.org
https://doi.org/10.1111/j.1469-7610.2010.02349.x
http://doi.org/10.1111/apa.13484
http://doi.org/10.1111/apa.13484
https://doi.org/10.1016/j.neubiorev.2011.10.008
https://doi.org/10.1016/j.neuron.2011.04.018
https://doi.org/10.1016/j.biopsych.2010.10.029
https://doi.org/10.1002/hbm.22252
https://doi.org/10.1097/01.wnr.0000239956.45448.4c
https://doi.org/10.1093/cercor/bhq190
https://doi.org/10.1101/cshperspect.a022426
https://doi.org/10.3389/fnhum.2013.00458
https://doi.org/10.1186/2040-2392-4-36
https://doi.org/10.1016/j.gde.2011.01.005
https://doi.org/10.1186/1423-0127-19-25
https://doi.org/10.1371/journal.pone.0030850
https://doi.org/10.1111/dmcn.12496
https://doi.org/10.1016/S0161-813X(02)00022-0
https://doi.org/10.1016/j.yebeh.2016.04.018
https://doi.org/10.1542/peds.2015-2959
https://doi.org/10.1093/med/9780195371826.003.0007
https://doi.org/10.1016/j.cell.2012.11.019
http://doi.org/10.1007/ 10567-012-0119-6
https://doi.org/10.1007/s10803-011-1302-1
https://doi.org/10.1016/j.ridd.2011.12.011
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Epilepsy and Autism Spectrum Disorder: An Epidemiological Study in Shanghai, China
	Introduction
	Materials and Methods
	Subjects and Study Design
	Questionnaires
	Diagnostic Criteria
	Statistical Analysis

	Results
	Baseline Information
	Risk Factors for ASD
	Association Between ASD and Epilepsy
	Sensitivity Analysis

	Discussion
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	Supplementary Material
	References


