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Abstract: We recruited 15,417 participants aged 18 to 36 months in central China using a stratified, multi-stage random
sampling method. For children with a positive result in Toddlers screening test, further diagnostic assessment of autism spectrum
disorders (ASD) was performed using the childhood autism rating scale and the Diagnostic and Statistical Manual of Mental
Disorders. ASD prevalence among these children was 0.58% in Hubei province. Multivariate-adjusted logistic regression models
were then used to explore potential ASD risk factors. One parent aged 35 or older, preterm birth, and birth weight < 2.0 kg
remained significantly associated with elevated ASD risk (P < 0.05). These findings indicated that management of adverse
perinatal factors may prevent the occurrence of ASD.
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Peninsula to 185/10,000 children of Asian population [7]. In
Europe, the highest prevalence has been observed in Sweden
(115/10,000), while the lowest is in Croatia (2-3/10,000) [8].
The amount and cost of care needed to provide support and
services for families with ASD patients have been increased
dramatically. ASD has become a major public health problem
globally.

The incidence of ASD has been rising due to increased
awareness of this disease and advancement of clinical
diagnosis [9]. About 25 years ago, ASD was thought to be a

1. Introduction

Autism spectrum disorders (ASD) are a group of
developmental disabilities characterized by impairment in
social interaction and communication and featured by
restricted, repetitive, and stereotyped patterns of behavior.
Symptoms of ASD typically appear before age 3 [1].
Prevalence of ASD has risen sharply over the past two decades
[2-5]. Recently, the estimate increased from approximately 1%
in large studies of ascertaining possible ASD cases in the US

and the UK to 2.6% in one South Korean study that actively
screened for ASD in a general population [6]. ASD prevalence
varied worldwide from 1.4/10,000 children in the Arabian

rare condition and only occur mostly in western countries.
Even today, most people in Africa either didn’t know this
disorder or considered it as a disease belonging to the western
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developed countries. ASD prevalence and occurrence in
China is still unclear and its existence is even under debate.

ASD is a complex multifactorial disease with unknown
etiology. Multiple risk factors, including environmental, biologic
and genetic factors, were believed to stay associated with
development of ASD [10]. Children born from older parents are
at a greater risk of having ASD [11]. The critical period for ASD
development may occur before, during, and immediately after
birth. The studies on prevalence and risk factors of ASD in
Chinese children are barely existing, mainly due to lack of
epidemiologic research in large population of children.

This population-based study in Hubei Province (central China)
was designed to investigate the prevalence of ASD among
children aged 18-36 months and to explore potential paternal and
perinatal risk factors associated with ASD to provide guidance
for early intervention for children with ASD.

2. Materials and Methods

2.1. Participant Recruiting

Our study was conducted at Hubei Province, which was part
of a national survey of disabled children aged 0-6 years in
China in 2003. Participants were recruited with a stratified,
multi-stage random sampling method.

First, 29 districts and counties in urban or rural areas were
randomly selected from total 89 districts and counties in
Hubei province. At each district or county, two communities
were randomly selected. All the children aged 18 to 36 months
from the selected sites were included in our study. Children
with the following conditions were excluded from the study:
(1) with severe physical diseases (i.e. cancer , hearing
impairment, aphasia, severe physical disability, and seizure
disorders), (2) with psychiatric diseases (i.e. phobia and
obsessive-compulsive disorder), and (3) with severe
intellectual disability. In total, 1,242 children were excluded,
including 414 children with serious physical diseases, 362
children with a family history of mental or psychiatric
diseases, and 466 children with severe intelligent disorders or
cognitive problems.

2.2. Methods

Two pediatricians from one local hospital in each of the
selected sites got trained at Hubei Maternity and Child Health
Care Hospital for the sampling procedure, as well as the
appropriate use of screening and diagnostic tools for ASD.
These trained pediatricians conducted the screening test of
ASD by face-to-face interviews with 15,417 children and their
parents in local hospitals and collected baseline information
through questionnaires. Each questionnaire includes parental
age, education level, occupation, income, place of residence,

gestational age, birth weight, infection during pregnancy, fetus
protection therapy, perinatal asphyxia, pathologic jaundice,
hypoxic-ischemic encephalopathy and gestational diabetes.

For the child with the positive result for the Checklist of
Autism in Toddlers (Chat-23) test, further assessment for a
confirmed diagnosis of ASD was carried out by two senior
pediatricians in the Department of Child Health Care in Hubei
Maternity and Child Health Care Hospital. The childhood
autism rating scale (CARS) together with the Diagnostic and
Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
was used for ASD diagnosis. Diagnostic criteria include
persistent deficits in social communication and social
interactions across multiple contexts. ASD severity was
defined based on social communication impairment and
restricted, repetitive patterns of behaviors.

2.3. Statistical Analysis

Continuous variables were expressed as mean + standard
deviation. Categorical variables were presented as number.
Student t-test was used to compare the difference between
ASD children and non-ASD controls for each continuous
variable. Chi-square test was applied to measure the difference
between children with and without ASD for each categorical
variable. We then used logistic regression model with stepwise
variable selection procedures to identify risk factors for ASD.
Difference was considered statistically significant at P<0.05.
All statistical analyses were carried out by SAS software,
version 8.2.

3. Results

3.1. General Information of Participants and ASD
Prevalence

In total, 15,417 children were recruited for this study,
among whom 7,941 were male and 7,476 were female. There
were 7,543 and 7,874 participants in urban and rural area,
respectively. Children aged 18-20 months, 21-23 months,
24-29 months, and 30-36 months were 3,319, 3,254, 4,242 and
4,602, respectively. There was no significant difference in age
of diagnosis for ASD (x*=0.90, P=0.27).

As shown in Table 1, all children (874, 5.67%) were
suspected to be ASD after the Chat-23 screening test. Of these
ASD suspected cases, 605 were boys with a positively
screening rate of 7.62% and 269 girls with a positively
screening rate of 3.60% (P < 0.001). The positive rates of
ASD screening test were similar between urban and rural
regions (5.69% vs. 5.65%; P =0.93). There were 429 in 7,543
children (5.69%) in rural regions who were suspected to be
ASD and 445 in 7874 children (5.65%) in the urban regions (P
=0.93).

Table 1. ASD screening and diagnosed results by residence, gender, and age.

N ASD screening ASD diagnosis
number ASD prevalence via screening positive rate (%) number ASD diagnosed positive rate (%)
Residence
Urban 7543 429 5.69 43 0.57
Rural 7874 445 5.65 46 0.58
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ASD screening

ASD diagnosis

N number ASD prevalence via screening positive rate (%) number ASD diagnosed positive rate (%)

Gender

Female 7476 269 3.60 16 0.21

Male 7941 605 7.62 73 0.92

Age

18 months+ 3319 215 6.48 18 0.54

21 months+ 3254 218 6.70 22 0.68

24 months+ 4242 221 5.21 25 0.59

30-36 months 4602 220 4.78 24 0.52

Among the 874 children who were positive in the ASD
screening test, 89 cases were further confirmed with ASD
diagnoses. Overall, the ASD prevalence in children between 18
and 36 months old was 0.58% in Hubei province. Among 89
children diagnosed with ASD, 73 were males (0.92%) and 16 were
females (0.21%). There was a significantly higher prevalence rate
in males than in females (y’= 19.46, P < 0.0001). There was no
significant difference in the prevalence rate of ASD diagnosis
between urban and rural area (0.58% vs. 0.57%; P =0.90).

Table 2. Characteristics of participants by ASD status.

3.2. Comparison of Characteristics of the Participants
According to ASD Status

The univariate results in Table 2 showed that the prevalence of
older mother or father, age of delivery, preterm birth, birth weight
< 2.0 kg, infection during pregnancy, fetal protection therapy,
perinatal asphyxia, pathologic jaundice, hypoxic-ischemic
encephalopathy, or gestational diabetes were significantly higher

in ASD cases than those without ASD (all P <0.05).

Number of ASD Number without ASD X P
Mother age (y)
<35 19 8095
35+ 70 7233 25.63 <0.0001
Father age (y)
<35 23 9318
35+ 66 6010 22.37 <0.0001
Sex
Male 73 7868
Female 16 7460 19.46 <0.0001
Residence
Urban 43 7500
Rural 46 7828 0.013 091
Preterm birth
Yes 54 2067
No 35 13261 42.24 <0.0001
Birth weight (kg)
<2.0 31 517
20+ 58 14811 28.34 <0.0001
Infection during pregnancy
Yes 65 2067
No 24 13261 63.93 <0.0001
Fetus protection therapy
Yes 63 1955
No 2% 13373 37.20 <0.0001
Perinatal asphyxia
Yes 74 2756
No 15 12572 75.18 <0.0001
Pathologic jaundice
Yes 69 1206
No 20 14122 87.71 <0.0001
Hypoxic-ischemic encephalopathy
Yes 55 1442
No 34 13886 51.33 <0.0001
Gestational diabetes
Yes 23 1894
No 66 13434 321 0.02

3.3. Multivariate Logistic Regression of Risk Factors for
ASD

As exhibited in Table 2, multivariate logistic regression was
carried out with the significant risk factors from univariate

analyses. Stepwise selection procedure was applied. It
indicated that mothers or fathers 35 years or older, preterm
birth, and birth weight < 2.0 kg remained significantly
associated with higher risk of ASD (Table 3).
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Table 3. Multivariable-adjusted ORs and 95% Cls of ASD of its risk factors.

Risk factors ORs (95% CI) P value
Mother age 35+ 1.57 (1.17-2.58) <0.0001
Father age 35+ 1.61 (1.27-2.99) <0.0001
Preterm 1.87 (1.62-2.16) <0.0001
Birth weight <2.0 kg 1.24 (1.05-1.46) 0.01

4. Discussion

This population-based survey data showed that the overall
prevalence of autism was estimated at 5.8 per 1000 among
children aged 18 to 36 months living in Hubei, China. The
ASD prevalence in male and female were 9.2 per 1000 and 2.1
per 1000, respectively. We also found that older mother or
father, age of delivery, preterm birth, and birth weight <2.0 kg
was significantly associated with higher risk of ASD.

4.1. Prevalence of ASD

In the United States, the overall estimated prevalence of
ASD among the 14 sites of the Autism and Developmental
Disabilities Monitoring (ADDM) was 11.3 per 1000 children
who were around eight years old [4]. On April 26, 2018, the
Centers for Disease Control and Prevention (CDC) released
new data on the prevalence of autism in the United States.
This surveillance study identified 1 out of 59 children
(approximately 17 per 1,000) as ASD patients. In 2011, the
prevalence of autism was estimated at 4.1 per 1000 in
Australia [12]. Almost one-third of ASD cases were related to
high function ASD [3].

On the other hand, ASD survey data from large-scale
population-based epidemiological studies in China had not
been reported. We did thorough survey on prevalence of ASD
at China National Knowledge Infrastructure (CNKI),
Wanfang database and PubMed database between 2000-2016,
and identified 21 papers published in 15 journals about the
epidemiology of ASD among children in China. We estimated
the pooled prevalence of ASD is 0.24% (2.4 per 1000), which
is generally lower than those reported in the present study and
most of western countries [13]. Of note, the prevalence of
ASD was similar between urban area (1.7 per 1000) and rural
area (0.9 per 1000) [13].

In addition, ASD diagnosis criteria have a high degree of
heterogeneity in previous studies. The prevalence of ASD
may vary due to different screening and diagnostic methods.
The present study among a representative sample of Chinese
children used the CHAT-23 for screening and the childhood
autism rating scale (CARS) and the DSM-5 for further
diagnosis. In this paper, the reported ratio of 0.58% for ASD
prevalence is reasonable among Chinese children of 18 to 36
months.

4.2. Gender Differences in the Prevalence of ASD

ASD shows a striking gender difference, with approximately
4:1 of male to female ratio [14]. In 2018, the combined estimated
prevalence of ASD among 11 ADDM Network sites was 1 in 42
boys (24 per 1,000) and 1 in 189 girls (5 per 1,000)
(https://www.autismspeaks.org/science-news/cdc-increases-esti

mate-autisms-prevalence-15-percent-1-59-children).  Estimated
prevalence was significantly higher among boys aged 8 (23.6 per
1,000) than girls aged 8 (5.3 per 1,000) [15]. Our study further
confirmed this gender difference of ASD prevalence in Chinese
children, though the male to female ratio was slightly different.
Of 89 confirmed ASD cases aged from 18 to 36 months, there
were 73 males (9.2 per 1,000) and 16 females (2.1 per 1,000), and
the ratio of male to female is 4.38 to 1. As we reviewed the
literature of ASD prevalence in China from 21 papers published
between 2000 and 2016, we found similarly gender-specific
difference in the ASD prevalence in Chinese children, which
were 3.5 per 1000 for male and 0.7 per 1000 for female [13].

However, mechanisms underlying sexually dimorphic ASD
prevalence are still poorly understood. Biological
explanations for the sex difference in ASD prevalence were
most relevant to genetic basis [16]. It has been hypothesized
that females with ASD are likely to carry a higher heritable
mutational “load” than affected males [17]. Evidences
suggested that sex chromosomal genes and/or sex hormones,
especially testosterone, may modulate the effects of genetic
variation on the presentation of an autistic phenotype [16].
Recent genetic studies have suggested that females may be
protected from the effects of heritable and de novo ASD risk
variants. For instance, recent studies have identified the first
inherited autosomal variant, a rare copy number variants
(CNVs) in SHANKI1 gene, which encodes scaffolding
proteins at the postsynaptic site of excitatory synapses in the
brain [18, 19] Males carrying this variant had
high-functioning autism while female relatives carrying the
same variant showed anxiety, indicating a clearly reduced
penetrance in female [20]. While they cannot fully explain the
gender difference, females with ASD tend to have fewer
restricted and repetitive behaviors and externalizing
behavioral problems than males.

4.3. Regional Differences in the Prevalence of ASD

The prevalence of ASD may differ in the demography,
including racial/ethnic, and socioeconomic groups or health
care services. The latter includes diagnostic and
developmental evaluations. Estimated prevalence varied
widely among the 11 ADDM Network sites, ranging from 8.2
per 1,000 children to 24.6 per 1,000 children [2]. Estimated
ASD prevalence was significantly higher among Caucasian
children (15.5 per 1,000) than among black children (13.2 per
1,000), and Hispanic (10.1 per 1,000) children [1, 2, 21]

Although previous studies indicated that prevalence of
ASD in the urban areas of China was significantly higher than
that in rural areas, it is still too early to make a conclusion that
regions make difference. It is possible that these differences
may be associated with ASD recognition and awareness in
specialist and/or the parents, research methods and availability
of diagnostic services. Our study showed no statistically
significant differences in the prevalence rate of ASD between
urban and rural areas. This study has been equipped with
various measurement standards and strict quality control, in
order to avoid subjective bias and advance our understanding
of the impact of early diagnosis.
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4.4. Risk Factors of ASD

The dramatic increase in ASD patients in recent years
cannot be solely explained by the broadening of diagnostic
criteria. Our study showed that mothers or fathers aged 35
years or older, preterm birth, and birth weight < 2.0 kg were
significantly and independently associated with risk of ASD.
When a baby is conceived, a father’s and /or mother’s age is
the single largest factor in the risk of passing on new gene
mutations to children [22]. The age-linked increase in
mutations proportionally increased the possibility whether a
child might carry a harmful mutation related to ASD [23].

Although there is a strong genetic contribution to autism, it is
clear that environmental factors such as maternal infection can
also increase the risk for this disorder [24]. Our study showed that
infection during pregnancy was associated with increased risk of
ASD. Maternal infection may alter fetal brain development to
cause these abnormalities [10]. Activation of mother’s immune
system increases the level of one protein (cytokine), termed IL-6,
which is important to fight against infection. Moreover, this
elevation of IL-6 alters the function of the placenta that is critical
for the development of autism-like symptoms in the offspring
[25]. Our study suggests that low birth weight (LBW) and
premature infants are associated with increased risk of ASD. The
association between ASD and LBW might be mediated by
several prenatal or neonatal factors, such as maternal age and
health conditions, nutrition deficits, hypoxia, and other
obstetrical factors that were described in association with
prematurity and LBW [26]. Our previous study found that the
incidence of preterm birth was positively associated with
maternal age 35 or higher.

Murray and Harvey reported that brains of individuals with
autism have also been shown morphological hippocampal
abnormalities [27]. This study suggests that prenatal, perinatal
and neonatal conditions associated with fetal hypoxia are
likely to be heterogeneous in origin and may include
premature birth, asphyxia, hypoxic-ischemic encephalopathy,
and pathologic jaundice. Early detection of brain structural
alterations may allow the early identification and intervention
of children at risk of ASD [28].

4.5. Strength and Limits

The major strength of this study is the use of representative
sample of Chinese children aged 18 to 36 months, which has
provided the opportunity to provide a true prevalence value of
Chinese children with relatively homogenous genetic and
lifestyle backgrounds. Also, a standard pediatrician training
procedure was performed at each site of the local hospitals and
the Hubei Maternity and Child Health Care Hospital to ensure
the appropriate use of screen and diagnostic tools for ASD.
Certainly, several limits of this study need to be acknowledged.
First, the relatively small sample size of ASD cases,
comparing to the huge population in China, has limited our
ability to fully address sex and geography-specific differences.
Secondly, lack of biomarker and genetic information on ASD
cases has hindered understanding of ASD etiology or
gender-different prevalence from the perspective of

mechanism. Thirdly, due to lack of complete and accurate data
on all potential confounders and plausible mediators, ASD
risk factors cannot be comprehensively evaluated in this study.
In addition, this is a cross-sectional study, which did not allow
us to infer any causal relationships between risk factors and
ASD development.

5. Conclusion

In conclusion, our screening study suggested an ASD
prevalence of 5.67% with approximately 4:1 of male: female
ratio based on a representative sample of 15,417 children 18 to
36 months living in Hubei, China. Clinical diagnosis further
narrowed down the prevalence rate of ASD to around 0.58%.
There is no significant difference in the ASD risk between
urban and rural regions. We also found that mothers or fathers
aged 35 years or older, preterm birth, and birth weight < 2.0 kg
were significantly and independently associated with risk of
ASD. For future studies, large, population-based birth cohorts
will be needed to allow for precise and detailed assessments of
exposures and potential confounders.
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