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Abstract

We estimated the prevalence of ASD in a population-based sample comprising children aged 3—12 years (N=74,252) in
Shanghai. This included a high-risk group sampled from special education schools and a low-risk group randomly sampled
from general schools. First, we asked parents and then teachers to complete the Social Communication Questionnaire for
participating children. Children who screened positive based on both parental and teachers’ reports were comprehensively
assessed. ASD was identified based on DSM-5 criteria. We identified 711 children as being at-risk for ASD, of which 203
were identified as ASD cases. The prevalence of ASD was 8.3 per 10,000, which is likely an underestimate, given that
81.6% of the children diagnosed with ASD had IQs below 40. This is the first report on the prevalence of ASD according

to DSM-5 in China.
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Introduction

Globally, the prevalence of ASD has been reported to be
increasing, especially in the past two decades (Keyes et al.
2012; Hertz-Picciotto and Delwiche 2009; Elsabbagh et al.
2012). The median worldwide prevalence of autism is cur-
rently about 1.0% (Elsabbagh et al. 2012; Lai et al. 2014).
This rapid increase has provoked scientific scrutiny and
public anxiety. The increase might be attributable to sev-
eral factors, including the use of different screening tools
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(Hedley et al. 2015; Rice et al. 2012), changes in epidemio-
logical screening methods and diagnostic criteria (Hansen
et al. 2015; Wheeler et al. 2015), and increased public
awareness. It is also possible that the number of individuals
afflicted with ASD is actually increasing. According to sev-
eral Chinese epidemiological studies (Sun et al. 2013), the
pooled prevalence of childhood autism in mainland China
was 11.8 per 10,000 children (95% confidence interval [CI]
8.2/10,000, 15.3/10,000). Few studies have addressed the
prevalence of childhood autism in Hong Kong and Taiwan.
A systematic review of the prevalence of ASD in mainland
China, Hong Kong, and Taiwan revealed the prevalence of
childhood autism in these areas was 26.6 per 10,000 children
(Sun et al. 2013). The increase in ASD prevalence is com-
monly attributed to changing diagnostic criteria for ASD
(Hansen et al. 2015). The latest manual for clinical diagnos-
tic criteria (Diagnostic and Statistical Manual of Mental Dis-
orders, Fifth Edition; DSM-5) was published in May, 2013.

ASD is a disorder that can restrict a range of social activi-
ties and interests. Urbanicity is associated with ASD; Lau-
ritsen et al. (2014) found a dose-response association with
greater level of urbanicity and increased risk of ASD in chil-
dren who moved to a higher level of urbanicity after birth.
While the global burden of autism is currently unknown, in
the US and UK, the annual social burden of ASD exceeds
several billion US dollars (Knapp et al. 2009; Ganz 2007).
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Individuals with ASD place a heavy demand on educational,
social, and medical services. Accurate prevalence estimates
are essential for planning such services. Shanghai is a met-
ropolitan city that differs from the rest of China. Therefore,
a program to prevent and control ASD was supported by the
Shanghai Municipal Enhancing Public Health 3-year Action
Program of Shanghai Municipal Health and Family Planning
Commission. This cross-sectional study aimed to estimate
the prevalence of ASD among children aged 3—12 years in
kindergartens and primary schools in Shanghai, China.

Methods

This study was approved by the Institutional Review Board
of Shanghai Municipal Commission of Health and Family
Planning.

Study Population and Sampling

We used multi-stage stratified cluster sampling to assess
children aged 3-12 years in kindergartens and primary
schools from the general population of Shanghai. There are
eight urban districts in the central area, and nine suburban
districts in suburban areas according to the geographical
and social population distribution in Shanghai. Children
living in urban and suburban districts were defined as urban
and suburban residents, respectively. The sampling method
has been described in our previous publication (Chen et al.
2016). Briefly, according to the sixth Chinese national
census conducted in 2010, there were about 1.05 million
children aged 3—12 years in Shanghai. First, we randomly
sampled three of the eight urban districts (Jing’an, Xuhui,
and Yangpu) and four of the nine suburban districts (Ming-
hang, Pudong, Fenxian, and Chongming) in Shanghai. We
investigated all children aged 3—12 years attending special
education schools in the selected districts, as this population
is generally considered to be at high-risk for ASD. Chinese
special educational schools include children with language,
hearing, limb, or cognitive disabilities. There is at least one
special school in each district in Shanghai, all of which are
public. we proportionally sampled children attending general
education schools, (excluding those in special education or
schools for hearing impaired-mute children) according to the
number of children aged 3—12 years in each selected district.
This means we randomly sampled a specific number of kin-
dergartens and primary schools from the complete school
list, regarding each school as a sampling unit.

Case Identification

In this study, ASD cases were identified using a three-
stage investigation (Fig. 1). Non-response was defined as

distributed questionnaires that were not returned and ques-
tionnaires with more than 30% missing questions. We did
not impute missing data as the sample size was sufficient. In
stage 1 (June 2014), we systematically screened the entire
sample. All of the children’s parents were asked to com-
plete the Social and Communication Questionnaire (SCQ).
This instrument has been standardized in Chinese (Gau et al.
2011; Berument et al. 1999). We entered data in July and
August, 2014. The SCQ was developed by Rutter and Lord
(Mulligan et al. 2009), and has 40 yes/no questions. It was
derived from the Autism Diagnostic Interview-Revised, and
developed as a screening tool for children with a high risk
for developmental problems. The SCQ is an operational
screening tool that is based on behavioral item scores in
three functional categories: reciprocal social interaction, lan-
guage and communication, and repetitive and stereotyped
patterns of behavior. A study by Berument and Rutter (Beru-
ment et al. 1999) identified the optimum cut-off score for the
SCQ as 15. We asked all parents of the sampled children to
complete the SCQ.

In stage 2 (September 2014), the teachers of children who
screened positive by their parents were asked to complete the
SCQ (current version) (Schanding et al. 2012). We consid-
ered children to be at high-risk of ASD if screening by both
parents and teachers was positive. From the children with
parents-screen positive and teacher-screen negative, we ran-
domly selected 3196 from two of seven districts (one urban
and one suburban district). These children were interviewed
by a professional developmental and behavioral pediatrician,
and we determined the false negative rate.

In stage 3 (October 2014), children who screened posi-
tive were referred to the Department of Development and
Behavior of Shanghai Children’s Medical Center. All
referred children underwent further evaluation and cogni-
tive tests including developmental evaluation: the GESELL
test for those aged 3—4 years, the Wechsler Preschool and
Primary Scale of Intelligence (WPPSI) test for those aged
4-6 years, and the Wechsler Intelligence Scale for Children-
Revised (WISC-R) for children aged 6-12 years. Children
and their parents were simultaneously interviewed using the
DSM-5 checklist by at least two experienced developmental
and behavioral pediatricians independently. The children’s
history with regard to pregnancy, birth, growth, and devel-
opment was obtained. Next, we checked the consistency
between the two pediatricians; if disagreement occurred, a
third experienced pediatrician was involved and all pediatri-
cians discussed the case until consensus was reached. Exten-
sive efforts were made to contact the parents of children who
screened positive and obtain consent for diagnostic evalua-
tions. Children whose parents did not provide consent were
classified as nonparticipants. Children were identified as
having ASD if they met the appropriate DSM-5 criteria. The
final diagnosis was made based on comprehensive clinical
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Fig. 1 ASD case identification
process and adjusted preva-

Target Population: 3- 12 Year old Children (N=84,934)
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tematically screened the entire
sample using the Social and

Special Education Schools Participants (N=859)

General Schools Participants (N=84,075)

Communication Questionnaire I
(SCQ) completed by parents;

Stage 1: Screening according to SCQ by Parents I

In stage 2, filled with the SCQ

then completed by teachers
for screen-positive children. In

85.5% Children’s Parents Responded (N=734) | | 87.4% Children’s Parents Responded (N=73,487)

stage 3, screen-positive children

were further evaluated and iden-
tified as having ASD if they met

42.1% SCQ Screened Positive Children (N=309)

5.2% SCQ Screened Positive Children (N= 3,811)

the relevant DSM-5 criteria |

I Stage 2: Screening according to SCQ by teachers I
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95.2% Teacher Responded (N=294)

| | 97.1% Teacher Responded (N=3,702)
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69.7% SCQ Screened
Positive Children (N=205)
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13.7% SCQ Screened
Positive Children (N=506)

Teacher-screened negative
children (N=3,196)

I Stage 3: Clinical Assessment according to DSM-5 I

!

(N=198)

96.6% Underwent Assessment

v v

Random Sampled 677 of 3,196
Children in 2 of 7 Districts

91.9% Underwent
Assessment (N=465)
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29 cases from 29,896 out of
234,413 Children from
Kindergarten in 7 Districts

11 cases from 54,089 out of
427,794 Children from
Primary School in 7 Districts

2 0of 657 ASD

cases identified

\4 A 4

82.3% ASD Cases
(163 of 731)

227 ASD Cases in Kindergarten
(29/29,986%*234,413=227)

87 ASD Cases in Primary School
(11/43,504*342,208=87)

A,

A l A 4

Prevalence of ASD was 8.3/10,000
= (163+227+87)/( 731+234,413+342,208)

False Negative Rate was 1.2/10,000
= (2/657*3,196)/81,076

judgments; the clinician observed and evaluated children
using the test of development and behavior. ASD cases had
to meet DSM-5 criteria.

Quality Assurance

In the first stage, all schools followed the same quality
assurance standards. For example, data for each child
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Integrated Prevalence 9.5/10,000

were encoded using the same rules, and all children were
screened anonymously. A random selection of 10.0%
questionnaire data was re-entered, with 96.1% agree-
ment. In the second stage, which included a review of
all screen-positive children, the agreement between two
developmental and behavioral pediatricians was 97.8%
based on a blinded independent assessment of the same
information. Participants were asked to reply “Yes” or
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“No” to each question. Questionnaires with fewer miss-
ing answers (<30%) were entered and total scores were
calculated. In these cases, a total score of more than 15
was considered positive.

Statistical Analysis

All analyses were conducted using SPSS version 22.0
(SPSS Corporation, Chicago, USA). All statistics, such
as proportions, percentages, and means were target popu-
lation estimates calculated by two-steps of inverse prob-
ability weighting to take into account selective attrition
in multistage sampling and SCQ screening strata, as well
as differential responses to the SCQ associated with dis-
trict, local residence, and sex (Baird et al. 2006). The
inverse probability weighting was implemented by Stata
13.0 (Stata Corporation, College Station, TX, USA). We
used Chi square tests to assess the association between
categorical variables. A p value < 0.05 was considered
statistically significant. In this study, all children from
special education schools were surveyed, whereas those
from general schools were randomly sampled from the
entire population. Therefore, we estimated the prevalence
of ASD among children aged 3—12 years in kindergartens
and primary schools using several procedures.

First, we counted ASD cases (N) among all general
schools in seven districts according to the ratio of the
number of ASD children who attended general schools
(N) and the total number of children selected from general
schools (N,). The calculation formula was:

N = (N1/N2) x N’

N’ is the total number of children in general schools in
seven districts.

Next, we calculated the prevalence of ASD among chil-
dren aged 3—12 years in kindergartens and primary schools
in the seven studied districts: we used the total number of
ASD cases in general schools plus the number of cases in
special educational schools as the numerator, and the total
number of children in general schools plus those in special
education schools as the denominator. We estimated the
95% CI using the formula:

p+1.96+/p(1 —p)/n

We considered the putative effects of imprecise esti-
mates in that the SCQ did not have a 100% response rate,
sensitivity, and specificity in this multistage survey. We
adjusted the prevalence with reference to the study by
Pantelis and Kennedy (Pantelis and Kennedy 2016). The
prevalence of ASD in boys and girls, urban and suburban
areas, and in different age groups was calculated using the
same method.

Results

In total, 81,282 (of 84,934) parents responded to our study,
giving a response rate of 95.7%. We excluded invalid ques-
tionnaires, such as those with an age outside the target
3-12 range (n=234) and those with more than 30% of
information missing (n=1750). There were 212 (0.28%)
participants with more than 30% missing data and 5046
participants (6.2%) whose answers were inconsistent.
Inconsistent responders responded “No” to the first ques-
tion: “Is she/he now able to talk using short phrases or
sentences?, but did not follow the skip pattern to go to
question 8. Despite answering “No” to the first item they
answered “Yes” to items 2—7, questions about talking in
phrases or sentences. These participants may not have
read carefully or fully understood the questions on the
SCQ. Alternatively, they may not have understood the time
frame for these questions, which would have impacted par-
ents of older children. Therefore, 74,252 children aged
3-12 years were included in our analysis; 734 children
(85.4% response rate) from special education schools and
73,487 children (87.4% response rate) from general kin-
dergartens and primary schools. The flow of participants
through the study is described in Fig. 1.

The sex, age group, registration, and district distribu-
tion of the sampled children are summarized in Table 1.
Among the 734 children from special educational schools,
472 (64.7%) were boys and 258 (35.3%) were girls. Addi-
tionally, 540 (78.4%) of these children were local resi-
dents, 149 (21.6%) were migrants; 173 (23.6%) attended
school in an urban area and 561 (76.4%) attended school in
a suburban area. Among the 73,487 children from general
education kindergartens and primary schools, 38,560 were
boys (53.1%) and 33,989 were girls (46.9%). Additionally,
44,566 children (63.4%) were local residents and 25,734
(36.5%) were migrants.

The sex, age group, registration, school, and district
distribution of the children whoscreened positive by both
parents and teachers are summarized in Table 2. For the
74,252 children whose parents completed the SCQ, 4121
children (309 from special education schools and 3811
from general schools) scored > 15 in the parent-rated
screen, which was considered positive. Analysis of the
teacher-completed SCQ for these 4121 children showed
that 711 scored > 15, and were considered to have a high
risk of ASD (SCQ screen positive by both parents and
teachers); the mean SCQ score from parents was 18.62 and
from teachers was 20.13. For 3196 children with parents-
screen positive and teacher-screen negative in 7 sampled
districts, we randomly selected 677 children from two of
seven districts (58 in Jin’an urban district and 619 in Min-
ghang suburban district). These children were interviewed

@ Springer



2438 Journal of Autism and Developmental Disorders (2018) 48:2434-2443

Table 1 Characteristics of

. ; Measurements Children in special edu-  Children in general schools  Total
children screened for autism cation schools (N=73,518) (N=74,252)
spectrum dlsord'er (ASD) in (N=734)
a target population of 74,252
children aged 3—12 years in N % N % N %
Shanghai
Sex
Boy 472 64.7 38,560 53.1 39,045 53.3
Girl 258 353 33,989 46.9 34,264 46.7
Age group (years)
34 8 1.2 2 33 2381 3.3
4-5 28 4.1 9518 13.2 9552 13.1
5-6 45 6.5 9960 13.8 10,011 13.8
6-7 60 8.7 9658 13.4 9719 13.4
7-8 71 10.3 9249 12.8 9328 12.8
8-9 124 18.0 9698 13.5 9829 13.5
9-10 114 16.5 8378 11.6 8494 11.7
10-11 125 18.1 7411 10.3 7536 10.4
11-12 115 16.7 5762 8.0 5877 8.1
Registration
Local residents 540 78.4 44,566 63.4 45,126 63.5
Migrants 149 21.6 25,734 36.5 25,892 36.5
District
Urban 173 23.6 15,735 214 15,908 214
Suburban 561 76.4 57,752 78.6 58,313 78.5

Table 2 Characteristics of children screened positive on the Social Communication Questionnaire (SCQ) completed by parents and teachers

Measurements Children screened positive of SCQ filled by parents Children screened positive of SCQ filled by teachers
Boys Girls Boys Girls
n N PR (%) n N PR (%) n N PR (%) n N PR (%)
Age group (y)
34 103 1244 8.28 50 1129 4.43 19 1244 1.53 4 1129 0.35
4-5 306 5021 6.09 110 4451 2.47 46 5021 0.92 18 4451 0.40
5-6 282 5272 5.35 104 4681 222 41 5272 0.78 10 4681 0.21
6-7 244 5060 4.82 127 4534 2.80 41 5060 0.81 14 4534 0.31
7-8 286 4945 5.78 138 4266 3.23 52 4945 1.05 21 4266 0.49
89 340 5126 6.63 183 4535 4.04 76 5126 1.48 30 4535 0.66
9-10 390 4499 8.67 187 3877 4.82 85 4499 1.89 22 3877 0.57
10-11 366 3987 9.18 190 3460 5.49 65 3987 1.63 25 3460 0.72
11-12 275 3092 8.89 153 2720 5.63 65 3092 2.10 25 2720 0.92
School
Special education school 225 472 47.67 82 258  31.78 152 472 32.20 52 258  20.23
General school 2491 38,560 6.46 1229 33,989 3.62 365 38,560 0.95 124 33,989 0.36
Registration
Local residents 1334 23,115 5.77 617 21,902 2.82 309 23,115 1.34 111 21,902 0.51
Migrants 1204 14,551 8.27 570 11,167 5.10 173 14,551 1.19 55 11,167 0.49
District
Urban 413 8314 4.97 169 7456 2.27 149 8314 1.79 42 7456 0.56
Suburban 2302 30,709 7.50 1142 25,648 4.45 365 30,709 1.19 124 25,648 0.48

PR positive rate
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by two professional developmental and behavioral pedia-
tricians, who identified two ASD cases, the false negative
rate was 1.2/10,000.

Of the 84,075 participants from general schools, 3811
children were screened positive by their parents (positive
rate 5.2%), whereas 309 of the 734 participants from special
education schools were screened positive by parents (posi-
tive rate 42.1%). Teachers screened 506 of 3613 children
from general schools (positive rate 14%), and 205 of 294
children in special education schools (positive rate 69.7%)
as positive (Fig. 1). Of these, 663 (93.2%) children under-
went diagnostic evaluation, and 203 were confirmed to have
ASD: 163 children (80.3%) from special education schools,
29 (14.3%) from general kindergartens, and 11 (5.4%) from
general primary schools. Among these 203 children, 20
were evaluated with the WPPSI and 127 were evaluated by
WISC-R. The results showed that 120 (81.6%) children had
an intelligence quotient (IQ) below 40, 16 (10.9%) from 40
to 70, and 11 (7.5%) equal to or greater than 70. Another
56 children could not perform the IQ evaluation because of
language impairment or uncontrollable behaviors.

Twenty-nine of the 29,986 children who were randomly
selected from 234,413 children in general kindergartens in
the seven studied districts were identified as having ASD.
Therefore, we estimated there were 227 children with ASD
in all general kindergartens in the seven districts. Simi-
larly, we estimated there were 87 children with ASD from

all general primary schools in the seven districts, meaning
the total estimated number of children with ASD in gen-
eral and special education schools in the seven districts
was 477. This gave a prevalence of ASD among children
aged 3—12 years in kindergartens and primary schools in
Shanghai of 8.3 per 10,000 children (95% CI 6.2/10,000,
10.4/10,000). Given a false negative rate of 1.2/10,000,
the integrated prevalence was 9.5/10,000 and the adjusted
prevalence was 7.58/10,000 (95% CI 6.87/10,000,
8.29/10,000). The process of detailed adjusted prevalence
calculation is shown in Fig. 1; 5.4 per 10,000 children
(95% CI 4.8/10,000, 6.0/10,000) in the general-popu-
lation and 2.23% (95% CI 19.3/10,000, 25.3/10,000) in
the high-probability population. The prevalence in boys
(12.7 per 10,000, 95% CI 11.4/10,000, 14.0/10,000) was
significantly higher than in girls (3.5 per 10,000, 95%
CI 2.8/10,000, 4.2/10,000), with a male to female ratio
of 3.6:1. The prevalence in urban and suburban areas
was 9.4/10,000 (95% CI 4.6/10,000, 14.2/10,000) and
7.9/10,000 (95% CI 5.6/10,000, 10.2/10,000), respectively.
Table 3 shows the prevalence of ASD in special education
and general schools, urban and suburban areas, and in dif-
ferent age groups. According to the inverse probability
weighting method, delivering a boy increased the average
prevalence of ASD by a statistically significant 0.124%,
a Shanghai local birth increased the average prevalence
of ASD by a statistically significant 0.12%, and urbanity
increased the average prevalence of ASD by 0.12%.

Table 3 Prevalence estimate

, . Measurements Number of cases Population Prevalence, per 10,000 (95%
of autlgm spectrurr} disorder cn
(ASD) in Shanghai
Boy Girl Boy/girl ratio Boy Girl Boy Girl Total

Population
Total population 157 46 34 38,703 33,994 12.7 3.5 8.3(6.2,10.4)
Special education school 124 39 3.2 463 257 - - 22.3(19.3, 25.3)
General school 33 7 47 38,560 33,989 856 2.06 5.4(4.8,6.0)

District
Urban 45 8 56 8314 7456 - - 9.4(4.6, 14.2)
Suburban 103 37 28 30,709 26,790 - - 7.9(5.6, 10.2)

Age (y)
34 6 1 60 1240 1124 - - 29.4(21.3,37.5)
4-5 17 4 43 5007 4445 - - 16.5(13.5, 19.6)
5-6 14 4 35 5248 4662 - - 6.54.7, 8.4)
67 12 2 6.0 5065 4537 - - 4.3(2.8,5.9)
7-8 15 5 3.0 4951 4273 - - 4.2(2.7,5.8)
8-9 22 10 22 5151 4551 - - 7.3(5.3,9.3)
9-10 20 5 40 4502 3877 - - 6.5(4.4,8.5)
10-11 17 6 28 3989 3460 - - 7.1(4.9,9.4)
11-12 22 5 44 3094 2721 - - 9.7(6.7, 12.7)

— Means data are not available
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Discussion
Prevalence Difference and Possible Reasons

Among Chinese children aged 3—12 years in kindergartens
and primary schools in Shanghai, the prevalence of ASD
was 8.3/10,000 (95% CI 6.2/10,000, 10.4/10,000), the
adjusted prevalence was 7.58/10,000 (95% CI 6.87/10,000,
8.29/10,000), and the male-to-female ratio was 3.6:1. Kin-
dergarten and primary school attendance age correspond
to 3—12 years in the Chinese education system, making it
practical and relatively easy to organize the survey in this
age range. Lord et al. reported that atypical autism is less
stable until around age 3 years (Lord et al. 2006). Under
Chinese education law, school attendance is free and com-
pulsory for children aged 6—15 years. Almost all children
go to kindergarten because primary school requires kinder-
garten experience; otherwise, new students cannot follow
up the competing study in primary school in Shanghai. In
our study, the prevalence of ASD in urban districts was
higher than in suburban districts, which may indicate more
awareness of or attention to the disorder, or that better/
more readily accessible diagnostic and medical services
are available in urban areas.

Our prevalence estimate was close to the pooled preva-
lence for childhood autism in mainland China (11.8 per
10,000, 95% CI 8.2/10,000, 15.3/10,000) (Sun et al. 2013),
but lower than that reported in a recent study in Beijing
(119 per 10,00, 95% CI 53/10,000, 265/10,000) (Sun et al.
2015). We structured our study with parents being the pri-
mary responders. Based on parents-screen positive results,
the corresponding teachers completed the SCQ for those
children and professional developmental and behavioral
pediatricians identified ASD cases according to DSM-5
criteria. We screened children using parent-completed
SCQ first because the SCQ has been well-validated as a
parents-report screen in several studies among children
aged 2—16 years (Allen et al. 2007; Corsello et al. 2007,
Lee et al. 2007; Wiggins; et al. 2007; Chen et al. 2009;
Eaves et al. 2006; Johnson et al. 2011). The sensitivity
of the SCQ completed by parents (75.3%) was reported
to be higher than that of the SCQ completed by teach-
ers (60.0%) (Schanding et al. 2012). Teachers completed
the SCQ for 4121 children with a parent-rated SCQ > 15.
Of these 4121 children, only 711 had a teacher reported
SCQ > 15; parents and teachers’ screen-positive rate was
5.2 and 14.0% for general schools, and 42.1 and 69.7% for
special schools (Fig. 1). The screen-positive rate in special
schools in present study was higher than in other studies
(Barnard-Brak et al. 2016; Schanding et al. 2012). The
reason for low agreement between parents and teachers
may be diverse parental education levels that were lower
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than that of teachers, and some parents might not have
fully understood the questionnaire. Most Chinese fami-
lies only have one child, meaning they cannot compare
children in the family; however, teachers have opportunity
to observe and compare students in the same class. How-
ever, care must be taken in interpreting findings across
studies because there are considerable differences in the
methods used, sampling procures, and diagnostic crite-
ria among studies from South Thames, UK (Baird et al.
2006); Cambridge, UK (Baron-Cohen et al. 2009); Goy-
ang, South Korea (Kim et al. 2011); and Bergen, Nor-
way (Posserud et al. 2010). These studies screened for
ASD among a variety of populations including: children
with special educational needs, children who were on a
disability registry, children in elementary schools, and/
or children who were receiving treatment from local cli-
nicians. The prevalence of ASD of 1.81% reported in a
study from Japan (Kawamura et al. 2008) was based on
screening and advising parents to consult a doctor, with
diagnosis based on clinical interviews with the parents and
observation of the child. The prevalence of ASD estimated
by the US Autism Developmental Disabilities Monitoring
Network (Developmental Disabilities Monitoring Network
Surveillance Year Principal Investigators Centers for Dis-
ease Control Prevention, Prevalence of autism spectrum
disorder among children aged 8 years—autism and devel-
opmental disabilities monitoring network, 11 sites, United
States, 2010, 2014; Christensen et al. 2016a, b), was calcu-
lated based on a systematic retrospective review of 8-year-
old children, in which records from regions in 11 states
were examined. Therefore, the potential effect of differing
methodologies on prevalence estimations should not be
overlooked when comparing the results of different stud-
ies. Most studies on ASD have been conducted in Western
countries, and the prevalence of ASD in China is uncer-
tain. Although all children were screened anonymously
during our study, it is possible that some parents, fearing a
diagnosis, chose not to objectively report ASD symptoms
or not to participate in diagnostic evaluations. This might
have resulted in an underestimation of the prevalence of
ASD, because further investigation was based on parent-
rated screening. Parental lack of awareness about ASD
and failure to recognize symptoms is also likely to be a
factor, especially in cases of children who suffered from a
mild form of the disorder. Since we didn’t adjust for miss-
ing values in computer, the total score for questionnaires
with fewer missing answers (< 30%), it may have contrib-
uted to missing some true positive cases. According to the
results of IQ tests, more than 80% of the children had an
IQ below 40 (low functioning). This differs from recent
prevalence studies in Western countries, and was consid-
ered as a reason for the difference in prevalence between
our study and other prevalence research. A reason for this
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may be that the SCQ is not sufficiently sensitive to detect
high functioning (cognitively-able) cases; although a few
questions in the scale may capture these cases, they would
not be sufficient to achieve a cut-off score of 15. However,
we are not clear about how strong the impact of this was
on data in our research.

Preliminary studies have reported significant differences
in diagnostic yield using the DSM-IV and new DSM-5
criteria. Frazier and colleagues (Frazier et al. 2012) evalu-
ated the validity of DSM-5 criteria with respect to ASD
by analyzing the symptoms of 14,744 siblings (8911 ASD
and 5863 controls) enrolled in a national registry. They
concluded that the increased specificity of the DSM-5 rela-
tive to the DSM IV may reduce the rate of false positive
ASD diagnoses. Another study (Yang and Pan 2013) also
reported that the DSM-5 diagnostic criteria are stricter than
those in the DSM-IV, and stated that patients with autism
diagnosed using DMS-5 criteria tend to be more severely
affected. According to a systematic review and meta-analysis
(Kulage et al. 2014), the DSM-5 will likely decrease the
number of individuals diagnosed with ASD by 31%, par-
ticularly those in the PDD-NOS subgroup. Based on these
previous studies, it is possible that high-functioning cases
identified as having ASD according to the DSM-IV may not
be diagnosed with ASD according to DSM-5 criteria. The
prevalence of ASD in the Chinese population and Han race
differed from Western countries, and the reasons detailed
above might have contributed to the lower prevalence of
ASD in the present study.

Strengths and Limitations

To our knowledge, this is the first population-based preva-
lence study of ASD under the DSM-5 diagnostic criteria in
China. We designed several characteristics of the present
study with the intention of overcoming the limitations of
previous research, and aimed to provide the most accurate
prevalence estimate for ASD in China. First, the sample size
was sufficient to provide high precision; ours was the largest
epidemiological study of ASD using an active case ascer-
tainment design. Second, the children in our sample were
older than 3 years, which is the age at which ASD symptoms
usually become obvious or have caused significant func-
tional impairment. Third, prospective identification, rather
than use of retrospective case-review procedures, has been
shown to contribute to prevalence estimation. Additionally,
we screened all children in special educational schools, thus
ensuring a low percentage of possible missed cases of ASD.
Fourth, we used a careful diagnostic procedure. Ascertain-
ment by screening was followed by a diagnostic assessment,
with the goal of reaching a best-estimate clinical consensus
regarding the diagnosis based on combined parent report

information, information from school teachers, and direct
observation of the child.

A limitation of this study was that we only obtained infor-
mation from teachers about children who were screened
positive by their parents. For practical reasons, no random
selection was added from children for whom the SCQ had
been completed first by teachers, or completed by both par-
ents and teachers simultaneously. What’s more, a cut-off
score of SCQ less than 15 may be preferable. In addition,
follow-up of the ASD cohort is essential. We will consider
these points in our future study. Therefore, it is possible that
we missed cases among parental screen-negative children,
which might have resulted in an underestimation of the prev-
alence; however, we randomly selected two districts for 3196
parents-screen positive and teacher-screen negative children,
and found the false negative rate was 1.2/10,000. Addition-
ally, to clinically confirm the diagnosis of ASD, all partici-
pating developmental and behavioral pediatricians used the
DSM-5; however, the detection of ASD may vary in differ-
ent areas in terms of behavioral functioning during social
interactions, communication, and activities, which may not
be fully captured by the DSM-5. Specific scales such as the
Autism Diagnostic Observation Schedule (ADOS) and the
Autism Diagnostic Interview-Revised (ADI-R) may provide
key information to confirm the presence of ASD. However,
these scales are not widely available in mainland China and
are time consuming. Therefore, we did not use the ADOS or
ADI-R in the present large-scale cross-sectional study. We
will use the ADOS to confirm some ASD cases for future
research.

Conclusions and Implications

ASD is a lifelong developmental disability that has become
an important public issue in China. A sufficient number
of qualified pediatricians and child psychiatrists, effica-
cious screening tools, and diagnostic scales consistent with
international measurements are urgently needed to identify
patients with ASD. As individuals with ASD place a heavy
demand on educational, social, and medical services, our
estimation of the health burden is essential and will help
inform decisions on public health policy. Specific rehabili-
tation facilities should be established as soon as possible to
provide services for children with ASD.
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