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Abstract 

Background: Autism spectrum disorder (ASD) is a group of clinically heterogenic neurodevelopmental disorders, 
with intellectual disability being one of its common comorbidities. No large-sample, multicenter study has focused on 
the neurodevelopmental aspect of preschoolers with ASD. This study investigated the neurodevelopmental charac-
teristics of preschoolers with ASD in China and explored the association between them and the core symptoms.

Methods: We enrolled 1019 ASD preschoolers aged 2–7 years old from 13 cities around China between May 2018 
and December 2019, and used the revised Children Neuropsychological and Behavior Scale (CNBS-R2016) to assess 
their neurodevelopment. Their autistic core behaviors were evaluated based on their Social Responsiveness Scale 
(SRS), Autism Behavior Checklist (ABC), Child Autism Rating Scale (CARS), and communication warning behavior 
(CWB) scores in the CNBS-R2016.

Results: Based on general developmental quotient (GQ) < 70, 68.4% of the preschoolers with ASD had a develop-
mental delay (DD), rated mild in 32.7% of them. The highest DD rate (> 70%) was found in language and personal-
social skills, followed by fine motor skills (68.9%). Gross motor skills had the lowest DD rate (34.0%). We found that fine 
motor, language, and personal-social developmental quotients (DQs) were significantly lower than gross motor skills 
in no DD (GQ > 70), mild DD (GQ 55–69), and moderate and below DD groups (GQ ≤ 54). Furthermore, the DQs for 
language and personal-social skills were significantly lower than for gross and fine motor skills in both DD groups. The 
ABC, SRS, CARS, and CWB scores in the no DD group were the lowest, moderate in the mild DD group, and highest in 
the moderate and below DD group. Besides, negative correlations were found between the DQs of the four domains 
and the ABC, SRS, CARS, and CWB scores, of which the language and personal-social skills DQs had the strongest 
correlations.
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Background
Autism spectrum disorder (ASD) is a group of neurode-
velopmental disorders characterized by social commu-
nication deficits, restricted interest in the surroundings, 
and stereotyped repetitive behaviors [1]. The reported 
ASD prevalence in the US was 2.3% in 8-year-old chil-
dren in 2018 [2]. A National Surveys in China from 
2013 found a prevalence of about 0.7% in children aged 
6–12 years [3]. Such high prevalence rates attracted 
worldwide attention. Many individuals with ASD have 
accompanying comorbidities such as intellectual disabil-
ity (ID), attention deficit hyperactivity disorder (ADHD), 
and physical conditions [4]. ID is common and important 
among children with ASD. In the US, 35.2% of the 8-year-
old children with ASD had intelligence quotient (IQ) 
scores of 70 or lower, and 23.1% had borderline scores 
[2]. The Diagnostic and Statistical Manuel of Mental Dis-
orders, Fifth Edition (DSM-5) stated that the IQ subitems 
of individuals with ASD and ID are unbalanced. Unlike 
their nonverbal skills, their social communication and 
interaction skills (e.g., nonverbal problem solving, fine 
motor skills) are significantly impaired [5].

ID may adversely affect the social interaction and 
behavior of individuals with autism. The greatest dif-
ficulty of children with ASD and ID is in developing 
social competence [6]. Lower intelligence is also related 
to lower adaptive function [7]. Furthermore, differences 
in IQ might stand behind the variations in ADHD in 
children with ASD. The severity of attention deficit and 
impulsivity might be related to the IQ level more than to 
the autism severity [8]. Moreover, low intelligence levels 
of children with ASD could negatively affect their long-
term prognosis. Only about a quarter of the individuals 
with autism and an average intelligence level live inde-
pendently in the US, while the rest remain with their 
families to late adulthood or beyond [9]. Premature mor-
tality in individuals with ASD and ID is higher than those 
without ID [10, 11]. Therefore, low cognition function 
affects ASD symptoms and reduces the quality of life of 
these individuals. These associations highlight the sever-
ity of the cooccurrence of ID and ASD.

Early childhood is characterized by brain plastic-
ity and neurodevelopmental instability. When an 

individual under the age of 5 years fails to meet the 
expected intellectual function developmental mile-
stones, a global developmental delay (DD) will be 
diagnosed rather than ID [5]. Neurodevelopment or 
intelligence level evaluation is important for early 
ASD detection, accurate diagnosis, and precise inter-
vention. Autistic symptoms usually appear around 
the age of 12–24 months but might be detected ear-
lier in severe DD cases or later in mild ones [5]. It was 
reported that children with ASD and IQ ≤ 70 were 
more likely to be diagnosed by the age of three than 
those with IQ > 70 [2]. Hence, evaluation of the neu-
rodevelopmental level of children at an early age could 
help identify and accurately diagnose ASD. Addition-
ally, cognitive delays in children with ASD could lead 
them to develop greater deficits in adaptive function-
ing, social skills, and disruptive behavior and show 
limited neurodevelopmental progress, even following 
rigorous intervention [12, 13]. These findings sug-
gested that such children require more intensive or 
adaptive interventions as they might respond poorly 
to the standard ASD-specific ones. Therefore, earlier 
developmental assessment in children with ASD would 
help design appropriate interventions earlier. Pierce 
Karen et  al. reported that 84% of toddlers diagnosed 
with ASD at their first visit retained this diagnosis at 
the age of 3–4 years [14]. Besides, most children diag-
nosed with poor-functioning ASD (96%) had ASD at 
follow-up [15]. This suggests that pediatricians spe-
cializing in neurodevelopmental behavior can diag-
nose ASD at a young age.

To date, no multi-center large-scale study analyzed 
the characteristics of preschool children with ASD 
and ID or the association between their neurodevel-
opmental levels and core symptoms in China. Hence, 
we conducted this large-scale, multi-center cross-sec-
tional study. We aimed to investigate the distribution 
of neurodevelopmental characteristics in preschool 
children with ASD in China and explore the relation-
ship between their neurodevelopmental levels and core 
symptoms. Our study could improve our understanding 
of these features in this young population and provide a 
useful reference for early identification, diagnosis, and 
accurate intervention in ASD.

Conclusions: Preschoolers with ASD had unbalanced neurodevelopment domain patterns and their neurodevel-
opmental levels were negatively correlated with the autism core symptoms. Hence, pediatricians should actively 
evaluate the neurodevelopment of children with ASD and conduct long-term follow-up during their early childhood 
to promote early diagnosis and develop personalized intervention plans.

Trial registration: ChiCT R2000 031194, registered on 03/23/2020.
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Methods
Study population
This study is part of the China Multi-Center Pre-
school Autism Project (CMPAP) [16]. Participants were 
recruited between May 2018 and December 2019 from 
13 cities around China. Details about the participat-
ing centers and the subject enrollment process are pre-
sented in Fig.  1. The study enrolled 1538 children with 
ASD from outpatient clinics and special education insti-
tutions. After excluding 93 children outside the inclu-
sion age range (2–7 years) and 426 due to missing data 
or assessment by the Gesell Developmental Schedules 
(GDS) instead of the Children Neuropsychological and 
Behavior Scale-Revision 2016 (CNBS-R2016), the study 
included 1019 children with ASD. A psychologist and 
a pediatrician with expertise in neurodevelopmental 
behavior diagnosed ASD in the enrolled children at each 
of the participating centers following the criteria of Diag-
nostic and Statistical Manual of Mental Disorders, 5th 
Edition (DSM-5) [5].

Participation was voluntary, and the primary caregiver 
of all participants signed informed consent forms. The 
Ethics Committee of the Children’s Hospital of Chong-
qing Medical University approved the study [Number: 
(2018) IRB (STUDY) NO. 121], and the study was reg-
istered in the Chinese Clinical Trial Registry (ChiCTR; 
Registration number: ChiCTR2000031194).

Neurodevelopment and core symptom assessment 
in preschool children with ASD
The caregivers of the participants completed a ques-
tionnaire that included the name, age, sex, and eth-
nicity of the patient, and parental education status. 
The ASD symptoms were evaluated using the Autism 
Behavior Checklist (ABC), Social Responsiveness 
Scale (SRS), and Childhood Autism Rating Scale 
(CARS). The ABC assesses autism-related behavioral 
problems using five subscales: sensory, relating, ste-
reotypic behavior, language, and social independence, 
with the score for normal children < 53 points [17]. 
The SRS uses five subscales to assess autism-related 
social impairment: social awareness, communication, 
and motivation, and autistic mannerisms. Typically-
developing children score < 65 points [18]. The CARS 
is a developmental pediatrician observation scale that 
assesses autism symptom severity. It has 15 items, each 
rated on a four-point scale. Children with mild-to-
moderate autism score 30–36 points, and those with 
severe autism score over 36 points [17]. The CNBS-
R2016 assessed the neurodevelopment of the children. 
It was developed by the Capital Institute of Pediatrics, 
China, as a diagnostic and evaluation tool to assess the 
neurodevelopmental level and autism symptoms. The 
six subscales of CNBS-R2016 are gross motor, fine 
motor, adaptive behavior, personal-social, language, 

Fig. 1 Flowchart of the participant recruitment process in this multi-center study in China. ASD, autism spectrum disorder; CNBS-R2016, Children 
Neuropsychological and Behavior Scale-Revision 2016
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and communication warning behavior (CWB), which 
indicates the risk of the impaired social communica-
tion often reported in autism. A score under seven 
points in the communication warning behavior sub-
scale indicates normal development, a score of 7–12 
points suggests that follow-up is called for, a score of 
12–30 points suggest the possible presence of a com-
munication and interaction disorder, and a score 
higher than 30 points suggests a possible diagnosis 
of ASD. DD was determined when the general devel-
opmental quotient (GQ) and subscale developmental 
quotients (DQs) of Gross Motor,Fine Motor,Language 
and Personal-Social domains were under 70 points 
[under two standard deviations (SDs)]. The DD level 
can be mild (GQ, 55–69) or moderate and below 
(GQ ≤ 54) [19]. Assessment of the development of chil-
dren with ASD by the CNBS-R2016 and Griffiths Men-
tal Development Scales-Chinese (GDS-C) was shown 
to be consistent [19]. The number of valid assessments 
by the ABC, SRS, CARS, and CNBS-R2016 were 977, 
883, 891, and 1019, respectively.

Statistical analysis
The Shapiro–Wilk test was used to assess data nor-
mality. Continuous variables are presented as 
means ± standard deviations (M ± SD). Categorical 
variables are presented as counts (%) and were com-
pared using the chi-squared test, followed by the Bon-
ferroni correction for multiple comparisons. Missing 
values in the ABC, SRS, and CARS scores were substi-
tuted by multiple imputation. The DQs in the CNBS-
R2016, ABC, SRS and CARS had skewed distribution, 
so the Kruskal-Wallis test compared the data, and the 
results are presented as medians and interquartile 
ranges (IQRs). Spearman’s rank correlation coefficient 
explored the association between the neurodevel-
opmental levels and core symptoms in children with 
ASD. Statistical analysis was performed using the IBM 
SPSS Statistics for Windows, Version 19.0 (IBM Corp., 
Armonk, NY, USA). Figures were generated using the 
GraphPad Prism software, Version 8.0.2.263 (GraphPad 
Software, San Diego, CA, USA). A p-value < 0.05 was 
considered statistically significant.

Results
Participant characteristics
The participant characteristics are presented in Table 1. 
Of the enrolled 1019 preschoolers with ASD, 835 were 
boys and 184 girls (male-to-female ratio, 4.54:1) at a 
mean age of 4.12 (2.00–6.98) years. Of these children, 
93.2% were of the Han ethnicity and the remaining 6.8% 
of other ethnicities. Parental education levels included 

high school or below (48.0% of mothers and 42.3% of 
fathers) and college or above (52.0% of mothers and 
57.7% of fathers) (Table 1).

Prevalence of DD among children with ASD
A GQ under 70 indicates DD. Among the participating 
children, 322 (31.6%) were at a normal neurodevelop-
mental level (GQ ≥ 70), and 697 (68.4%) showed DD 
(GQ < 70). Of these, the DD of 333 (32.7%) was mild 
(GQ, 55–69), and it was moderate (GQ, 40–54) in 269 
(26.4%), and severe and extremely severe (GQ ≤ 39) in 
95 (9.3%). Overall, the prevalence of DD in our cohort 
was 68.4%, of which most (32.7%) showed mild DD 
(Table 2).

Uneven or unbalanced neurodevelopmental domains 
in children with ASD
The DD in gross motor, fine motor, language, and per-
sonal-social skills in children with ASD are shown 
in Table  3. The highest DD rates were in language 
(73.7%) and personal-social (77.0%) skills, followed 
by fine motor (68.9%) and gross motor (34.0%) skills 

Table 1 Participant characteristics (n = 1019)

ASD autism spectrum disorder; SD standard deviation

Characteristic ASD

Age (years), mean ± SD (range) 4.12 ± 1.17 (2 ~ 6.98)

Sex, n (%)

 Male 835(81.9)

 Female 184(18.1)

Ethnicity, n (%)

 Han 950(93.2)

 Others 69(6.8)

Maternal education level, n (%)

 High school or below 489(48.0)

 College or above 530(52.0)

Paternal education level, n (%)

 High school or less 431(42.3)

 College or above 588(57.7)

Table 2 Prevalence of intellectual developmental delay among 
children with ASD

ASD autism spectrum disorder; GQ general quotient

Level of neurodevelopment n Rate(%)

Normal (GQ ≥ 70) 322 31.6%

Developmental delay (GQ < 70) 697 68.4%

Mild delay (GQ, 55–69) 333 32.7%

Moderate delay (GQ, 40–54) 269 26.4%

Severe delay (GQ ≤ 39) 95 9.3%
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(respectively, p < 0.001). The DQ of the gross motor skill 
(median, 79) was the highest, followed by fine motor 
(median, 60), personal-social (median, 54), and language 
(median, 49) skills (respectively, p < 0.001). The DQ of the 
fine motor skills was significantly higher than of the lan-
guage and personal-social skills (respectively, p < 0.001).

We divided the participants into three subgroups based 
on their GQ: no DD, mild DD, and moderate and below 
DD. As can be noted from Table 4, the groups showed a 
similar trend, with the highest DQ in gross motor skills, 
followed by fine motor, language, and personal-social 
skills. The DQ of the fine motor skill was statistically sim-
ilar to the language and personal-social skills in the no 
DD group (p = 0.14, 1.00, respectively) but significantly 
higher in the other two groups (p < 0.001). These find-
ings indicate that the neurodevelopmental level struc-
ture in preschool children with ASD is uneven regardless 
of whether they had DD or not. Besides, language and 
personal-social skill development was most affected, 

especially in those with DD, followed by fine motor skills. 
Gross motor development was the least affected.

Associations between neurodevelopment quotients 
and core symptoms in preschool children with ASD
To explore the associations between the neurodevelop-
ment levels and core symptoms in children with ASD, 
we compared the ABC, SRS, CARS, and CWB scores in 
the CNBS-R2016 of the no DD, mild DD, and moderate 
and below DD groups. We found that the moderate and 
below DD group had the highest ABC, SRS, CARS, and 
CWB scores, followed by the mild DD and no DD groups 
(Table 5).

Spearman’s rank correlation coefficient (rs) analyzed 
the associations between the neurodevelopment quo-
tients of the four subscales (gross motor, fine motor, 
language, and personal-social) and the ABC, SRS, 
CARS, and CWB scores, shown as a correlation heat 
map in Fig. 2. Orange in the heat map indicates positive 
correlation, and yellow indicates negative correlation. 
It can be seen from the heat map that all development 
levels were negatively correlated with the scores in all 
scales but were mutually positively correlated among 
them. The correlations between the DQ of the four 
neurodevelopmental levels and the scores in the four 
scales (all p < 0.01) included language  (rsABC = − 0.286, 
 rsSRS = − 0.262,  rsCARS = − 0.448, and  rsCWB = − 0.281) 
and personal-social  (rsABC = − 0.293,  rsSRS = − 0.313, 
 rsCARS = − 0.464, and  rsCWB = − 0.346) as the 
strongest, followed by fine motor  (rsABC = − 0.234, 
 rsSRS = − 0.217,  rsCARS = − 0.411, and  rsCWB = − 0.262) 
and gross motor  (rsABC = − 0.164,  rsSRS = − 0.183, 
 rsCARS = − 0.365, and  rsCWB = − 0.236). These results 
suggest that the lower the neurodevelopmental level 
the children with ASD had, the more severe the autism 
core symptoms were. The neurodevelopmental levels 

Table 3 DQ characteristics in the four developmental subscales

a  = statistical difference when compared with gross motor DQ(p < 0.001); 
b = statistical difference when compared with fine motor DQ(p < 0.001); 
c = statistical difference when compared with language DQ(p < 0.001); 
* = statistical difference when compared with gross motor DQ(p < 0.001); 
# = statistical difference when compared with fine motor DQ(p < 0.001)

Categorical variables were compared using the chi-squared test followed 
by Bonferroni correction for multiple comparisons. Due to their skewed 
distribution, the four developmental subscales were compared by the Kruskal-
Wallis test

DQ developmental quotient; IQR interquartile range

Skill item DQ [Median (IQR)] DQ ≥ 70 [n(%)] DQ < 70 [n(%)]

Gross motor 79 (64,92) 673(66.0%) 346(34.0%)

Fine motor 60 (47,74)a 317(31.1%)* 702(68.9%)*

Language 49 (33,71)ab 268(26.3%)* 751(73.7%)*

Personal-social 54 (42,68)abc 234(23.0%)*# 785(77.0%)*#

H/χ2 695.723 523.089

p-value < 0.0001 < 0.0001

Table 4 DQ characteristics in children with ASD with and without DD

a  = statistical difference when compared with gross motor DQ (p < 0.001); b = statistical difference when compared with fine motor DQ(p < 0.001); c = statistical 
difference when compared with language DQ(p < 0.001)

Due to their skewed distribution, the four developmental subscales were compared by the Kruskal-Wallis test

DQ developmental quotient; ASD autism spectrum disorder; DD developmental delay; IQR interquartile range

Item No DD 
[Median (IQR)]
(n = 322)

Mild DD 
[Median (IQR)]
(n = 333)

Moderate and below DD 
[Median (IQR)]
(n = 364)

Gross motor 96 (87,106) 79 (69,88) 61 (52,72)

Fine motor 79.5 (70,91)a 61 (54,68)a 44 (35.25,51)a

Language 83 (68,96)a 51 (40,60)ab 30 (23,38.75)ab

Personal-social 76 (65.75,87.25)ac 54 (49,61)abc 38 (32,45)abc

H 211.983 565.304 630.603

p-value < 0.001 < 0.001 < 0.001



Page 6 of 9Zhang et al. BMC Psychiatry          (2022) 22:393 

appear to be most strongly associated with the CARS 
scores.

Discussion
ASD clinical heterogeneity is considerable, and it often 
co-exists with other diseases such as ID, which can 
adversely affect the symptoms, quality of life, and prog-
nosis. However, few large-scale studies explored the neu-
rodevelopmental characteristics of preschool children 
with ASD. This study investigated the characteristics of 
the neurodevelopmental domains and the association 

between them and autistic symptoms in preschool chil-
dren with ASD.

Intellectual status assessment in children with ASD 
is critical. For example, the DSM-5 requires clarify-
ing if ASD is associated with ID [5]. The prevalence of 
ID in individuals with ASD varied greatly among stud-
ies. A large-sample study from 2003 showed that 68% of 
the 3–10-year-old children with ASD had ID [20]. Baird 
et  al. reported that 55% of the 9–10-year-old children 
with ASD had IQ < 70 and that the highest prevalence of 
ID (73%) was associated with narrow autism [21]. Watfa 
et al. showed that the IQ of individuals with ASD had a 
U-shaped association with age, with prevalence of ASD in 
combination with ID at 56, 76, and 56% in children aged 
3–5, 6–8, and 9–13 years, respectively [22]. In the US, 
among 8-year-old children with ASD, 35.2% were classi-
fied as having ID, and 23.1% as being in the borderline 
range [2]. Among the 2–7-year-old children with ASD 
in our study, more than half (68.1%) had DD (GQ < 70), 
mild in 32.6%, moderate in 26.2%, and severe in 9.2%. 
The rate of ASD with DD in our study was relatively high. 
This could be attributed to the special education institu-
tions and outpatient clinics acting as the sources of our 
study participants. Some mild cases tend to go to regular 
schools and, therefore, were not investigated. Therefore, 
our sampling framework tended to be dominated by indi-
viduals with low IQ. Future research should cover chil-
dren with ASD from all possible sources. Although some 
preschool children with ASD and mild to moderate ID 
can gradually improve in their neurodevelopmental level 

Table 5 Comparison of the ABC, SRS, CARS, CWB scores in ASD 
children with various neurodevelopmental levels

* = statistical difference when compared vs. children with ASD of normal 
neurodevelopmental level (p < 0.001); # = statistical difference when compared 
vs. children with ASD and a mild developmental delay (p < 0.001)

The distributions of the ABC, CARS, SRS, and CWB scores in the three groups 
were skewed, so the Kruskal-Wallis test was used

ABC Autism Behavior Checklist; SRS Social Responsiveness Scale; CARS 
Childhood Autism Rating Scale; CWB Communication warning behavior; ASD 
autism spectrum disorder; DD developmental delay

No DD
(n = 322)

Mild DD
(n = 333)

Moderate 
and below 
DD
(n = 364)

H/F p-value

ABC 39 (25,55) 50 (37,66.5)* 59 (40,71)*# 378.839 < 0.001

SRS 81 (65,97) 93 (78,109.2) * 96 (82,112)*# 360.469 < 0.001

CARS 28 (25,32) 33 (29,37)* 35 (31,41)*# 972.986 < 0.001

CWB 33 (17,49) 42 (28,58)* 52 (34,66)*# 401.315 < 0.001

Fig. 2 Heat map showing the correlation between four developmental subscales and core symptoms in ASD children. **p < 0.01
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with age [23], they could be classified as having DD when 
young. The rate of DD in our study was relatively high 
because we focused on preschool children.

Many studies have consistently shown that ASD was 
associated with an irregular intellectual profile. It scored 
high on the Perceptual Reasoning Index and low on the 
Verbal Comprehension Index, Working Memory Index, 
and Processing Speed Index [24, 25]. In general, the non-
verbal IQ of children with ASD was higher than their ver-
bal IQ [26, 27]. We also found uneven neurodevelopment 
domains in the preschool children with ASD. Language 
and personal-social skills showed high rates of DD, fol-
lowed by fine motor and gross motor skills. We subdi-
vided the children based on their GQ into no DD, mild 
DD, and moderate and below DD groups and found that 
the fine motor, language, and personal-social develop-
mental skills were significantly lower than gross motor 
in all three groups. Furthermore, the fine motor skill was 
statistically similar to the language and personal-social 
skills in the no DD group but significantly higher in the 
other two groups. These findings suggest that language 
and personal-social development impairment were most 
prominent among children with low-functioning ASD. 
Our results are consistent with the differential diagnosis 
of ASD in individuals with ID stated in the DSM-5: “A 
diagnosis of ASD in an individual with ID is appropriate 
when social communication and interaction are signifi-
cantly impaired relative to the developmental level of the 
individual’s nonverbal skills (e.g., fine motor skills, non-
verbal problem solving)” [5].

The ABC, SRS, CARS, and CWB scores in the no DD 
group in our study were the lowest, followed by mild 
DD and moderate and below DD. This was consistent 
with reports showing that individuals with ASD and 
low mental age exhibit more severe symptoms than the 
children with ASD and high mental age [15, 28]. Hinne-
busch et al. reported that children with low-functioning 
ASD maintained their diagnosis and showed more severe 
symptoms and lower neurodevelopmental progress than 
the children with ASD [15]. Therefore, clinicians should 
strive to make an early and accurate diagnosis of these 
children to initiate early intervention. Correlation analy-
sis showed that the DQ values of the four neurodevel-
opmental domains were negatively correlated with the 
ABC, SRS, CARS, and CWB scores, of which language 
and personal-social skills showed the strongest correla-
tions. Similarly, a study of 222 5-year-old children with 
pervasive developmental disorders showed that the lan-
guage skill level was positively correlated with psycho-
logical development and symptom intensity. The more 
severe the symptoms in children with ASD, the more 
apparent was their neurodevelopmental delay, and the 
more serious their language problems were [29]. Bennett 

et  al. have demonstrated that children with ASD and 
language impairment were significantly more socially 
impaired than those with ASD alone [6]. Some stud-
ies have indicated that the motor skills of children with 
ASD were related to their social skills and that children 
with ASD and lower social and communication functions 
showed more significant impairments in their dexter-
ity and fine motor skills. Similar to previous studies, our 
study found that the four neurodevelopmental domains 
were mutually positively correlated. LeBarton and Landa 
reported that early delay in motor skill development 
might be related to a delay in language skill development 
[30, 31]. Besides, it was shown that the fine motor skills 
in six-month-old infants could predict the results of their 
expressive language when they reach the age of 3 years 
[32]. As a whole, our study showed a negative association 
between the neurodevelopmental level of children with 
ASD and their autism symptoms, with a mutual associa-
tion among the neurodevelopmental domains. Therefore, 
an early and comprehensive developmental evaluation 
in children with ASD is of great importance, as it could 
help develop personalized intervention plans for these 
children.

Our study had several limitations. First, our partici-
pants came from special education institutions and out-
patient clinics, restricting our ability to enroll children 
with ASD in the entire DQ spectrum. Therefore, the rate 
of ASD with DD in this study was relatively high. Second, 
this was a cross-sectional study; therefore, we cannot 
indicate how the DQ and core symptom profiles changed 
through childhood.

Conclusion
DD was detected in 68.4% of the participating pre-
school children with ASD, showing an uneven pattern 
in the neurodevelopment domains. The DD in the lan-
guage and personal-social skills were the worst, fol-
lowed by fine motor, with gross motor being the least 
affected skill. The neurodevelopmental levels were neg-
atively associated with core autism symptoms, of which 
language and personal-social skills had the strongest 
correlations. These results suggest that a comprehen-
sive neurodevelopmental level assessment should be 
part of the regular evaluation process of patients with 
ASD visiting the clinic, and long-term follow-up should 
be enacted. These could promote early diagnosis and 
intervention and help develop personalized interven-
tion plans for children with ASD.

Abbreviations
ASD: Autism spectrum disorder; CNBS-R2016: the revised Children Neuropsy-
chological and Behavior Scale; SRS: Social Responsiveness Scale; ABC: Autism 
Behavior Checklist; CARS: Child Autism Rating Scale; CWB: Communication 



Page 8 of 9Zhang et al. BMC Psychiatry          (2022) 22:393 

warning behavior; GQ: General quotient; DQ: Developmental quotient; DD: 
Developmental delay; ID: Intellectual disability; ADHD: Attention deficit 
hyperactivity disorder; IQ: Intelligence quotient; DSM-5: The Diagnostic and 
Statistical Manuel of Mental Disorders, Fifth Edition; CMPAP: The China Multi-
Center Preschool Autism Project; GDS: The Gesell Developmental Schedules; 
IQRs: Interquartile ranges;rs:rank correlation coefficient.

Acknowledgments
We sincerely acknowledge all of the families and children who participated 
in the survey. For data collection, we would like to thank the managers and 
members for their assistance at all the participated centers.

Authors’ contributions
Qian Zhang, Qiu Li, Ting Yang, Li Chen, Ying Dai, and Hua Wei conducted the 
data. Qian Zhang and Ke Wang completed the data processing and analysis. 
Qian Zhang, Qiu Li, Jie Chen and Tingyu Li drafted and revised the manuscript. 
Tingyu Li, Jie Chen and Ting Yang were involved in designing the research, 
writing the research protocols and supervising subjects’recruitment. Feiyong 
Jia, Lijie Wu, Yan Hao, Ling Li, Jie Zhang, Xiaoyan Ke, Mingji Yi, Qi Hong, 
Jinjin Chen, Shuanfeng Fang, Yichao Wang, Qi Wang, and Chunhua Jin were 
engaged in questionnaire surveys, data collection, and revision of the paper. 
All authors contributed to the article and approved the submitted version.

Authors’ information
Qian Zhang, Li Chen, Ying Dai, Hua Wei, and Tingyu Li are clinical pediatricians 
at the Department of Child Health Care, Children’s Hospital of Chongqing 
Medical University. Qiu Li is a PH.D. candidates studying at the Department of 
Child Health Care, Children’s Hospital of Chongqing Medical University. Ting 
Yang and Jie Chen are laboratory workers in National Clinical Research Center 
for Child Health and Disorders, Ministry of Education Key Laboratory of Child 
Development and Disorders, Chongqing Key Laboratory of Child Health and 
Nutrition,Children’s Hospital of Chongqing Medical University. Ke Wang is a 
member in Children’s Medical Big Data Intelligent Application Chongqing Uni-
versity Engineering Research Center, Children’s Hospital of Chongqing Medical 
University. Feiyong Jia, Lijie Wu, Yan Hao, Ling Li, Jie Zhang, Xiaoyan Ke, Mingji 
Yi, Qi Hong, Jinjin Chen, Shuanfeng Fang, Yichao Wang, Qi Wang, and Chun-
hua Jin are managers respectively at the Department of Developmental and 
Behavioral Pediatric, The First Hospital of Jilin University; at the Department 
of Children’s and Adolescent Health, Public Health College of Harbin Medical 
University, Harbin; at the Department of Pediatrics, Tongji Hospital, Tongji 
Medical College, Huazhong University of Science and Technology, Wuhan; 
at the Department of Children Rehabilitation, Hainan Women and Children’s 
Medical Center, Haikou; int Xi’an Children’s Hospital; in the Child Mental Health 
Research Center of Nanjing Brain Hospital, Nanjing; at the Department of Child 
Health Care, The Affiliated Hospital of Qingdao University, Qingdao; in the 
Maternal and Child Health Hospital of Baoan, Shenzhen; at the Department of 
Child Healthcare, Shanghai Children’s Hospital, Shanghai Jiao Tong University, 
Shanghai; in the Children’s Hospital Affiliated to Zhengzhou University, Zheng-
zhou; in the NHC Key Laboratory of Birth Defect for Research and Prevention, 
Hunan Provincial Maternal and Child Health Care Hospital, Changsha; in the 
Deyang Maternity & Child Healthcare Hospital; at the Department of Children 
Health Care, Capital Institute of Pediatrics.

Funding
This work was supported by the National Natural Science Foundation of China 
(No. 81771223, 81770526), the Guangzhou Key Project in “Early diagnosis and 
treatment of autism spectrum disorders” (202007030002),and the Guangdong 
Key Project in “Development of new tools for diagnosis and treatment of 
Autism” (2018B030335001).

Availability of data and materials
Datasets generated during the current study are not publically available due 
to ethical restrictions but are available from the corresponding author on 
reasonable request.

Declarations

Ethics approval and consent to participate
The study was approved by the ethics committee of the Children’s Hospital 
of Chongqing Medical University, Approval Number: (2018) IRB (STUDY) NO. 

121, and registered in the Chinese Clinical Trial Registry (Registration number: 
ChiCTR2000031194). All methods were performed in accordance with the 
relevant guidelines and regulations. Written informed consent to participate 
in this study was provided by the participants’parents,legal guardians or next 
of kin.

Consent for publication
Not applicable.

Competing interests
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.

Author details
1 Department of Child Health Care, Children’s Hospital of Chongqing Medical 
University, National Clinical Research Center for Child Health and Disorders, 
Ministry of Education Key Laboratory of Child Development and Disorders, 
Chongqing Key Laboratory of Child Health and Nutrition, Chongqing 400014, 
China. 2 Children’s Medical Big Data Intelligent Application Chongqing 
University Engineering Research Center, Children’s Hospital of Chongqing 
Medical University, Chongqing 400014, China. 3 Department of Devel-
opmental and Behavioral Pediatric, The First Hospital of Jilin University, 
Changchun 130021, China. 4 Department of Children’s and Adolescent Health, 
Public Health College of Harbin Medical University, Harbin 150081, China. 
5 Department of Pediatrics, Tongji Hospital, Tongji Medical College, Huazhong 
University of Science and Technology, Wuhan 430030, China. 6 Department 
of Children Rehabilitation, Hainan Women and Children’s Medical Center, 
Haikou 570100, China. 7 Xi’an Children’s Hospital, Xi’an 710003, China. 8 Child 
Mental Health Research Center of Nanjing Brain Hospital, Nanjing 210013, 
China. 9 Department of Child Health Care, The Affiliated Hospital of Qingdao 
University, Qingdao 266003, China. 10 Maternal and Child Health Hospital 
of Baoan, Shenzhen 518133, China. 11 Department of Child Healthcare, Shang-
hai Children’s Hospital, Shanghai Jiao Tong University, Shanghai 200040, China. 
12 Children’s Hospital Affiliated to Zhengzhou University, Zhengzhou 450053, 
China. 13 NHC Key Laboratory of Birth Defect for Research and Prevention, 
Hunan Provincial Maternal and Child Health Care Hospital, Changsha 410008, 
China. 14 Deyang Maternity & Child Healthcare Hospital, Deyang 618000, 
Sichuan, China. 15 Department of Children Health Care, Capital Institute 
of Pediatrics, Beijing 100020, China. 

Received: 29 January 2022   Accepted: 9 May 2022

References
 1. Maenner MJ, Rice CE, Arneson CL, Cunniff C, Schieve LA, Carpenter LA, 

et al. Potential impact of DSM-5 criteria on autism spectrum disorder 
prevalence estimates. JAMA Psychiatry. 2014;71(3):292–300. https:// doi. 
org/ 10. 1001/ jamap sychi atry. 2013. 3893.

 2. Matthew JM, Kelly AS, Amanda VB, Deborah AB, Maureen SD, Esler 
A, et al. Prevalence and Characteristics of Autism Spectrum Disorder 
Among Children Aged 8 Years. Autism and Developmental Disabilities 
Monitoring Network, 11 Sites, United States, 2018. MMWR Surveill Summ. 
2021;70(11):1–16. https:// doi. org/ 10. 15585/ mmwr. ss701 1a1.

 3. Zhang ZC, Han J. The First National Prevalence of autism Spectrum disor-
der in China. Neurosci Bull. 2020;36(9):959–60. https:// doi. org/ 10. 1007/ 
s12264- 020- 00571-x.

 4. Hyman SL, Levy SE, Myers SM. Council on children with disabilities SOD, 
behavioral P. identification, evaluation, and Management of Children with 
Autism Spectrum Disorder. Pediatrics. 2020;145(1). https:// doi. org/ 10. 
1542/ peds. 2019- 3447.

 5. Francesmonneris A, Pincus H, First M. Diagnostic and statistical manual of 
mental disorders. DSM-V Am Psychiatr Assoc. 2013.

 6. Bennett TA, Szatmari P, Georgiades K, Hanna S, Janus M, Georgiades S, 
et al. Language impairment and early social competence in preschool-
ers with autism spectrum disorders: a comparison of DSM-5 profiles. 
J Autism Dev Disord. 2014;44(11):2797–808. https:// doi. org/ 10. 1007/ 
s10803- 014- 2138-2.

https://doi.org/10.1001/jamapsychiatry.2013.3893
https://doi.org/10.1001/jamapsychiatry.2013.3893
https://doi.org/10.15585/mmwr.ss7011a1
https://doi.org/10.1007/s12264-020-00571-x
https://doi.org/10.1007/s12264-020-00571-x
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1542/peds.2019-3447
https://doi.org/10.1007/s10803-014-2138-2
https://doi.org/10.1007/s10803-014-2138-2


Page 9 of 9Zhang et al. BMC Psychiatry          (2022) 22:393  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 7. Tillmann J, San Jose Caceres A, Chatham CH, Crawley D, Holt R, Oakley 
B, et al. Investigating the factors underlying adaptive functioning in 
autism in the EU-AIMS longitudinal European autism project. Autism Res. 
2019;12(4):645–57. https:// doi. org/ 10. 1002/ aur. 2081.

 8. Visser JC, Rommelse NN, Greven CU, Buitelaar JK. Autism spectrum 
disorder and attention-deficit/hyperactivity disorder in early childhood: a 
review of unique and shared characteristics and developmental anteced-
ents. Neurosci Biobehav Rev. 2016;65:229–63.

 9. Lord C, Brugha TS, Charman T, Cusack J, Dumas G, Frazier T, et al. Autism 
spectrum disorder. Nat Rev Dis Primers. 2020;6(1):5. https:// doi. org/ 10. 
1038/ s41572- 019- 0138-4.

 10. Schendel DE, Overgaard M, Christensen J, Hjort L, Jorgensen M, Vester-
gaard M, et al. Association of Psychiatric and Neurologic Comorbidity 
with Mortality among Persons with Autism Spectrum Disorder in a 
Danish population. JAMA Pediatr. 2016;170(3):243–50. https:// doi. org/ 10. 
1001/ jamap ediat rics. 2015. 3935.

 11. Hirvikoski T, Mittendorfer-Rutz E, Boman M, Larsson H, Lichtenstein P, 
Bolte S. Premature mortality in autism spectrum disorder. Br J Psychiatry. 
2016;208(3):232–8. https:// doi. org/ 10. 1192/ bjp. bp. 114. 160192.

 12. Gardner LM, Campbell JM, Bush AJ, Murphy L. Comparing Behavioral 
Profiles for Autism Spectrum Disorders and Intellectual Disabilities Using 
the BASC-2 Parent Rating Scales–Preschool Form. J Psychoeduc Assess. 
2017;36(6):535–51. https:// doi. org/ 10. 1177/ 07342 82916 689438.

 13. Rivard M, Terroux A, Mercier C, Parent-Boursier C. Indicators of intel-
lectual disabilities in young children with autism spectrum disorders. 
J Autism Dev Disord. 2015;45(1):127–37. https:// doi. org/ 10. 1007/ 
s10803- 014- 2198-3.

 14. Pierce K, Gazestani VH, Bacon E, Barnes CC, Cha D, Nalabolu S, et al. Evalu-
ation of the diagnostic stability of the early autism Spectrum disorder 
phenotype in the general population starting at 12 months. JAMA 
Pediatr. 2019;173(6):578–87. https:// doi. org/ 10. 1001/ jamap ediat rics. 2019. 
0624.

 15. Hinnebusch AJ, Miller LE, Fein DA. Autism Spectrum disorders and low 
mental age. Diagnostic stability and developmental outcomes in early 
childhood. J Autism Dev Disord. 2017;47(12):3967–82. https:// doi. org/ 10. 
1007/ s10803- 017- 3278-y.

 16. Yang T, Zhu J, Li Q, Chen L, Wu LJ, Jia FY, et al. China multi-center pre-
school autism project (CMPAP): design and methodologies to identify 
clinical symptom features and biomarkers of autism Spectrum disorders. 
Front Psychiatry. 2020;11:613519. https:// doi. org/ 10. 3389/ fpsyt. 2020. 
613519.

 17. Rellini E, Tortolani D, Trillo S, Carbone S, Montecchi F. Childhood autism 
rating scale (CARS) and autism behavior checklist (ABC) correspondence 
and conflicts with DSM-IV criteria in diagnosis of autism. J Autism Dev 
Disord. 2004;34(6):703–8. https:// doi. org/ 10. 1007/ s10803- 004- 5290-2.

 18. Cen CQ, Liang YY, Chen QR, Chen KY, Deng HZ, Chen BY, et al. Investigat-
ing the validation of the Chinese mandarin version of the social respon-
siveness scale in a mainland China child population. BMC Psychiatry. 
2017;17(1):51. https:// doi. org/ 10. 1186/ s12888- 016- 1185-y.

 19. Li HH, Feng JY, Wang B, Zhang Y, Wang CX, Jia FY. Comparison of the 
children neuropsychological and behavior scale and the Griffiths mental 
development scales when assessing the development of children with 
autism. Psychol Res Behav Manag. 2019;12:973–81. https:// doi. org/ 10. 
2147/ PRBM. S2259 04.

 20. Yeargin-Allsopp M, Rice C, Karapurkar T, Doernberg N, Boyle C, Murphy C. 
Prevalence of autism in a US metropolitan area. JAMA. 2003;289(1):49–55. 
https:// doi. org/ 10. 1001/ jama. 289.1. 49.

 21. Baird G, Simonoff E, Pickles A, Chandler S, Loucas T, Meldrum D, et al. 
Prevalence of disorders of the autism spectrum in a population cohort of 
children in South Thames: the special needs and autism project (SNAP). 
Lancet. 2006;368(9531):210–5. https:// doi. org/ 10. 1016/ S0140- 6736(06) 
69041-7.

 22. Al-Mamari W, Idris AB, Gabr A, Jalees S, Al-Jabri M, Abdulrahim R, et al. 
Intellectual profile of children with autism Spectrum disorder: identifica-
tion of verbal and nonverbal subscales predicting intelligence quotient. 
Sultan Qaboos Univ Med J. 2021;21(3):386–93 https:// doi. org/ 10. 18295/ 
squmj.4. 2021. 001.

 23. Martos-Pérez J, Freire-Prudencio S, Llorente-Comí M, Ayuda-Pascual 
R, González-Navarro A. Autism and intelligence quotient stability. 
2018;66:39–44.

 24. Giofre D, Provazza S, Angione D, Cini A, Menazza C, Oppi F, et al. The 
intellectual profile of children with autism spectrum disorders may be 
underestimated: a comparison between two different batteries in an Ital-
ian sample. Res Dev Disabil. 2019;90:72–9. https:// doi. org/ 10. 1016/j. ridd. 
2019. 04. 009.

 25. Oliveras-Rentas RE, Kenworthy L, Roberson RB 3rd, Martin A, Wallace 
GL. WISC-IV profile in high-functioning autism spectrum disorders: 
impaired processing speed is associated with increased autism com-
munication symptoms and decreased adaptive communication abilities. 
J Autism Dev Disord. 2012;42(5):655–64. https:// doi. org/ 10. 1007/ 
s10803- 011- 1289-7.

 26. Mayes SD, Calhoun SL. WISC-IV and WIAT-II profiles in children with high-
functioning autism. J Autism Dev Disord. 2008;38(3):428–39. https:// doi. 
org/ 10. 1007/ s10803- 007- 0410-4.

 27. Nader A-M, Vr C, Soulie’res MDI. Does WISC-IV underestimate the intel-
ligence of autistic children? J Autism Dev Disord. 2016;46:1582–9. https:// 
doi. org/ 10. 1007/ s10803- 014- 2270-z.

 28. Miller LE, Burke JD, Robins DL, Fein DA. Diagnosing autism Spec-
trum disorder in children with low mental age. J Autism Dev Disord. 
2019;49(3):1080–95. https:// doi. org/ 10. 1007/ s10803- 018- 3810-8.

 29. Pry R, Petersen A, Baghdadli A. The relationship between expressive 
language level and psychological development in children with autism 
5 years of age. Autism. 2005;9(2):179–89. https:// doi. org/ 10. 1177/ 13623 
61305 047222.

 30. LeBarton ES, Landa RJ. Infant motor skill predicts later expressive 
language and autism spectrum disorder diagnosis. Infant Behav Dev. 
2019;54:37–47. https:// doi. org/ 10. 1016/j. infbeh. 2018. 11. 003.

 31. Bedford R, Pickles A, Lord C. Early gross motor skills predict the sub-
sequent development of language in children with autism spectrum 
disorder. Autism Res. 2016;9(9):993–1001. https:// doi. org/ 10. 1002/ aur. 
1587.

 32. Choi B, Leech KA, Tager-Flusberg H, Nelson CA. Development of fine 
motor skills is associated with expressive language outcomes in infants 
at high and low risk for autism spectrum disorder. J Neurodev Disord. 
2018;10(1):14. https:// doi. org/ 10. 1186/ s11689- 018- 9231-3.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1002/aur.2081
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1038/s41572-019-0138-4
https://doi.org/10.1001/jamapediatrics.2015.3935
https://doi.org/10.1001/jamapediatrics.2015.3935
https://doi.org/10.1192/bjp.bp.114.160192
https://doi.org/10.1177/0734282916689438
https://doi.org/10.1007/s10803-014-2198-3
https://doi.org/10.1007/s10803-014-2198-3
https://doi.org/10.1001/jamapediatrics.2019.0624
https://doi.org/10.1001/jamapediatrics.2019.0624
https://doi.org/10.1007/s10803-017-3278-y
https://doi.org/10.1007/s10803-017-3278-y
https://doi.org/10.3389/fpsyt.2020.613519
https://doi.org/10.3389/fpsyt.2020.613519
https://doi.org/10.1007/s10803-004-5290-2
https://doi.org/10.1186/s12888-016-1185-y
https://doi.org/10.2147/PRBM.S225904
https://doi.org/10.2147/PRBM.S225904
https://doi.org/10.1001/jama.289.1.49
https://doi.org/10.1016/S0140-6736(06)69041-7
https://doi.org/10.1016/S0140-6736(06)69041-7
https://doi.org/10.18295/squmj.4.2021.001
https://doi.org/10.18295/squmj.4.2021.001
https://doi.org/10.1016/j.ridd.2019.04.009
https://doi.org/10.1016/j.ridd.2019.04.009
https://doi.org/10.1007/s10803-011-1289-7
https://doi.org/10.1007/s10803-011-1289-7
https://doi.org/10.1007/s10803-007-0410-4
https://doi.org/10.1007/s10803-007-0410-4
https://doi.org/10.1007/s10803-014-2270-z
https://doi.org/10.1007/s10803-014-2270-z
https://doi.org/10.1007/s10803-018-3810-8
https://doi.org/10.1177/1362361305047222
https://doi.org/10.1177/1362361305047222
https://doi.org/10.1016/j.infbeh.2018.11.003
https://doi.org/10.1002/aur.1587
https://doi.org/10.1002/aur.1587
https://doi.org/10.1186/s11689-018-9231-3

	Neurodevelopmental domain characteristics and their association with core symptoms in preschoolers with autism spectrum disorder in China: a nationwide multicenter study
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Study population
	Neurodevelopment and core symptom assessment in preschool children with ASD
	Statistical analysis

	Results
	Participant characteristics
	Prevalence of DD among children with ASD
	Uneven or unbalanced neurodevelopmental domains in children with ASD
	Associations between neurodevelopment quotients and core symptoms in preschool children with ASD

	Discussion
	Conclusion
	Acknowledgments
	References


