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Early developmental levels of children with autism spectrum
disorder with different adaptive behaviors: a retrospective analysis
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The Diagnostic and Statistical Manual of Mental
Disorders, 5th Edition (DSM-5) (American Psychiatric
Association, 2013) defines autism spectrum disorder
(ASD) as a complex neurodevelopmental disorder that
begins in early childhood and is accompanied by so-
cial communication deficits and repetitive stereotyped
behaviors. According to the monitoring data released
in 2021 in the United States, the prevalence of ASD
in children was as high as 2.27%; that is, one in 44
children had autism (Maenner et al., 2021). China
publicly reported this figure to be around 0.7% (Zhou
et al., 2020). The current view is that children with
ASD are generally impaired in their adaptation ability
(McDonald et al., 2016; Hodge et al., 2021; Operto
et al., 2021). Adaptive behaviors comprise the concep-
tual, social, and practical skills that enable individuals
to adapt to the environment, which play an important
role in daily life (McDonald et al., 2019). “Adaptive
behavior” was first described by Doll (1936). Subse-
quently, abnormalities in adaptive behavior were in-
cluded in the criteria for intellectual disability for the
first time (Heber, 1961). The American Association
on Mental Retardation (AAMR) has refined and spec-
ified this term several times. Researchers hold different
opinions on the structure of social adaptive capability.
Greenspan and Granfield (1992) divided social adap-
tive capability into social understanding and social
interaction. However, an increasing number of scholars
considered that the concept of adaptive behaviors in
children was constructed via multiple dimensions. The
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most representative one among them was the Vineland
Adaptive Behavior Scales (VABS) proposed by Spar-
row et al. (1984). This scale illustrates that adaptive
behavior includes communication, daily living skills,
socialization, and motor skills. Harrison and Oakland
(2003) developed an Adaptive Behavior Assessment
System (ABAS), by applying the theory of adaptive
behavior proposed by AAMR and the American Asso-
ciation on Intellectual and Developmental Disabilities
(AAIDD). This system shows that adaptive behavior
has three adaptive composites, namely, conceptual
composite (including communication, learning func-
tion, and self-management), social composite (includ-
ing leisure and social skills), and practical composite
(including community application, home living, health
and safety, and self-care). As there are different re-
quirements for the social adaptive capability of chil-
dren from different cultural backgrounds and various
regions, Chinese scholars have translated the Normal
Development of Social Skills from Infant to Junior
High School Children (S-M) scale compiled by Japa-
nese scholars into Chinese, which is now widely used
in China (Zhang et al., 1995). The impairment of
adaptive function in children with ASD includes mul-
tiple dimensions, such as socialization, communica-
tion, and daily living skills (Kanne et al., 2011), and
the degree of impairment can predict the prognosis
and outcome in real life, including education acquisi-
tion and independent living ability (Farley et al.,
2009). Therefore, adaptive behavioral capacity is
considered to be a key intervention point that directly
affects the individual and social outcomes of autistic
children (Veenstra-VanderWeele et al., 2017; Bolte
etal., 2019).

Contemporary developmental theory holds that
development in all domains depends on the interaction
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between developmental domains, and different develop-
mental domains do not develop in isolation (Thelen,
2005). Therefore, the development of adaptive behavior
in children with ASD may also be related to their early
developmental level. Although scholars have researched
this premise, no consensus has been reached. For ex-
ample, autistic children may have delayed motor abili-
ties, whereas other studies suggest that motor skills
themselves may not lead to adaptive disorders (Green
et al., 2009). Additionally, the typical degree of ASD
core symptoms assessed by the Autism Diagnostic
Observation Scale (ADOS) seems to contribute little to
adaptive function (Ray-Subramanian et al., 2011; Yang
et al., 2016). Nonetheless, opposite examples also exist.
For example, McKernan and Kim (2022) reported that
preschool language ability can be used as a predictor
of adaptive behavior in children with ASD during kin-
dergarten. Moreover, Operto et al. (2021) found that
higher ADOS scores indicated worse adaptive behavior
ability. Therefore, studies on the relationship between
the adaptive behavior ability and early developmental
level of children with ASD are needed to identify the
general laws of adaptive behavior development in au-
tistic children and to promote the implementation of
early individualized interventions (Lord et al., 2022).

This study included 1656 children with ASD.
The youngest participant was 1.5 years old, the oldest
was 5.6 years old, and the average age was (2.67+
0.59) years. Among the participants, 86.78% had ab-
normal adaptive behavior and 43.90% had mild or
more severe impairment. These children all lagged
behind to varying degrees in the five domains assessed
by the Gesell Developmental Schedules (GDS), among
which the language lagged behind the most (Table 1).

Age significantly affected the developmental quo-
tient (DQ) of each domain (P<0.05) (Table 2). We di-
vided the participants into three age groups (1.5-2.0,
2.0-3.0, and =>3.0 years old) for multiple compari-
son. The 2—3-year-old and =3-year-old groups did not
differ significantly in the language domain (P>0.05);
otherwise, all age groups differed significantly in each
developmental domain (P<0.05). As children with
ASD grow older, the developmental level of each do-
main may become increasingly more delayed com-
pared with children of the same age who do not have
ASD (Table 3).

The adaptability DQ and gross motor DQ of ASD
boys were higher than those of girls, and the difference

was statistically significant (P<0.05). The effect of pre-
mature or full-term delivery on the developmental level
of each domain was not significant (Table 1). Age
significantly affected the adaptive behavior of children
with ASD (P<0.05), while gender or premature delivery
had no significant effect (Table 2).

Children’s adaptive behavior significantly affected
the DQ of all five developmental domains (P<0.05;
Table 1). For multiple comparison analysis, we divided
the adaptive behavior of children with ASD into normal
or high normal, borderline, mild impairment, and mod-
erate or above severe impairment groups. The differ-
ences among the different adaptive behavior groups for
each developmental domain were significant (P<0.001).
This result suggests that more severe impairment of
adaptive behavior in autistic children results in lower
DQ scores for the developmental domains (Table 3).

Table 4 shows the correlation matrix of the deve-
lopmental levels and influencing factors for the different
developmental domains. Gender could be correlated
with the impairment of adaptive behavior and adapt-
ability (P<0.05). The odds ratio of gender and the im-
pairment of adaptive behavior was 1.27, with being
male serving as a protective factor for adaptive behav-
ior, and the correlation between gender and adaptive
behavior was —0.05. Age was significantly positively
correlated with the impairment of adaptive behavior
(r=0.14, P<0.05) and significantly negatively corre-
lated with DQ in the five GDS developmental domains
(adaptability, =—-0.23; gross motor, 7=—0.42; fine motor,
r==0.25; language, r=—0.08; personal-social activity,
r==0.33; P<0.05). The severity of the impairment of
adaptive behavior was significantly negatively corre-
lated with the DQ of the five GDS developmental do-
mains (adaptive, »=—0.45; gross motor, =—0.46; fine
motor, »=-0.38; language, r=—0.62; personal-social
activity, r=—0.59; P<0.05). There were significant pos-
itive correlations among each developmental domain
(P<0.05).

In this retrospective study, we found that as child-
ren with ASD get older, their abilities become more de-
layed compared with those of children of the same age,
and they exhibit more serious impairment to their adap-
tive behavior. We divided the age of the study subjects
into three groups. Children in the >3-year-old group
had the lowest DQ scores in all areas of competence.
As is well known, the younger the child, the more
their adaptive behaviors depend on parental assistance
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Table 3 Influence of age and adaptive function on different developmental domains of children with autism spectrum

disorder (ASD)
P-value

Age groups
1.5-2.0 vs. 2.0-3.0 years 0.006 <0.001 0.002 0.029 <0.001
1.5-2.0 vs. 23.0 years <0.001 <0.001 <0.001 0.003 <0.001
2.0-3.0 vs. =3.0 years <0.001 <0.001 <0.001 0.436 <0.001

Adaptive function groups
Normal and high normal vs. borderline impairment <0.001 <0.001 <0.001 <0.001 <0.001
Normal and high normal vs. mild impairment <0.001 <0.001 <0.001  <0.001 <0.001
Normal and high normal vs. moderate impairment and above  <0.001 <0.001 <0.001 <0.001 <0.001
Borderline impairment vs. mild impairment <0.001 <0.001 <0.001 <0.001 <0.001
Borderline impairment vs. moderate impairment and above <0.001 <0.001 <0.001  <0.001 <0.001
Mild impairment vs. moderate impairment and above <0.001 <0.001 <0.001 <0.001 <0.001

The above P-value is the Bonferroni method-adjusted P-value and should be compared with 0.05.

Table 4 Correlation matrix of developmental levels and factors influencing different developmental domains

Factor Impairment of e ross  Fine Personal-

developmentQI level Gender Premature  Age adapﬁive function Adaptability ilOtOI’ motor Language social activity
Gender 1 - - 1.27" -0.05"  -0.08° 0.04° -0.03° -0.01°
Premature 1 - 1.24° -0.04° 0.02° -0.05° -0.02° -0.04°
Age 1 0.14" -0.23"  -0.42" -0.25" -0.08" -0.33"
Impairment of adaptive 1 -0.45"  -0.46" -0.38" -0.62" -0.59"

function
Adaptability 1 0.58¢ 0.74° 0.58™ 0.61"
Gross motor 1 0.54¢  0.49" 0.62"
Fine motor 1 0.43" 0.53"
Language 1 0.61"

Personal-social activity

1

* Represents the odds ratio (OR) calculated by multivariate logistic regression. ” Represents the r calculated by Spearman’s rank correlation
coefficient. ¢ Represents the 7 calculated by Point-biserial. ¢ Represents the 7 calculated by the Pearson’s correlation. "P<0.05.

to manifest. Most Chinese children with ASD are
raised at home until the age of 3 years; therefore, par-
ents are fully aware of their children’s habits. Even
when a child has social deficits, most parents are able
to sensibly identify and meet their child’s needs. With
the active assistance of parents, many children with
ASD seem to be doing relatively well. However, most
Chinese children begin kindergarten life after the age
of 3 years. In group life, children with ASD lose the
assistance of their parents and their adaptive behavior
abnormalities begin to come to the fore. This finding
is similar to the result of VABS in the European Au-
tism Interventions (EU-AIMS) Longitudinal European
Autism Project cohort, which reported that with age,
the gap between the adaptive behavior ability of ASD

individuals and their peers may widen (Tillmann et al.,
2019). Several other studies reported similar conclusions
(Klin et al., 2007; Kanne et al., 2011; Pathak et al.,
2019; Li et al., 2024). On the one hand, these findings
highlight the importance of early intervention in child-
ren with ASD to improve their adaptive behavior. On
the other hand, the gap in early adaptive behavior de-
velopment between children with ASD and children
without ASD is not large enough, and medical staff
and parents may ignore the subtle signs. Therefore,
the abnormal performance of autistic children is diffi-
cult to detect at a young age, which may be one of the
reasons why it is challenging to identify ASD in young
children. Nonetheless, there are also views that child-
ren with ASD have impairments in adaptive skills
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beginning at age one year before diagnosis (Sacrey
et al., 2019).

Research on gender and ASD continues to gain
attention, and recent data show the ratio of males to
females as 4.2:1 among children with ASD, with similar
proportions of boys and girls meeting a diagnosis of
intellectual disability (35.1% for boys and 35.6% for
girls) (Maenner et al., 2021). Although more males than
females present ASD, there is no gender difference in
adaptive skills (Andersson et al., 2013; Mandic-Maravic
et al., 2015; Reinhardt et al., 2015; Sacrey et al., 2019).
We found that boys with ASD had significantly higher
adaptability DQ and gross motor DQ than girls with
ASD, but no statistically significant differences were
established for the other domains. Other studies have
suggested that girls with ASD may perform worse in
terms of resilience (Carter et al., 2007; Frazier et al.,
2014) or reported the opposite result (Mandic-Maravic
et al., 2015; Ratto et al., 2018). Because the impact of
gender is unclear, the gender perspective still needs to be
taken into account in the diagnosis and intervention of
ASD in children. Preterm birth has been considered a
possible risk factor for ASD (Verhaeghe et al., 2016;
Agrawal et al., 2018), while our study suggested that
preterm birth did not significantly affect the develop-
mental levels in children who had been diagnosed
with ASD.

In China, GDS is one of the most commonly used
tools for evaluating the abilities of children with ASD.
We found that in the early development of children
with ASD, the average DQ of the adaptability, gross
motor, fine motor, language, and personal-social activity
domains did not reach the normal level. Children with
ASD may have developmental delays, among which
language lag is the most common. “Language disorder”
is listed as the first chief complaint in the initial diag-
nosis of many children with ASD. The timely assess-
ment of the abilities of children with ASD is helpful
to understand their ability development, provide a ref-
erence for the formulation of intervention plans, and
supply baseline data for the longitudinal evaluation of
intervention effects. While discovering the law of
groupings, we must also identify differences in the
ability development of ASD, which is manifested in
the different levels of ability development among dif-
ferent ASD individuals and in the uneven development
of different domains in the same individual, both be-
ing important reasons for the heterogeneity of clinical

phenotypes of ASD (Mouga et al., 2020). These are
also crucial for developing individualized intervention
strategies (Lord et al., 2022).

We found that adaptive behavior ability can sig-
nificantly affect and positively correlate with the DQ
of each domain of the GDS. Based on this, we specu-
late that the adaptive behavior ability of children with
ASD will be the “hub” of all abilities, and we wonder
if we can further improve the level of other abilities by
focusing on adaptive behavior interventions. Interven-
tion trials are needed to test this hypothesis. At present,
some intervention strategies exist to address the adaptive
behavior of adolescents with ASD, such as the improve-
ment of daily living skills, while such interventions
are not yet systematic (Duncan et al., 2021).

There is evidence that early intervention may im-
prove the adaptive behavior ability of children with ASD
(Szatmari et al., 2015). While adaptive behavior ability
has an influence on other abilities, the latter also have
an impact on adaptive behavior, which is consistent
with the contemporary development theory (Thelen,
2005). Two broad categories of interventions have
emerged in the current literature focused on evidence-
based intervention methods for ASD, namely, focused
intervention practices and comprehensive treatment
models (CTMs) (Wong et al., 2015). CTMs mainly
improve the function of multiple symptoms of ASD
(such as communication, behavior, and social ability)
at the same time to maximize the effect of the inter-
vention (Odom et al., 2010). CTMs may be the most
appropriate choice when it is impossible to clearly in-
tervene in the developmental domain, which has the
most critical effect.

This study has the following limitations. Because
the six aspects of the S-M scale, especially communi-
cation and socialization (which are closely related to
ASD), were not scored separately, only the total rough
score and standard score of the full scale could be pre-
sented, which is not conducive to understanding the
internal characteristics of adaptive behavior. Only the
DQ of the personal-social activity domain in the GDS
can reflect the social level of autistic children to a cer-
tain extent, and data directly reflecting the social level
of children with ASD (such as Autism Behavior Check-
list Scale scores, Childhood Autism Rating Scale scores,
or ADOS results) were not available. This shortcoming
makes the analysis of children’s social ability and its
influence on and correlation with the development of
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other domains less robust. This study focused on a
description and analysis of the phenomenon, but the
mechanism by which adaptive behavior affects the de-
velopmental domains requires further elucidation. In
addition, this study may have some bias in the obser-
vation aspect, which is an inevitable weakness in this
field and could make the conclusion weak. Therefore,
the limitations of further inference and quality assess-
ments of this study will be completed in the subsequent
cohort study we are currently preparing.

Materials and methods
Detailed methods are provided in the electronic supple-
mentary materials of this paper.
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The data are available from the corresponding author on
reasonable request.
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