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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental 
disorder characterized by deficiencies in communication 
and social interaction as well as stereotyped and repetitive 
behaviors, with symptoms appearing at an early age (APA, 
2013; Lord, et al., 2018). Functional impairment is a pre-
requisite for the diagnosis of ASD, and individuals with 
ASD may exhibit a range of functional abilities, depending 
on their developmental stage and context (Chatham, et al., 
2018). Adaptive functioning is a crucial factor considered 
in the evaluation of functional impairment in children with 
ASD. Both as children and as adults, individuals with ASD 
have been consistently shown to exhibit poorer adaptive 
abilities than typically developing individuals or individu-
als with other developmental disorders (Kenworthy, et al., 
2010; Mouga, et al., 2015). Adaptive functioning comprises 
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This study aimed to investigate the gap between adaptive functioning and cognitive functioning, especially verbal and 
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skills and specific domains, whereas NVI had no significant correlations with adaptive skill scores. Age of first walking 
unaided had an independent positive correlation (all P < 0.05) with scores of adaptive skills and specific domains. IQ-
adaptive functioning gap is significant in children with ASD having IQ ≥ 70, suggesting that defining “high-functioning 
autism” merely on the basis of IQ is not appropriate. Verbal IQ and early signs of motor development are specific and 
possible predictors of adaptive functioning in children with ASD, respectively.
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skills essential for everyday functioning, such as daily living 
skills, socialization, and communication. Lack of adaptive 
ability is an important indication for individual interven-
tion (Bölte, et al., 2019). Assessing adaptive functioning 
complements the diagnostic evaluation in individuals sus-
pected to have ASD and provides important information on 
requirements for functional support. Therefore, identifying 
the mediating factors that impact adaptive functioning can 
help develop strategies for early diagnosis and intervention 
in ASD.

The presence of intellectual impairment along with defi-
cit in adaptive functioning is the foundational criterion for 
the diagnosis of intellectual disability (ID). Studies have 
shown that cognitive functioning is an important mediating 
factor of adaptive functioning in ASD, but the association 
between cognitive functioning and adaptive functioning 
has not been replicated in children with ID and without ID. 
Lower intelligence quotient (IQ) has been shown to be asso-
ciated with poorer adaptive behaviors among individuals 
diagnosed with ASD and ID (Kanne, et al., 2011), suggest-
ing low IQ is a major contributor to poor adaptive skills and 
prognosis. However, recent studies have shown that individ-
uals without ID may still exhibit poorer adaptive skills than 
that expected from their intellectual potential (Bradshaw, 
et al., 2019). Adaptive functioning assessed using Vineland 
Adaptive Behavior Scales (VABS) have been found to be 
significantly lower than that expected for the corresponding 
IQ in children without ID (Alvares, et al., 2020). One pos-
sible explanation is that increased symptoms (e.g., attention 
deficit, hyperactivity, emotional disturbances) are closely 
related to poorer adaptive ability in children without ID. Fur-
ther exploration of the relationship between adaptive ability 
and IQ in children with ASD is necessary. Previous stud-
ies on the correlation between IQ and adaptive behaviors 
have generally used Full-Scale Intelligence Quotient (FSIQ) 
to evaluate cognitive functioning (Kenworthy, et al., 2010; 
Liss, et al., 2001). In this study, we sought to determine how 
verbal IQ and nonverbal IQ impact adaptive behaviors.

Recently, researchers have begun to focus on the dispar-
ity between cognitive and adaptive functioning in ASD. 
Evidence has shown that the IQ-adaptive functioning gap 
in ASD without ID emerged in early toddlerhood (Klin, 
et al., 2007; Pugliese, et al., 2015) and continues through 
adolescence (Kraper, et al., 2017). Studies have shown 
that individuals with ASD without ID exhibit a disparity 
between IQ and adaptive behaviors, which exacerbates with 
age (Pugliese, et al., 2015). The disparity between IQ and 
VABS scores has been shown to increase with an increase 
in the age of diagnosis of ASD (Alvares, et al., 2020). Put 
together, these findings suggest that age and age at diagnosis 
of ASD are important factors influencing the IQ-adaptive 
functioning gap. Few studies have focused on the gap in 

preschool age population, and we sought to further explore 
the IQ-adaptive functioning gap in preschool age children 
with ASD after accounting for the two abovementioned 
factors.

A few studies have explored the correlation between ASD 
symptoms, diagnosis, and adaptive functioning, but the 
results are inconsistent. A small-scale study has shown that 
severe repetitive behaviors are closely related to less well-
developed adaptive abilities and that autistic symptoms are 
negatively associated with overall adaptive skills (Troyb, 
et al., 2016). In contrast, a large-scale study (N = 2538) has 
shown that ASD severity is weakly associated with adaptive 
behaviors in school-aged children with ASD (Pathak, et al., 
2019). In a recent study, ASD symptom severity has failed to 
predict variability in specific domains or global components 
of the adaptive behaviors included in VABS (Hodge, et al., 
2021). The present study seeks to further explore the cor-
relation between ASD symptoms and adaptive functioning 
in preschool age children with ASD. Early signs of develop-
mental abnormalities, in both language and motor skills, are 
crucial to the diagnosis of ASD and for planning appropri-
ate interventions; they may also be important predictors of 
adaptive behavior. Delay in early language development in 
children with ASD may affect verbal communication, thus 
resulting in a deficit of daily communication skills. To the 
best of our knowledge, few studies have investigated the 
relation between early signs of development and adaptive 
functioning in ASD.

Some studies have examined how socioeconomic fac-
tors, mainly family income, parental level of education, 
and community resources, impact behaviors in ASD. How-
ever, the findings of such studies are inconsistent. An ear-
lier study on the impact of socioeconomic status (SES) on 
autistic symptoms found that lower SES is associated with 
increased emotional and behavioral challenges, which may 
aggravate adaptive behaviors in ASD (Mayes & Calhoun, 
2011). However, a recent study on preschool-aged chil-
dren has shown no significant relationship between SES 
and adaptive behaviors or ASD severity (Mathew, et al., 
2019). Children with ASD are more likely to remain mini-
mally verbal into adulthood in the context of lower parental 
income and education, suggesting the importance of socio-
economic factors in individual development (Maltman, et 
al., 2021). This study further examines how socioeconomic 
factors impact adaptive functioning.

The primary objective of our study is to examine the 
disparity between IQ and adaptive functioning in Chinese 
preschool-aged children with ASD. Additionally, we also 
explore how IQ, ASD severity, early signs of developmen-
tal abnormalities, and socioeconomic factors contribute to 
variability in adaptive functioning. Such an understanding 
would be conducive to early diagnosis and individualized 
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planning of intervention and supportive services for chil-
dren with ASD. On the basis of the findings of previous 
studies, we hypothesized the following: (1) There will be a 
significant disparity between IQ and adaptive functioning in 
children with ASD, especially in those having IQ ≥ 70. (2) 
IQ will be the most important factor that influences adaptive 
functioning, and verbal IQ may be a more specific predictor 
than nonverbal IQ. (3) ASD severity, early signs of devel-
opmental abnormalities, and socioeconomic factors will, 
at least to some extent, account for variability in specific 
domains of adaptive functioning.

Methods

Participants

This study was performed at the Child Developmental and 
Behavioral Center, a hospital in China. A total of 151 children 
aged 2.5–6 years who were clinically diagnosed with ASD 
were enrolled between September 2021 and May 2022. The 
criteria for inclusion in the study were as follows: (1) All the 
ASD diagnostic criteria defined by Diagnostic and Statisti-
cal Manual of Mental Disorders (DSM-V) (APA, 2013) are 
met. (2) The child has reached verbal developmental stage 
of single words and phrases. (3) The child has reached the 
developmental stage of independent walking. The exclusion 
criteria in this study were as follows: (1) diagnosis of fragile 
X syndrome, Rett syndrome, Prader-Willi syndrome, Angel-
man syndrome, or any other syndromes caused by known 
genetic abnormalities or hereditary metabolic disorders; 
(2) presence of hearing impairment or hearing disorder; (3) 
presence of physical disabilities; (4) history of epilepsy, epi-
leptic seizure, or anti-epileptic medication; and (5) history 
of neonatal brain injury, hypoxic ischemic encephalopathy, 
or intrauterine hypoxia.

Measures

Adaptive Functioning

Adaptive functioning was measured using Adaptive Behav-
ior Assessment System Version II (ABAS-II) (Oakland & 
Harrison, 2008). The infant/preschool form of the ABAS-II 
has been applied extensively to assess the adaptive ability of 
children aged 0–6 years (Ye, et al., 2021). The third edition 
of ABAS was not implemented in China when we designed 
the study, and the reliability and validity of the Chinese ver-
sion was not verified, thereby we used the ABAS-II. The 
standardized Chinese version of ABAS-II is comparable 
to the US version in reliability and validity (Li & Qiu, 
2016). Using ABAS-II adaptive functioning of children is 

evaluated at two levels. The first level contains three spe-
cific domains of adaptive skills, namely, conceptual skills, 
social skills, and practical skills. Conceptual skills include 
communication, preschool functioning, and self-manage-
ment; social skills include leisure and social interaction; and 
practical skills include family life, community adaptability, 
self-care, and health and safety. The second level comprises 
overall adaptive skills, representing a composite of all three 
domains and motor skills. Consistent with previous studies, 
our study was conducted using composited standard scores 
of adaptive behaviors to evaluate adaptive skills. Standard 
scores were normalized for age and ranged from 40 to 160, 
with higher scores indicating better adaptive skills.

Cognitive Functioning

Cognitive functioning was assessed using Wechsler Pre-
school and Primary Scale of Intelligence IV (WPPSI-IV) 
(Wechsler, 2012). WPPSI-IV is a cognitive ability test with 
high reliability and validity, which has been confirmed by 
extensive use in children with ASD; its standard and index 
scores have been found to be stable over time (Watkins, et 
al., 2022). The standardized Chinese version of Wechsler 
intelligence scale has also been shown to have good reli-
ability and validity (Zhang, 2009). Considering that the 
IQ of preschool-aged children is unbalanced, especially 
in verbal IQ and nonverbal IQ, cognitive functioning of 
children was evaluated at two levels in the present study. 
The first level of FSIQ evaluates the overall cognitive func-
tioning. The second level contains two specific domains of 
cognitive ability: vocabulary acquisition index (VAI) and 
nonverbal index (NVI). VAI includes picture naming and 
receptive vocabulary and reflects verbal IQ. NVI includes 
block design, matrix reasoning, picture memory, and object 
assembly and reflects nonverbal IQ. As was the case with 
the ABAS-II scores, standard scores of WPPSI-IV were also 
normalized for age and ranged from 40 to 160, and higher 
scores estimate better cognitive ability.

Cognitive-adaptive Functioning Gap

Rather than directly using the difference in the FSIQ-adap-
tive functioning scores as a measure of the gap between 
cognitive functioning and adaptive functioning, we inves-
tigated the impact of VAI and NVI separately on the differ-
ences in IQ-adaptive functioning gap according to IQ level. 
A proportion score was used to analyze group differences 
according to IQ level, rather than a simple difference score. 
Similar to the methods used in recent studies (McQuaid, et 
al., 2021), the IQ-adaptive functioning gap was assessed 
using proportion scores of the differences between IQ and 
the scores for conceptual skills, social skills, and practical 
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were performed by professional staff. Data on socioeconomic 
factors, including paternal/maternal level of education and 
family income, were collected from parent questionnaire. 
Data on age at diagnosis with ASD and age of first visit (to 
a doctor or hospital) were also obtained from parent ques-
tionnaire. The head circumference was measured according 
to standard methods. All enrolled children were classified 
into two groups based on FSIQ: children with ASD having 
IQ ≥ 70 and children with ASD having IQ < 70.

Quality Control

All children with ASD were diagnosed by two specialist 
and qualified clinicians to ensure diagnostic fidelity and 
consistency. ADOS and WPPSI-IV were administered with 
the standardized instructions by certified therapists and cli-
nicians and in strict accordance with the operational pro-
cess. Parents completed the ABAS-II form after receiving 
a uniform set of instructions from the professional staff. 
In addition, head circumference was measured using stan-
dard procedures, by specialist nurses who received uniform 
training.

Statistical Analyses

Continuous data were represented as means (M) and stan-
dard deviations (SD). In the first step, t-test was used to 
compare the normally distributed data in the two groups 
(children with IQ ≥ 70 vs. children with IQ < 70). Intergroup 
comparisons of continuous data that did not conform to nor-
mal distribution were made using t-test after conversion to 
normal distribution data. To preclude the confounding effect 
of age and age of diagnosis, in the second step, analysis 
of covariance (ANCOVA) was applied to compare data in 
IQ-adaptive skills gap between groups, with age and age at 
diagnosis as covariables. Discrete data were represented by 
frequency (%). Gender differences were compared using the 
Chi-square test, and ranked data were used to compare the 
two groups using the Mann-Whitney U test.

Rather than to automatically select the most important 
variable, a series of hierarchical regressions were performed 
in sequence to examine the unique contributions of socioeco-
nomic factors, IQ, ASD severity, and early signs of devel-
opmental abnormalities to variation in adaptive skills. The 
sequence of hierarchical regression was similar to the statis-
tical methods used in recent studies (Hodge, et al., 2021). To 
explore the contribution of the different predictors to over-
all and domain-specific components of adaptive function-
ing, hierarchical regressions on overall adaptive skills and 
the three domains were separately computed. P < 0.05 was 
considered as statistically significant. The value of Cohen’s 
d was determined to interpret the effect size for the t-test: 

skills in ABAS-II that were calculated as follows: IQ-adap-
tive functioning gap proportion score = (IQ – Domain 
Score)/IQ *100. The proportion score was used to calibrate 
IQ, to account for the impact of lower IQ scores in the group 
with IQ < 70 and higher IQ scores in the group with IQ ≥ 70.

ASD Severity

ASD severity was evaluated using the Autism Diagnostic 
Observation Schedule (ADOS). The ADOS is a standard-
ized assessment to evaluate the current severity of autistic 
symptoms for children with ASD (Lord, et al., 2002), which 
includes communication, social reciprocity, and restricted 
and repetitive behaviors. The validity of ADOS for the diag-
nosis of ASD in the Chinese population has been previously 
established (Sun, et al., 2015). Since the enrolled population 
included children with different levels of language skills 
and age, different modules (module 1, module 2, and mod-
ule 3) were used for the evaluation of ASD symptoms. In 
order to reduce the differences in the language skill levels 
and age, we used standardized ADOS-Calibrated Sever-
ity Scores (ADOS-Css). First, the revised algorithms were 
used into total scores for the domains of social affect and 
restricted and repetitive behaviors, to improve predictive 
value (Gotham, et al., 2007). Next, the revised algorithms 
for all modules were transformed to calibrated severity 
scores (Gotham, et al., 2009), which range from 0 to 10. 
Higher ADOS-Css indicate more severe autism symptoms 
in children with ASD.

Early Signs of Developmental Abnormalities

Early signs of developmental abnormalities were assessed 
using Autism Diagnostic Interview-Revised (ADI-R). 
ADI-R is designed to evaluate autistic behaviors and quan-
tify the developmental history in a semi-structured parent/
caregiver interview (Rutter, et al., 2003). Early signs of 
developmental abnormalities included in ADI-R are age 
of first single words, age of first phrases, and age of first 
walking unaided. In our study, age of first single words and 
first phrases in ADI-R was used to assess early language 
development, while age of first walking unaided was used 
to evaluate motor development. Additionally, age at which 
parents first noticed developmental abnormalities was used 
to assess onset symptoms correlation with diagnosis of 
ASD. The above data are recorded in months according to 
ADI-R items.

Procedure

All clinical assessments were administered during hospital-
ization. Assessments using the ADOS and WPPSI-IV scales 

1 3

3110



Journal of Autism and Developmental Disorders (2024) 54:3107–3121

the enrolled children was 4.20 years, and the male to female 
sex ratio was 5.2:1, which is consistent with the sex bias 
reported for ASD in epidemiological surveys. Thus, the age 
and sex ratio of the sample population was representative 
of that in the general population of preschool-aged children 
with ASD. There were no statistically significant differences 
in the age and sex ratio in the group with IQ ≥ 70 and the 
group with IQ <70 (all P > 0.05). In terms of diagnosis, the 
age at diagnosis was significantly delayed in with the group 
with IQ ≥ 70 (t = 2.11, P = 0.037, Cohen’s d = 0.36). Simi-
larly, the age at which parents first noticed developmen-
tal abnormalities was also later in the group with IQ ≥ 70 

0.20, small; 0.50, moderate; and 0.80, large. η² was used to 
interpret effect size for ANCNOVA: 0.01, small; 0.06, mod-
erate; and 0.14, large (Cohen, 1988). The SPSS version 20.0 
software was used for all statistical analyses.

Results

Demographics

Table 1 displays the demographic data of the sample popu-
lation, including head circumference. The average age of 

Table 1 Comparison in demographics, diagnosis and socioeconomic factors between ASD children with IQ ≥ 70 and with IQ < 70
Total sample With IQ < 70 With IQ ≥ 70 With IQ < 70 vs. With IQ ≥ 70
 N = 151 n = 88 n = 63 t/Z/χ2 P Effect 

Size
Age (years) 4.20(0.90) 4.23 (0.84) 4.15(0.98) 0.16* 0.874 0.09
Age at diagnosis (months) 41.64(12.04) 39.85(10.86) 44.13(13.22) 2.11* 0.037 0.36
Age of first visit (months) 35.93(12.01) 34.20(10.54) 38.35(13.53) 1.84* 0.068 0.35
Age at which parents firstly noticed developmental 
abnormalities (months)

25.84(8.68) 24.65(8.69) 27.51(8.47) 2.07* 0.041 0.33

Gender (%) 0.83† 0.363 0.23
 Male 127 (84.1%) 72 (81.8%) 55 (87.3%)
 Female 24 (15.9%) 16 (12.2%) 8 (12.7%)
Head circumference 0.56 0.579 0.08
 -2SD under 6 (4.0%) 4 (4.5%) 2 (3.2%)
 -2SD~-1SD 20 (13.2%) 14 (15.9%) 6 (9.5%)
 -1SD~+1SD 97 (64.2%) 53 (60.2%) 44 (69.8%)
 +1SD~+2SD 22 (14.6%) 13 (14.8%) 9 (14.3%)
 +2SD above 6 (4.0%) 4 (4.5%) 2 (3.2%)
Gestational age 0.07† 0.794 0.09
 Premature 11 (7.3%) 6 (6.8%) 5 (7.9%)
 Term 140 (92.7%) 82 (93.2%) 58 (92.1%)
Birth weight (kg) 3.20(0.54) 3.21(0.52) 3.19(0.58) 0.09* 0.932 0.04
Delivery method 0.03 0.858 0.03
 Vaginal 85 (56.3%) 49 (55.7%) 36 (57.1%)
 Caesarean 66 (43.7%) 39 (44.3%) 27 (42.9%)
Paternal highest education 0.03 0.980 0.09
 Postgraduate 20 (13.2%) 14 (15.9%) 6 (9.5%)
 Bachelor 80 (53.0%) 44 (50.0%) 36 (57.1%)
 College 27 (17.9%) 12 (13.6%) 15 (23.8%)
 High school 18 (11.9%) 13 (14.8%) 5 (7.9%)
 Junior school/under 6 (4.0%) 5 (5.7%) 1 (1.6%)
Maternal highest education 1.66 0.097 0.29
 Postgraduate 13 (8.6%) 7 (8.0%) 6 (9.5%)
 Bachelor 93 (61.6%) 50 (56.8%) 43 (68.3%)
 College 39 (25.8%) 26 (29.5%) 13 (20.6%)
 High school 5 (3.3%) 4 (4.5%) 1 (1.6%)
 Junior school/under 1 (0.7%) 1 (1.1%) 0 (0.0%)
Family income (RMB/year) 0.32 0.753 0.08
 More than 500k 45 (30.0%) 27 (30.7%) 18 (28.6%)
 100-500k 95 (63.3%) 53 (60.2%) 42 (66.7%)
 Less than 100k 10 (6.7%) 8 (9.1%) 2 (3.2%)
† Chi-square test; * t-test; the others were Mann-Whitney U test
SD: standard deviation; ASD: Autism Spectrum Disorder
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however, there were no significant differences between the 
two groups in the age of first walking unaided (t = 0.26, 
P = 0.799). In terms of symptoms, children with IQ ≥ 70 had 
less severe ASD symptoms when compared with children 
having IQ < 70 (t = 3.49, P = 0.001, Cohen’s d = 0.55).

Comparison of IQ-adaptive Skills Gap in Children 
with IQ ≥ 70 and those with IQ < 70

Next, we examined the gap between IQ and ABAS-II scores, 
for both the composite score and scores for each domain. 
We first examined the interaction between the group and 
age (group × age) and between group and age of diagnosis 
(group × age of diagnosis). The model comparisons showed 
no group × age and group × age of diagnosis interactions, 
except in the case of IQ-social skills gap (Table 3). At the 
first level, the proportion scores of children with IQ ≥ 70 
had significantly higher FSIQ-Overall adaptive skills gap 
than those with IQ < 70 (F = 35.36, P < 0.001, η² = 0.19). 
Furthermore, this difference remained significant in the case 
of the proportion scores for VAI-Overall adaptive skills 
and NVI-Overall adaptive skills gap (F = 32.51, 22.61; 
P < 0.001; η² = 0.18, 0.13). At the second level of analy-
sis, children with IQ ≥ 70 had significantly higher propor-
tion scores for IQ-adaptive functioning gap in all the three 
domains (all P < 0.001). Moreover, significant differences 
between the two groups were also noted in the gap between 
VAI/NVI and specific domain scores (all P < 0.001).

(t = 2.07, P = 0.041, Cohen’s d = 0.33). These findings sug-
gest that higher IQ could lead to a delay in diagnosis of 
ASD.

Head circumference, as endophenotype of autism, was 
not found to correlate with global or domain-specific com-
ponents of adaptive skills (all P > 0.05). No significant dif-
ference in head circumference was found between the two 
groups (Z = 0.56, P = 0.579). From the birth-related data, no 
statistically significant intergroup differences were found 
in birth weight, delivery method, or gestational age (all 
P > 0.05). Similarly, with respect to socioeconomic factors, 
no statistically significant differences were noted between 
the two groups with regard to the parents’ highest education 
level and family income (all P > 0.05).

Comparison of Adaptive Skills, IQ, Early Signs of 
Developmental Abnormalities, and Symptom 
Severity in Children with IQ ≥ 70 and IQ < 70

As shown in Table 2, significant differences were noted 
between children with IQ ≥ 70 and those with IQ < 70 in the 
scores of overall adaptive skills and the three domains of 
skills (all P > 0.05). In the assessment of cognition function-
ing, children having IQ ≥ 70 scored significantly higher in 
both VAI and NVI, when compared with children having 
IQ < 70 (t = 14.32, 15.40; P < 0.001; Cohen’s d = 2.56, 2.83). 
With respect to early signs of developmental abnormalities, 
age of first single words and first phrases for children with 
IQ ≥ 70 was significantly lower than that for children with 
IQ < 70 (t = 4.15, 4.24; P < 0.001; Cohen’s d = 0.61, 0.74); 

Table 2 Comparison in adaptive functioning, IQ, early signs of developmental abnormalities and symptom severity between ASD children with 
IQ ≥ 70 and with IQ < 70

Total sample With IQ < 70 With IQ ≥ 70 With IQ < 70 vs. with 
IQ ≥ 70

 N = 151 n = 88 n = 63 t P Effect 
Size

ABAS-II
 Overall adaptive skills 69.52(15.68) 61.61(12.51) 80.56 

(12.77)
8.80 0.000 1.50

 Conceptual skills 68.4(15.80) 60.4(12.14) 79.57(13.39) 9.01 0.000 1.51
 Social skills 67.02(16.68) 59.38(13.83) 77.7(14.35) 7.57 0.000 1.30
 Practical skills 72.43(16.93) 64.31(13.87) 83.78(14.10) 8.00 0.000 1.39
WISC-IV
 FSIQ 69.49(19.57) 55.91(6.45) 88.46(15.52) 16.07 0.000 2.92
 VAI 71.77(21.43) 57.57(12.18) 91.62(14.71) 14.32 0.000 2.56
 NVI 72.61(19.70) 59.07(6.84) 91.52(15.81) 15.40 0.000 2.83
ADI-R
 Age of first walking unaided (months) 14.11(2.86) 14.23(3.12) 13.94(2.46) 0.26 0.799 0.10
 Age of first single words (months) 24.95(11.06) 27.64(11.56) 21.19(9.14) 4.15 0.000 0.61
 Age of first phrases (months) 33.48(10.26) 36.47(10.68) 29.32(8.03) 4.24 0.000 0.74
ADOS-Css 7.57(1.53) 7.91(1.57) 7.10(1.33) 3.49 0.001 0.55
ABAS-II: Adaptive Behavior Assessment System Version II; WISC-IV: Wechsler Intelligence Scale (the fourth edition); FSIQ: full scale intel-
ligence quotient; VAI: Vocabulary Acquisition Index; NVI: Nonverbal Index; Autism Diagnostic Interview-Revised (ADI-R); ADOS-Css: 
Autism Diagnostic Observation Schedule-Calibrated severity score
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Contribution of Socioeconomic Factors, IQ, ASD 
Severity, and Early Signs of Developmental 
Abnormalities to ABAS-II Overall Adaptive Skills

The hierarchical regression model was used to determine 
how socioeconomic factors, IQ, ASD severity, and early 
signs of developmental abnormalities impact overall adap-
tive skills in sequence (Table 4). The total model had good 
interpretation with 61.8% of variance (P < 0.001). Although 
gender was relevant to overall adaptive skills in the total 
model (β = 0.12, P = 0.038), age and gender did not show 
any significant variance in step 1 (F = 1.64, P = 0.198). 
Socioeconomic factors contributed to an additional 9.7% of 
variance in step 2 (ΔF = 5.31, P = 0.002), and maternal high-
est education was positively correlated with overall adaptive 
skills in the total model (β = 0.15, P = 0.022). FSIQ contrib-
uted an additional 36.9% variance in step 3 (ΔF = 103.14, 
P < 0.001), suggesting that IQ had the largest contribution to 
overall adaptive skills. VAI and NVI contributed to an addi-
tional 6.4% of the variance in step 4 (ΔF = 10.12, P < 0.001), 
and VAI emerged as a specific predictor in the total model 
(β = 0.34, P = 0.003), rather than NVI (β = -0.37, P = 0.087). 
ADOS-Css did not contribute any significant variance in 
step 5 (ΔF = 0.00, P = 0.964) and was found to have no sig-
nificant correlation with overall adaptive skills in the total 
model (β = -0.07, P = 0.233). Early signs of developmental 
abnormalities accounted for an additional 6.6% of the vari-
ance in step 6 (ΔF = 7.84, P < 0.001), whereas age of first 
walking unaided was negatively correlated to overall adap-
tive skills in the total model (β = -0.21, P < 0.001).

Contribution of Socioeconomic Factors, IQ, ASD 
Severity, and Early Signs of Developmental 
Abnormalities to ABAS-II Conceptual Skills

Table 5 displays the model examining how socioeconomic 
factors, IQ, ASD severity, and early signs of developmental 
abnormalities impact ABAS-II conceptual skills. The total 
model still had good interpretability with 59.5% of variance 
(P = 0.002). Age and gender did not account for any signifi-
cant variance in step 1 (F = 1.40, P = 0.251), and these fac-
tors did not predict conceptual skills in the total model (all 
P > 0.05). Socioeconomic factors contributed an additional 
7.8% of variance in step 2 (ΔF = 4.16, P = 0.007), and the 
three socioeconomic factors were not significantly relevant 
to conceptual skills in the total model (all P > 0.05), which 
showed that socioeconomic factors were poorly associ-
ated with conceptual skills. FSIQ contributed an additional 
34.6% variance in step 3 (ΔF = 88.88, P < 0.001), suggest-
ing that IQ still had the largest contribution to conceptual 
skills. VAI and NVI contributed to an additional 10.0% of 
the variance in step 4 (ΔF = 15.40, P < 0.001). Rather than 
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P = 0.188). Although socioeconomic factors contributed an 
additional 9.5% of variance in step 2 (ΔF = 5.16, P = 0.002), 
they did not have any significant association with social 
skills in the total model (all P > 0.05). FSIQ contributed an 
additional 30.2% variance in step 3 (ΔF = 74.38, P < 0.001), 
which indicated that IQ was the largest contributor to social 
skills. Although ADOS-Css were negatively correlated 
with social skills in the total model (β = -0.15, P = 0.033), 
the scores did not account for any significant variance in 
step 5 (ΔF = 1.88, P = 0.173). Early signs of developmen-
tal abnormalities accounted for an additional 5.0% of the 
variance in step 6 (ΔF = 4.52, P = 0.005), and age of first 
phrases was negatively correlated with social skills (β = 
-0.21, P = 0.048), as well as age of first walking unaided (β 
= -0.16, P = 0.015).

NVI (β = -0.36, P = 0.099), VAI still emerged as a specific 
predictor in the total model (β = 0.44, P < 0.001). ADOS-
Css did not contribute to any significant variance in step 5 
(ΔF = 1.33, P = 0.252) and did not predict overall adaptive 
skills in the total model (β = 0.00, P = 0.995). Early signs 
of developmental abnormalities accounted for an additional 
4.8% of the variance in step 6 (ΔF = 5.39, P = 0.002), and 
age of first walking unaided was found to be negatively 
associated with conceptual skills in the total model (β = 
-0.15, P = 0.014).

Contribution of Socioeconomic Factors, IQ, ASD 
Severity, and Early Signs of Developmental 
Abnormalities to ABAS-II Social Skills

The hierarchical regression model was also used to examine 
the contribution of socioeconomic factors, IQ, ASD sever-
ity, and early signs of developmental abnormalities to social 
skills (Table 6). The total model had good interpretability 
with 49.2% of variance (P = 0.005). Age and gender did 
not account for any significant variance in step 1 (F = 1.69, 

Table 4 Contribution of socioeconomic factors, IQ, ASD severity and early signs of developmental abnormalities to overall adaptive skills
R2 ΔR2 B SE β t P

Step1 0.02 0.198
 Age 1.45 1.44 0.08 1.01 0.313
 Gender 5.77 3.53 0.14 1.64 0.104
Step2 0.12 0.10 0.002
 Paternal highest education -0.92 1.56 -0.06 -0.59 0.554
 Maternal highest education 7.27 2.06 0.32 3.53 0.001
 Family income 1.53 2.57 0.05 0.60 0.552
Step3 0.49 0.37 0.000
 FSIQ 0.50 0.05 0.62 10.16 0.000
Step4 0.55 0.06 0.000
 VAI 0.32 0.08 0.44 3.90 0.000
 NVI -0.27 0.18 -0.34 -1.53 0.128
Step5 0.55 0.00 0.964
 ADOS-Css 0.03 0.63 0.00 0.05 0.964
Step6-Total model 0.62 0.07 0.000
 Age 1.58 0.98 0.09 1.60 0.111
 Gender 4.93 2.35 0.12 2.10 0.038
 Paternal highest education -0.64 1.08 -0.04 -0.59 0.555
 Maternal highest education 3.40 1.46 0.15 2.32 0.022
 Family income 2.12 1.78 0.08 1.19 0.237
 FSIQ 0.47 0.19 0.59 2.45 0.016
 VAI 0.25 0.08 0.34 3.01 0.003
 Nonverbal-Index -0.29 0.17 -0.37 -1.72 0.087
 ADOS-Css -0.76 0.63 -0.07 -1.20 0.233
 Age of first walking unaided -1.15 0.32 -0.21 -3.59 0.000
 Age of first single words 0.03 0.13 0.02 0.19 0.850
 Age of first phrases -0.27 0.14 -0.17 -1.87 0.063
Durbin-Watson = 1.82
ASD: Autism Spectrum Disorder; FSIQ: full scale intelligence quotient; VAI: Vocabulary Acquisition Index; NVI: Nonverbal Index; ADOS-
Css: Autism Diagnostic Observation Schedule-Calibrated severity score
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(β = 0.40, P = 0.001), rather than NVI (β = -0.32, P = 0.159). 
Although ADOS-Css was negatively correlated with prac-
tical skills in the total model (β = -0.14, P = 0.041), the 
scores did not account for any significant variance in step 5 
(ΔF = 0.63, P = 0.428). In the final step, age of first walking 
unaided remained as a unique predictor of practical skills (β 
= -0.23, P < 0.001).

Discussion

Cognitive-adaptive Functioning Gap

Our results demonstrate a substantial discrepancy between 
IQ and each domain of adaptive skills in children with ASD 
having IQ ≥ 70. In this study, we included age and age at 
diagnosis as covariables to reduce influence of these fac-
tors on the results. The results show that IQ is an important 
factor for the gap of IQ-adaptive behavior in preschool chil-
dren, as well as in verbal and nonverbal IQ domain. Cogni-
tive functioning may be more important in preschool-aged 

Contribution of Socioeconomic Factors, IQ, ASD 
Severity, and Early Signs of Developmental 
Abnormalities to ABAS-II Practical Skills

Table 7 shows the hierarchical regression model examin-
ing how socioeconomic factors, IQ, ASD severity and early 
signs of developmental abnormalities impact ABAS-II 
practical skills. The total model also had good interpreta-
tion with 56.0% of variance (P < 0.001). Age and gender 
still did not account for any significant variance in step 1 
(F = 1.46, P = 0.237). Socioeconomic factors contributed 
to an additional 8.1% of variance in step 2 (ΔF = 4.32, 
P = 0.006), and maternal highest education was positively 
associated with practical skills in the total model (β = 0.14, 
P = 0.043). FSIQ contributed an additional 31.2% variance 
in step 3 (ΔF = 75.94, P < 0.001), thereby indicating that IQ 
still had the largest contribution to practical skills, similar to 
the case with conceptual skills. VAI and NVI contributed an 
additional 7.2% of variance in step 4 (ΔF = 9.85, P < 0.001). 
VAI also emerged as a specific predictor to practical skills, 
as was the case with conceptual skills in the total model 

Table 5 Contribution of socioeconomic factors, IQ, ASD severity and early signs of developmental abnormalities to ABAS-II conceptual skills
R2 ΔR2 B SE β t P

Step1 0.02 0.251
 Age 1.35 1.44 0.08 0.94 0.351
 Gender 5.35 3.55 0.13 1.51 0.134
Step2 0.10 0.08 0.007
 Paternal highest education -0.38 1.58 -0.02 -0.24 0.810
 Maternal highest education 6.53 2.10 0.29 3.12 0.002
 Family income 0.56 2.61 0.02 0.21 0.831
Step3 0.44 0.35 0.000
 FSIQ 0.49 0.05 0.60 9.43 0.000
Step4 0.54 0.10 0.000
 VAI 0.41 0.08 0.56 4.88 0.000
 NVI -0.31 0.18 -0.39 -1.76 0.081
Step5 0.55 0.00 0.252
 ADOS-Css 0.74 0.64 0.07 1.15 0.252
Step6-Total model 0.60 0.05 0.002
 Age 1.19 1.02 0.07 1.17 0.242
 Gender 4.64 2.43 0.11 1.91 0.058
 Paternal highest education -0.44 1.12 -0.03 -0.40 0.693
 Maternal highest education 2.67 1.51 0.12 1.76 0.080
 Family income 1.58 1.84 0.06 0.86 0.391
 FSIQ 0.40 0.20 0.49 1.99 0.048
 VAI 0.33 0.09 0.44 3.85 0.000
 NVI -0.29 0.18 -0.36 -1.66 0.099
 ADOS-Css 0.00 0.65 0.00 0.01 0.995
 Age of first walking unaided -0.82 0.33 -0.15 -2.49 0.014
 Age of first single words -0.04 0.14 -0.03 -0.27 0.789
 Age of first phrases -0.23 0.15 -0.15 -1.58 0.115
Durbin-Watson = 1.83
ASD: Autism Spectrum Disorder; FSIQ: full scale intelligence quotient; VAI: Vocabulary Acquisition Index; NVI: Nonverbal Index; ADOS-
Css: Autism Diagnostic Observation Schedule-Calibrated severity score
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IQ and Adaptive Functioning

The present study highlights that IQ is the most important 
factor influencing adaptive ability in preschool-aged chil-
dren with ASD. In this study, adaptive skills in all domains 
were lower than IQ scores in the group with IQ ≥ 70, while 
the opposite pattern was existing in the group with IQ < 70 
- adaptive skills in all domains were actually higher than 
IQ scores. The results suggest that adaptive impairment is 
more severe in ASD children with having IQ ≥ 70, while 
intellectual impairment is more severe in ASD children with 
having IQ < 70. Although the relationship between IQ and 
adaptive functioning has been reported in preschool chil-
dren with ASD, the majority of the existing study reports do 
not clarify whether verbal or nonverbal IQ accounts for this 
relationship (Pathak, et al., 2019; Yang, et al., 2016). Con-
sidering that children with ASD show certain differences in 
the intelligence structure, we analyzed the influence of the 
verbal and nonverbal components separately, which may 
greatly alleviate the influence of the difference in cogni-
tive structure. Though this study shows that there do not 

children than in school-aged children or adolescents, pos-
sibly because of the coexistence of other psychiatric symp-
toms, such as emotional disorders, anxiety and depression, 
in older children, which may further compromise adap-
tive functioning. High-functioning autism (HFA) is a term 
widely used in both research and clinical practice to define 
children with ASD who have an IQ ≥ 70. Individuals clas-
sified with HFA are expected to have milder symptoms and 
better outcomes than their counterparts. However, recent 
studies have argued that HFA does not appropriately reflect 
the level of adaptive functioning in children with IQ evalu-
ated of ≥ 70 (Alvares, et al., 2020). The results of our study 
are consistent with the contention that HFA is a misnomer 
when defined merely on the basis of IQ. The use of IQ cut-
offs as a measure of adaptive functioning may be mislead-
ing regarding the functional ability of children with ASD, 
thereby resulting in biased assignment of supportive ser-
vices and funds from government. Therefore, clinicians 
should fully analyze the differences in cognitive functioning 
and specific domains of adaptive functioning before plan-
ning individualized interventions.

Table 6 Contribution of socioeconomic factors, IQ, ASD severity and early signs of developmental abnormalities to ABAS-II social skills
R2 ΔR2 B SE β t P

Step1 0.02 0.188
 Age -0.69 1.52 -0.04 -0.45 0.651
 Gender 6.33 3.74 0.14 1.69 0.093
Step2 0.12 0.10 0.002
 Paternal highest education 0.44 1.65 0.03 0.27 0.789
 Maternal highest education 7.01 2.19 0.29 3.21 0.002
 Family income 0.46 2.72 0.02 0.17 0.865
Step3 0.42 0.30 0.000
 FSIQ 0.48 0.06 0.56 8.63 0.000
Step4 0.43 0.02 0.166
 VAI 0.17 0.10 0.22 1.73 0.086
 NVI -0.11 0.21 -0.12 -0.50 0.619
Step5 0.44 0.01 0.173
 ADOS-Css -1.03 0.75 -0.09 -1.37 0.173
Step6-Total model 0.49 0.05 0.005
 Age 0.03 1.20 0.00 0.03 0.978
 Gender 5.24 2.88 0.12 1.82 0.071
 Paternal highest education 0.96 1.33 0.06 0.73 0.468
 Maternal highest education 3.50 1.79 0.15 1.96 0.052
 Family income 0.49 2.18 0.02 0.23 0.821
 FSIQ 0.46 0.24 0.55 1.96 0.052
 VAI 0.11 0.10 0.14 1.05 0.296
 NVI -0.18 0.21 -0.22 -0.89 0.376
 ADOS-CSS -1.67 0.77 -0.15 -2.16 0.033
 Age of first walking unaided -0.96 0.39 -0.16 -2.46 0.015
 Age of first single words 0.10 0.16 0.07 0.62 0.538
 Age of first phrases -0.35 0.17 -0.21 -1.99 0.048
Durbin-Watson = 1.86
ASD: Autism Spectrum Disorder; FSIQ: full scale intelligence quotient; VAI: Vocabulary Acquisition Index; NVI: Nonverbal Index; ADOS-
Css: Autism Diagnostic Observation Schedule-Calibrated severity score

1 3

3116



Journal of Autism and Developmental Disorders (2024) 54:3107–3121

enough to predict ASD symptoms; this suggests that ver-
bal IQ may be a factor that can be used for subtyping ASD 
(Johnson, et al., 2021). Put together, these findings support 
our argument that verbal IQ can be a specific predictor of 
adaptive functioning in preschool children with ASD.

SES and Adaptive Functioning

Socioeconomic factors were found to have a significant 
impact on the adaptive functioning of children with ASD 
in the second step of hierarchical regression model, with 
maternal educational level being positively correlated to 
adaptive functioning. In fact, only maternal educational 
level was positively associated with overall adaptive skills 
and practical skills of children with ASD after taking into 
account IQ, ASD severity, and early signs of developmental 
abnormalities. The practical skills in ABAS-II include self-
care, community adaptability, family life, and health and 
safety, which are closely related to the caregiver’s education 
level. The educational level of mothers may influence the 
manner in which individuals with ASD receive guidance for 

appear to be any differences in mean value between VAI 
and NVI both in the two groups, the reason may be mainly 
due to the highly heterogeneity in children with ASD. The 
hierarchical regression models indicate that verbal IQ has 
a significantly predictive effect on adaptive functioning for 
children with ASD, while nonverbal IQ has no significant 
association with adaptive functioning. Differences between 
verbal IQ and nonverbal IQ have been reported to be more 
frequent in children with ASD than in typical development 
(Ankenman, et al., 2014), thereby suggesting that differ-
ences in intelligence structure may be an important feature 
of ASD. The intelligence structure of children with ASD 
is often known to be unbalanced, with performance scores 
being greater than scores of verbal abilities and distinctive 
patterns seen in the subtests; children with ASD have been 
shown to have relatively good visuospatial ability, but poor 
verbal comprehension (Al-Mamari, et al., 2021; Cardillo, et 
al., 2018; Charman, et al., 2011). In fact, a recent study has 
shown that verbal IQ is most closely associated with low 
ASD symptom severity and that the correlations between 
performance IQ and IQ discrepancy were not significant 

Table 7 Contribution of socioeconomic factors, IQ, ASD severity and early signs of developmental abnormalities to ABAS-II practical skills
R2 ΔR2 B SE β t P

Step1 0.02 0.237
 Age 2.14 1.55 0.11 1.38 0.170
 Gender 4.57 3.81 0.10 1.20 0.232
Step2 0.10 0.08 0.006
 Paternal highest education -1.65 1.70 -0.10 -0.97 0.334
 Maternal highest education 7.25 2.25 0.29 3.22 0.002
 Family income 2.30 2.80 0.08 0.82 0.412
Step3 0.41 0.31 0.000
 FSIQ 0.50 0.06 0.57 8.72 0.000
Step4 0.48 0.07 0.000
 VAI 0.39 0.10 0.50 4.08 0.000
 NVI -0.21 0.20 -0.24 -1.03 0.306
Step5 0.49 0.00 0.428
 ADOS-Css -0.58 0.73 -0.05 -0.80 0.428
Step6-Total model 0.56 0.07 0.000
 Age 2.18 1.14 0.12 1.91 0.058
 Gender 4.04 2.72 0.09 1.48 0.141
 Paternal highest education -1.14 1.26 -0.07 -0.91 0.364
 Maternal highest education 3.46 1.70 0.14 2.04 0.043
 Family income 2.45 2.06 0.08 1.19 0.238
 FSIQ 0.38 0.22 0.44 1.68 0.095
 VAI 0.32 0.10 0.40 3.31 0.001
 NVI -0.28 0.20 -0.32 -1.42 0.159
 ADOS-Css -1.51 0.73 -0.14 -2.06 0.041
 Age of first walking unaided -1.40 0.37 -0.23 -3.78 0.000
 Age of first single words -0.01 0.15 -0.01 -0.05 0.959
 Age of first phrases -0.23 0.17 -0.14 -1.38 0.172
Durbin-Watson = 1.90
ASD: Autism Spectrum Disorder; FSIQ: full scale intelligence quotient; VAI: Vocabulary Acquisition Index; NVI: Nonverbal Index; ADOS-
Css: Autism Diagnostic Observation Schedule-Calibrated severity score
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for children above 4 years—and the diagnostic algorithms 
mainly contain the most abnormal conditions observed at 
4–5 years of age. Therefore, ADI-R cannot accurately reflect 
the current symptom severity of ASD for children with ASD 
aged above 4 years. To sum up, the present study argues that 
the severity of ASD symptoms has no significant contribu-
tion to the prediction of adaptive functioning.

Early Signs of Developmental Abnormalities and 
Adaptive Functioning

Our study on the relationship between early signs of devel-
opmental abnormalities and adaptive functioning revealed 
that the age of first walking unaided had an independent 
negative correlation with adaptive skills of ASD, whereas 
age of first single words and phrases failed to predict adap-
tive functioning. Age of first walking unaided was found 
to be an independent indicator of children’s motor devel-
opment, which implies that motor ability may have a sig-
nificant impact on adaptive functioning. The discrepancy in 
the motor skills of individuals with ASD may explain the 
variability in adaptive behaviors. A recent study has shown 
that poorer motor skills (especially manual dexterity) were 
closely associated with lower adaptive behaviors in children 
with ASD (Fears, et al., 2022). Age of first single words and 
phrases is closely related to expressive language rather than 
receptive language and, therefore, only partly reflects early 
language ability. However, an individual with ASD may 
have typical development in early expressive language, 
but poor understanding and acceptance of language, which 
could contribute to impairment in adaptive functioning. 
Moreover, in this study, we did not account for the devel-
opment of fine motor skills, and the potential role of motor 
skill difficulties in mediating impairment of adaptive func-
tioning in children with ASD warrants further exploration.

Strengths and Limitations

The current study is the first to examine cognitive-adaptive 
functioning gap in Chinese children with ASD. This study 
is unique in the following respects: (1) The impact of verbal 
IQ and nonverbal IQ on adaptive functioning were sepa-
rately analyzed to evaluate the IQ-adaptive functioning gap. 
(2) The study population was rigorously calibrated for age, 
age at diagnosis, and IQ. (3) The contributions of socioeco-
nomic factors, IQ, early signs of developmental abnormali-
ties, and ASD severity to adaptive functioning were further 
assessed to help develop strategies for clinical diagnosis 
and individualized intervention. However, only a few socio-
economic factors were included in this study. The family 
ecosystem and social support factors should be more sys-
tematically analyzed to interpret how socioeconomic factors 

daily life skills and may therefore influence both practical 
skills and overall adaptive skills. Researchers focusing on 
the association between language development and SES in 
ASD; their findings have found that maternal education level 
is significantly associated with variability in expressive and 
receptive language in preschoolers with ASD, with lower 
SES indicating lower language skills (Olson, et al., 2021). A 
recent study argues that SES may be closely correlated with 
parental wellbeing index and competency, which are factors 
that further influence adaptive ability in preschoolers with 
ASD (Mathew, et al., 2019). In light of the results of previ-
ous studies on the relationship between SES and adaptive 
behaviors, we family income and parental background as 
important factors in our study, instead of simply using the 
total score of SES. The disadvantages of using total percen-
tiles of SES as a measure of SES in individual with ASD has 
been shown previously (Hodge, et al., 2021). However, we 
were unable to evaluate other social support factors, such as 
family educational method and the degree of social support. 
Further systematic exploration is necessary to determine the 
impact of family ecosystem and social support factors on 
adaptive behavior in children with ASD.

ASD Severity and Adaptive Functioning

Some studies have reported an association between the 
severity of ASD and adaptive functioning (Golya & 
McIntyre, 2018; Kenworthy, et al., 2010), and evidence has 
shown that ASD children with greater severity and lower 
social interest exhibit more rapidly declining trajectories of 
adaptive abilities than their counterparts (Franchini, et al., 
2018). In our study, Although ASD severity was negatively 
correlated with social and practical skills in the total models, 
it did not contribute any significant variance for overall and 
domain-specific adaptive skills. A possible explanation for 
this is that verbal IQ was mainly relevant to low symptom 
severity, as discussed above, and the variance in ASD sever-
ity to account for adaptive skills was not significant when 
including verbal IQ. Our results are consistent with those 
of previous studies that have shown no significant correla-
tion between autistic symptomatology and adaptive ability 
(Ray-Subramanian, et al., 2011; Yang, et al., 2016), in the 
presence of strict calibration for differences in age and lan-
guage level. A previous longitudinal study revealed only a 
small yoking of developmental trajectories in autistic sever-
ity and adaptive behavior during the preschool years in ASD 
(Szatmari, et al., 2015), thereby suggesting that the correla-
tion between ASD severity and adaptive ability over time 
is complex. To rigorously explore the correlation between 
ASD severity and adaptive functioning, we used ADOS to 
evaluate symptom severity rather than ADI-R. ADI-R has 
two versions—one for children of 2–4 years and another 
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