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INTRODUCTION

Developmental disability (DD) refers to diverse group of 
conditions which show impairment in physical or cognitive 
development. DDs include autism spectrum disorder (ASD) 
and intellectual disability (ID), both of which are categorized 
under neurodevelopmental disorders in the International 
Classification of Diseases Eleventh Revision (ICD-11)1 and 
the Diagnostic and Statistical Manual of Mental Disorders, 
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Fifth Edition (DSM-5).2 According to ICD-11 and DSM-5, 
ASD is characterized by deficits in social interaction and 
communication, and restricted and repetitive patterns of be-
havior. Likewise, ID is characterized by deficits in intellectual 
and adaptive functioning that originate during the develop-
mental period, confirmed by clinical assessment and stan-
dardized tests.3

National Health Interview Survey in US from 2009 to 2017 
reported a 122.3% increase in ASD diagnosis and 25.8% in-
crease in ID diagnosis.4 With the increasing prevalence rate 
of DDs, early detection and intervention is of paramount im-
portance. For example, the symptoms of ASD can manifest as 
early as 12 to 24 months,5 and up to half of children with ASD 
were symptomatic at 24 months of age.6 Early diagnosis leads 
to early intervention, which is important in that more improve-
ments are observed in younger children.7,8

Despite increased recognition for early detection and inter-
vention in DDs, the longitudinal trajectories of DDs are less 
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clear. In ASD, symptoms are known to be relatively stable, but 
recent studies indicate that a minority of patients undergo 
improvements in core symptoms during childhood.9,10 The 
proportion of patients from a diverse cohort of children that 
improve varies from 5% to 27%.11,12 Specifically, 5% of children 
did not reach the Autism Diagnostic Observation Schedule 
(ADOS) autism threshold when followed until adulthood,13 
11% of the 2-to 6-year old children showed improving trajec-
tory,14 25% of 14- to 36-month children exhibited moderate 
improvement,15 and 27% of the 41-month to 10-year-old co-
hort showed continuous improvement based on ADOS Cali-
brated Severity Scores (CSS).16 On the other hand, in a meta-
analysis that assessed symptom trajectories of ID in subjects 
older than 8, it was found that the patients’ full-scale intellec-
tual quotient (FSIQ) remained relatively stable, except in 14% 
of subjects whose FSIQ changed by 10 points or more.17 In 
syndromic forms of ID, previous study reported that cogni-
tive decline was evident between ages 8–24 years.18 Declines 
in cognitive function were found in genetic disorders such as 
Fragile X syndrome, Down syndrome, and Williams syndrome, 
but not in others.19

Literature indicates that a subset of children shows differ-
ent trajectory compared to others, but distinguishing risk 
factors that affect future symptoms are challenging. Known 
predictors for persistent ASD symptoms include female sex, 
lower IQ, more severe autism symptoms, and poor language 
skills.13,14,20-22 As for ID, limited study explored clinical char-
acteristics that affect symptom trajectories. Available longitu-
dinal studies described that developmental status at childhood 
was a predictor of developmental status at young adulthood,23 
while sex or socioeconomic status was not.24

Although the mean age for the first visit is decreasing, and 
although predicting developmental trajectory is important, 
studies addressing the early trajectories of DD are limited. To 
address the gap in the literature, we aimed to evaluate the di-
agnostic stability of ASD and ID over time in preschool chil-
dren. In addition, we aimed to assess symptom trajectories 
based on diagnosis, and searched for baseline clinical char-
acteristics that affect future diagnosis.

METHODS

Participants and procedure
We retrospectively reviewed the electronic medical records 

of children who visited Department of Child and Adolescent 
Psychiatry at Asan Medical Center in Seoul, Korea, from June 
2008 to June 2016. Asan Medical Center is one of the largest 
tertiary hospital in Korea, and referral from primary physi-
cians is mandatory in order to visit the clinic. Children who 
were referred for possible DD between age 2 and 4 years, and 

who were assessed with relevant psychological tests were re-
viewed. Only the children who received psychological tests at 
least twice were included, resulting in a total of 192 children. 

Psychiatric diagnoses were confirmed retrospectively based 
on the electronic medical records and psychological tests by 
experienced child and adolescent psychiatrists. Electronic 
medical records included detailed descriptions based on the 
Diagnostic and Statistical Manual of Mental Disorders, Fourth 
Edition (DSM-IV) or DSM-5.2 Information acquired from psy-
chological tests was also referred to, but the diagnosis was es-
tablished mainly clinically, on the basis of DSM-IV or DSM-5. 
A consensus meeting was held to confirm the diagnosis when 
the results were equivocal. Children with ID could be concur-
rently diagnosed with ASD. Diagnoses were assessed once at 
baseline, which was between ages 2 and 4, and at follow-up, 
which was between ages 4 and 6. Demographic and clinical 
characteristics such as age at baseline evaluation, sex, birth 
weight, family history of DD and known genetic mutation were 
retrospectively obtained through electronic medical chart re-
view. The study was approved by the Institutional Review 
Board (IRB) for human subjects at the Asan Medical Center, 
University of Ulsan College of Medicine (no. 2018-0530).

Assessments and measures 
Developmental profiles were assessed by relevant psycho-

logical tests. Psychoeducational Profile-Revised (PEP-R),25 
originally designed for children with autism, was used to mea-
sure developmental age of the children. Developmental age 
was then converted to developmental quotient ([developmen-
tal age/chronological age]×100). In addition, Vineland Social 
Maturity Scale (VSMS) was administered,26 which estimates 
various areas of personal and social functioning in children. 
Social age was obtained, and social quotient was calculated 
([social age/chronological age]×100). Beery-Buktenica De-
velopmental Test of Visual Motor Integration (VMI) consists 
of a series of line drawings which tests the ability to coordi-
nate visual and motor abilities.27 Raw VMI scores were trans-
formed into standardized scores which have a mean of 100 
and a standard deviation of 15. Childhood Autism Rating Scale 
(CARS) was administered to measure autism symptomatolo-
gy, and the total score was used for analysis.28 CARS consists 
of 15 items with score range from 1 to for, where higher score 
indicate worse severity. 

Statistical analysis
The univariate random coefficients model was used to de-

termine whether change of developmental profiles over time 
differed significantly according to the presence of ASD or ID 
diagnosis at age follow-up. The results were illustrated as a 
time-score plot, where the growth of each developmental pro-
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files was shown. Subsequently, the multivariable random co-
efficients model was fitted by including time, diagnosis at fol-
low-up, family history, and birth weight as fixed effects and 
patient and interaction between patient and time as random 
effects. Interaction term between time and covariates were 
included as fixed effects if it was significant in the univariate 
model. Finally, multivariable logistic regression model using 
backward elimination was built to identify variables that were 
associated with ASD or ID diagnosis at follow-up. All statis-
tical analyses were performed using the Statistical Analysis 
System (SAS), version 9.4 (SAS Institute, Cary, NC, USA). 

RESULTS

Demographic and clinical characteristics of the children 
are shown in Table 1. A total of 192 children (146 boys, 76.0%) 
were included in this study. The mean age at baseline evalua-
tion was 36.4±11.4 months and mean birth weight was 3.1± 
0.5 kg. Family history of psychiatric disorder was observed 
in 16.1% (n=31) of the total children. Known genetic muta-
tion was observed in five children (2.6%), which included 
Down syndrome (n=1), Prader–Willi syndrome (n=1), frag-
ile X syndrome (n=1), chromosomal translocation t(11;18)
(q24.2;q21.3) (n=1), and Tetrasomy 15q (n=1). A total of 143 
children were diagnosed with ASD, 112 with ID, and 96 with 
both ASD and ID.

Change of diagnosis at baseline and follow-up are present-
ed in Table 2. There were 134 children (69.8%) who had stable 
diagnosis of ASD at baseline and at follow-up. Meanwhile, 9 
children (4.7%) who were initially diagnosed as ASD were no 
longer diagnosed as ASD at follow-up, and 10 children (5.2%) 
who were not diagnosed as ASD at baseline were newly diag-
nosed as ASD at follow-up. As for ID, 88 children (45.8%) had 
a stable diagnosis of ID at baseline and at follow-up. Mean-
while, 24 children (12.5%) who were initially diagnosed as ID 
were no longer diagnosed as ID at age follow-up, and 34 chil-
dren (17.7%) who were not diagnosed as ID at baseline were 
newly diagnosed as ID at follow-up. When compared to ASD, 
ID diagnosis at baseline showed more frequent improvement at 
follow-up (ASD 4.7% and ID 12.5%, p=0.005; McNemar’s test).

Trajectories of developmental profiles over time according 
to ID diagnosis at follow-up are illustrated in Figure 1. The 
change of PEP-R, VSMS and VMI scores over time were sig-
nificantly different between the ID and the non-ID group (time-
by-group interaction p-value; p<0.001, p<0.001, and p=0.004, 
respectively). The change of CARS score over time did not 
show significant difference between the ID and the non-ID 
group (p=0.185). When the trajectories of PEP-R, VSMS, VMI 
and CARS scores over time were compared according to ASD 
diagnosis at follow-up, no significant differences were observed 

between the ASD and the non-ASD group (time-by-group 
interaction p-value; p=0.121, p=0.363, p=0.623, and p=0.818, 
respectively). 

As shown in Table 3, multivariable random coefficients 
model was built for each of the developmental profiles. Fam-
ily history of DD, birth weight, ASD diagnosis at follow-up, 
ID diagnosis at follow-up, and time were included as an inde-
pendent variable. Significant time-by-group interaction be-

Table 1. Demographic and clinical characteristics of the partici-
pants (N=192)

Variables Value
Age at baseline evaluation (mo) 36.4±11.4
Sex, boy 146 (76.0)
Birth weight (kg) 3.1±0.5
Family history of developmental disorder

Negative 159 (82.8)
One relative, first-degree 18 (9.4)
One relative, other than first-degree 10 (5.2)
Multiple relatives   3 (1.6)
Known genetic mutation   5 (2.6)

Diagnosis at baseline
ASD 143 (74.5)
ID 112 (58.3)
ADHD 18 (9.4)
Language disorder   26 (13.5)

Developmental profile at baseline
PEP-R (N=127)* 57.2±22.7
VSMS (N=146)† 66.2±16.3
VMI (N=107)‡ 57.1±23.0
CARS (N=136)§ 29.5±6.9

Values are presented as mean±standard deviation or number (%). 
*developmental quotient=(developmental age/chronological age)× 
100; †social quotient=(social age/chronological age)×100; ‡mean of 
100 and standard deviation of 15; §cutoff score ≥30. ASD, autism 
spectrum disorder; ID, intellectual disability; ADHD, attention-def-
icit/hyperactivity disorder; PEP-R, Psychoeducational Profile-Re-
vised; VSMS, Vineland Social Maturity Scale; VMI, Beery-Bukteni-
ca Developmental Test of Visual Motor Integration; CARS, Childhood 
Autism Rating Scale

Table 2. Change of diagnosis at baseline and follow-up

ASD at follow-up No ASD at follow-up
ASD at baseline 134 (69.8) 9 (4.7)
No ASD at baseline 10 (5.2) 39 (20.3)

ID at follow-up No ID at follow-up
ID at baseline   88 (45.8) 24 (12.5)
No ID at baseline   34 (17.7) 46 (24.0)
Values are presented as number (%). ASD, autism spectrum disor-
der; ID, intellectual disability
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tween ID and non-ID group was observed in PEP-R, VSMS, 
and VMI scores (p<0.001, p<0.001, and p=0.003, respective-
ly). When separate model was built, the presence of ASD di-

agnosis at follow-up had no significant time-by-group inter-
action in PEP-R, VSMS, VMI, and CARS scores.

Table 4 displays the results of logistic regression analysis 
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Figure 1. Trajectory of developmental profiles in children with and without ID at follow-up. Time-by-group p-values are presented in the fig-
ure. PEP-R, Psychoeducational Profile-Revised; VSMS, Vineland Social Maturity Scale; VMI, Beery-Buktenica Developmental Test of Visu-
al Motor Integration; CARS, Childhood Autism Rating Scale; ID, intellectual disability.

Table 3. Multivariable random coefficients model of developmental profiles

PEP-R (N=174) VSMS (N=190) VMI (N=165) CARS (N=190)
B p p* B p p* B p p* B p p*

Family history 1.919 0.616 1.551 0.590 0.794 0.846 0.274 0.769
Birth weight -0.969 0.854 -3.671 0.370 4.501 0.444 -0.846 0.537
ASD at follow-up 11.980 <0.001 9.120 <0.001 5.896 0.090 -10.054 <0.001
ID at follow-up -17.570 0.078 2.093 0.606 2.829 0.698 -3.601 <0.001
Time 0.946 <0.001 <0.001 0.263 <0.001 <0.001 0.603 <0.001 0.003 0.002 0.858 -
*the p-values for (time)×(ID at follow-up) are presented. ASD, autism spectrum disorder; ID, intellectual disability; PEP-R, Psychoeducational 
Profile-Revised; VSMS, Vineland Social Maturity Scale; VMI, Beery-Buktenica Developmental Test of Visual Motor Integration; CARS, Child-
hood Autism Rating Scale; -, not applicable
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for predicting diagnosis at follow-up. In the univariate analy-
sis for predicting ASD at follow-up, diagnosis of ASD, ID, at-
tention-deficit/hyperactivity disorder (ADHD), and language 
disorder at baseline (p<0.001, p<0.001, p=0.035, and p<0.001, 
respectively) and PEP-R, VSMS, and CARS scores at baseline 
(p<0.001, p=0.001, and p<0.001, respectively) showed signifi-
cant association. In contrast, the age at baseline evaluation, 
sex, birth weight, family history, presence of known genetic 
mutation, and VMI score at baseline did not show a signifi-

cant association. In the final multivariate model, ASD diag-
nosis at baseline and CARS score at baseline were significant-
ly associated with ASD at follow-up (OR, 17.59; 95% confidence 
interval [CI], 4.56 to 67.83; p<0.001 and OR 1.20; 95% CI, 
1.05 to 1.36; p=0.007, respectively). The same independent 
variables and modeling were used for predicting ID diagnosis 
at follow-up. In the univariate analysis, diagnosis of ID and lan-
guage disorder at baseline (p<0.001, p=0.044), PEP-R, VSMS, 
VMI, and CARS scores at baseline (p<0.001, p<0.001, p<0.001, 

Table 4. Logistic regression for predicting diagnosis at follow-up

Univariate Multivariate
Odds ratio 95% CI (lower, upper) p Odds ratio 95% CI (lower, upper) p

Diagnosis of ASD at follow-up
Age at baseline evaluation 1.011 0.972, 1.051 0.590
Girl 0.829 0.365, 1.881 0.654 
Birth weight (<2.5 kg) 0.508 0.152, 1.699 0.271 
Family history 0.785 0.311, 1.986 0.610 
Known genetic mutation 0.183 0.016, 2.079 0.171 
Baseline diagnoses

ASD 73.571 24.110, 224.501 <0.001 17.585 4.559, 67.830 <0.001
ID 3.946 1.857, 8.384 <0.001
ADHD 0.288 0.091, 0.916 0.035 
Language disorder 0.058 0.020, 0.170 <0.001

Baseline developmental profiles
PEP-R 0.971 0.954, 0.989 <0.001
VSMS 0.960 0.938, 0.984 0.001 
VMI 0.987 0.970, 1.005 0.144 
CARS 1.404 1.260, 1.564 <0.001 1.197 1.051, 1.362 0.007 

Diagnosis of ID at follow-up
Age at baseline evaluation 0.987 0.952, 1.024 0.495
Girl 0.887 0.415, 1.898 0.758 
Birth weight (<2.5 kg) 1.349 0.388, 4.697 0.638 
Family history 1.209 0.496, 2.946 0.676 
Known genetic mutation - - >0.999
Baseline diagnoses

ASD 1.390 0.677, 2.856 0.370 
ID 4.714 2.345, 9.476 <0.001
ADHD 0.741 0.236, 2.323 0.607 
Language disorder 0.401 0.165, 0.974 0.044 

Baseline developmental profiles
PEP-R 0.960 0.942, 0.978 <0.001
VSMS 0.932 0.906, 0.958 <0.001 0.953 0.923, 0.985 0.004 
VMI 0.945 0.921, 0.969 <0.001 0.971 0.947, 0.995 0.019 
CARS 1.082 1.027, 1.139 0.003 

ASD, autism spectrum disorder; ID, intellectual disability; ADHD, attention-deficit/hyperactivity disorder; PEP-R, Psychoeducational Pro-
file-Revised; VSMS, Vineland Social Maturity Scale; VMI, Beery-Buktenica Developmental Test of Visual Motor Integration; CARS, Child-
hood Autism Rating Scale; CI, confidence interval; -, not applicable
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and p=0.003, respectively) were significantly associated with 
ID at follow-up. In contrast, age at baseline evaluation, sex, 
birth weight, family history, presence of known genetic mu-
tation, and diagnosis of ASD and ADHD at baseline did not 
show significant association. In the final multivariate model, 
VSMS and VMI scores at baseline were significantly associat-
ed with ID at follow-up (p=0.004 and p=0.019, respectively).

DISCUSSION

We investigated the early childhood trajectories of DD in a 
clinical sample of children by retrospective chart review. A 
majority of ASD and ID diagnosis were stable, but a subset of 
children no longer fulfilled the diagnostic criteria at follow-
up. Changes in developmental profiles were assessed accord-
ing to the presence of diagnosis at follow-up. Children with-
out ID at follow-up exhibited significant improvement over 
time in PEP-R, VSMS, and VMI scores compared to children 
with ID at follow-up. On the other hand, both children with 
ASD and without ASD at follow-up did not show significant 
difference in PEP-R, VSMS, VMI, and CARS scores over time. 
Variables that predicted diagnosis of ASD at follow-up in-
cluded baseline diagnosis of ASD and baseline CARS score, 
while diagnosis of ID at follow-up were predicted by baseline 
VSMS and VMI scores. 

On assessing the diagnostic stability, we found that 70% of 
ASD and 46% of ID diagnosis remained stable. However, we 
noted that 5% of children were no longer diagnosed as ASD 
at follow-up, and 13% of children were no longer diagnosed 
as ID at follow-up. The proportion of children who lost their 
diagnosis in our study are comparable to studies that assessed 
clinical diagnosis, where 3% to 5% of children received non-
spectrum diagnosis during follow-up.13,29 We note that a change 
in diagnosis can be a conservative measure of improvement, 
considering that 20% to 30% of these patients show improv-
ing trend on ADOS CSS.15,16 As for ID, the diagnosis is known 
to be stable over a lifetime. In a meta-analysis conducted in 
patients with mild ID, the mean correlation coefficient for 
FSIQ was 0.82 during a 3-year follow-up period.17 However, 
studies that assessed the diagnostic change of ID before the 
age of 6 are limited. In a study conducted in children with ID, 
the correlation coefficient for FSIQ was 0.67 between 48 months 
and 91 months of age,30 suggesting larger variability of intel-
lectual abilities in younger children.31 Our study indicates that 
in younger children, a diagnosis of ID may undergo more than 
twice as many changes compared to ASD. It is possible that 
children diagnosed with ID between ages 2 and 4 can im-
prove intellectually and adaptively over time, but it may also 
be that the assessment made in younger children are inaccu-
rate and are false positives. Considering that diagnosis in our 

study was based on a retrospective chart review, further veri-
fication is essential in a prospective cohort of children where 
the diagnosis is more reliable and valid. 

In this study, children without ID at follow-up showed im-
provement of developmental profiles over time, compared to 
children with ID at follow-up. The improved developmental 
profiles included PEP-R, VSMS, and VMI, which measures 
developmental age, adaptive function and visual-motor skill, 
respectively. Generally, stability of IQ is known to be high in 
school-age children with normal development.32 Similarly, 
children with ID showed high correlation (r=0.7) between 
IQ measured at 49 months and 88 months of age.30 However, 
previous studies were limited to older children, and did not as-
sess measures other than IQ. Our results suggest that in chil-
dren before age of 6, a subgroup of children’s cognitive and 
adaptive function may improve, and that children who pres-
ent with ID at age 2 may not be a single homogenous group 
who have stable trajectory. 

Given that the diagnosis at follow-up may influence devel-
opmental trajectory, we sought to investigate baseline clinical 
variables that was associated with diagnosis at follow-up. In 
the multivariate analysis, baseline VSMS and VMI scores, 
rather than baseline diagnosis of ID, were significantly asso-
ciated with ID diagnosis at follow-up, indicating that the ex-
tent of impairment in cognitive and adaptive function at base-
line may be important in predicting ID diagnosis at follow-up. 
Previous studies reported that when IQ was lower, IQ was 
more stable, supporting the findings from our study.17,33 The 
association between developmental profile scores and future 
ID diagnosis suggests that measuring the specific extent of 
adaptive functioning and visual-motor skill at young age can 
have more implications than merely assessing clinical diagno-
sis at that moment. 

As for ASD, baseline diagnosis of ASD and baseline CARS 
score were significantly associated with diagnosis of ASD at 
follow-up, suggesting that factors that influence follow-up di-
agnosis is different between ASD and ID. Odds ratio from the 
univariate analysis and survival of ASD and CARS score in 
the multivariate analysis suggest that autism symptomatolo-
gy at baseline is more important than other variables in pre-
dicting future ASD diagnosis. This finding is in agreement with 
the high diagnostic stability of ASD reported in this study and 
previous studies.13,29 We note that, this does not necessarily 
mean that cognitive functioning at baseline is unrelated to 
ASD diagnosis at follow-up, considering the significant asso-
ciation of baseline PEP-R and VSMS scores with ASD diag-
nosis at follow-up in the univariate analysis. Moreover, previ-
ous results indicate that children with improved ASD symptom 
had higher IQ than children without.22,34

Potential limitations of our study need to be addressed. 
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First, this study was based on a single tertiary hospital, and 
thus may not represent a sample from a general population. 
Moreover, children who were assessed at least twice were in-
cluded, which may lead to a bias in the sample. Second, the 
sample size of 192 is modest compared to previous studies 
which assessed developmental trajectory of DDs such as ASD. 
Third, a retrospective chart review was conducted. Therefore, 
the child could not be observed directly, and the caregivers 
could not be questioned to gather relevant information on the 
child. This may have resulted in decreased accuracy of the di-
agnosis. In addition, developmental profiles were assessed as 
a part of clinical procedure, and were not based on systemat-
ic research protocols, which led to variability in the type and 
number of tests administered. Fourth, developmental profiles 
were also utilized when establishing a diagnosis, which could 
have an impact on the study results. Fifth, information on ther-
apeutic interventions was not available, which could have a 
profound impact on the developmental outcome of the children. 

Despite these caveats, the strengths of our study come from 
the assessment of developmental trajectory in young children 
with DD. In addition to the developmental profiles assessed, 
a clinical evaluation and diagnosis was done by experienced 
child and adolescent psychiatrists, allowing to explore factors 
associated with diagnosis between age 4 and 6. 

In conclusion, our results highlight that while a majority of 
ASD and ID diagnosis are stable, a minority of children lose 
their clinical diagnosis during the follow-up period. Initial di-
agnosis of ASD between age 2 and 4 showed higher stability 
than ID diagnosis, indicating that ID diagnosis are subject to 
more change as a child grows up. Baseline autism symptom-
atology was associated with ASD at follow-up, and baseline 
adaptive and visuo-motor function was associated with ID at 
follow-up.
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