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ARTICLE INFO ABSTRACT

Keywords: Background: The mental health of children and adolescents with autism spectrum disorder (ASD) is a concern of
Autism recent years. However, a large-scale longitudinal study investigating the risk and the time course of subsequent
Tlm_e course. psychiatric comorbidities is still lacking.

Schizophrenia

Methods: Using the Taiwan National Health Insurance Research Database, 13,382 children and adolescents with
ASD, and 53,528 age- and sex-matched non-ASD controls were enrolled between 2001 and 2009, and followed to
the end of 2011. The adjusted hazard ratio (HR) with a corresponding 95 % confidence interval for psychiatric
comorbidities among children and adolescents with ASD vs matched controls was estimated. The subjects who
developed schizophrenia, bipolar disorder, depressive disorder, anxiety disorder, and obsessive-compulsive
disorder (OCD) were identified during the follow-up.

Results: Children and adolescents with ASD compared with controls were more likely to be diagnosed with
schizophrenia (19.21; 13.74, 26.88), bipolar disorder (17.59; 12.66, 24.44), depressive disorder (5.56; 4.72,
6.56), anxiety disorder (5.01; 4.49, 5.59), and OCD (16.12; 11.66, 22.30) later in life. The time course of sub-
sequent psychiatric comorbidity showed that anxiety disorder occurred first, usually in late childhood, with
psychotic and affective disorders proceeding in adolescence. Those with ASD and anxiety disorder had an
additionally increased likelihood of developing subsequent psychiatric comorbidity compared with those with
ASD only.

Limitation: In claims data analysis, clinical parameters or possible confounders may not be fully captured.
Conclusion: Patients with ASD are predisposed to the development of anxiety disorder in late childhood, as well as
schizophrenia, bipolar disorder, depressive disorder, and OCD in adolescence.

Bipolar disorder
Depressive disorder
Anxiety disorder

1. Introduction

Autism spectrum disorder (ASD) is a neurodevelopmental disorder
characterized by impaired social communication and restricted repeti-
tive behaviors or interests. It is estimated to affect almost 1 % of the
population (Baird et al., 2006), with a lifelong persistence of core
symptoms due to the early-onset nature and lack of effective treatment.

Individuals with ASD often require additional educational, social, and
medical services to manage their symptoms. However, the comorbidity
of psychiatric disorders with ASD can further impair the individual’s
social, occupational, and other important areas of life (Berkovits et al.,
2017; Rosen et al., 2018). Therefore, understanding the interrelatedness
and coexistence of psychiatric comorbidity with ASD is vital. Research
has shown that individuals with ASD are more likely to develop
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comorbid psychiatric disorders than the general population (Lai et al.,
2019; Selten et al., 2015; Zheng et al., 2018).

A meta-analysis by Lai et al. estimated that the prevalence of co-
occurring psychiatric disorders in individuals with ASD ranged from 4
% to 28 %, with anxiety disorder being the most common diagnosis (Lai
et al., 2019). Anxiety disorders affect approximately 27—-40 % of school-
age children with ASD, which is twice that of neurotypical children
(Beesdo et al., 2009; Costello et al., 2005; Simonoff et al., 2008; Gadow
et al., 2005; van Steensel et al., 2013). Furthermore, certain psychiatric
disorders, such as psychotic disorders and bipolar disorder (BD), are
highly associated with the diagnosis of ASD (Selten et al., 2015).
Simonoff et al. reported that over 70 % of children with ASD met the
criteria for at least one additional psychiatric disorder, and 41 % had
two or more additional disorders as early as aged 12 (Simonoff et al.,
2008). These studies suggest that ASD and certain psychiatric disorders
may share several risk factors.

Understanding the risks of psychiatric disorders in individuals with
ASD is critical for evaluating mental health and providing appropriate
services, especially in children and adolescents when the likelihood of
developing these conditions increases. Lai et al.’s meta-analysis also
emphasized the importance of timeframe and the moderator effect of
age on the prevalence of psychiatric comorbidities (Lai et al., 2019).
Thus, the current study aims to examine the risks of psychiatric disorders
in a representative sample of children and adolescents with ASD and
determine whether the early development of anxiety disorder in ASD
can influence the risks of subsequent psychiatric comorbidity.

2. Methods and materials
2.1. Data source

Taiwan’s National Health Insurance—a mandatory universal health
insurance program—was implemented in 1995 and covers up to 99 % of
the country’s 23 million residents. The National Health Research Insti-
tute audits and releases the National Health Insurance Research Data-
base (NHIRD) for scientific and study purposes (Huang et al., 2021;
Liang et al., 2020). Individual medical records included in the NHIRD
are anonymous to protect personal privacy. Comprehensive information
on insured individuals is included in the database, including de-
mographic data, dates of clinical visits, and disease diagnoses. The
diagnostic codes used are based on the International Statistical Classifi-
cation of Diseases and Related Health Problems (9th ed.; ICD-9). The
NHIRD has been used extensively in many epidemiologic studies in
Taiwan (Chen et al., 2015; Chen et al., 2016; Li et al., 2012; Shen et al.,
2013). The Institutional Review Board of Taipei Veterans General Hos-
pital approved this study (2018-07-016 AC).

2.2. Inclusion criteria for children and adolescents with ASD and the
control group

Children aged <12 years and adolescents aged 13-17 years with a
diagnosis of ASD (ICD-9-CM code: 299) given by board-certificated
psychiatrists based on clinical judgment and a psychiatric interview
between January 1, 2002, and December 31, 2009, were utilized for this
study. All had no history of schizophrenia, BD, depressive disorder,
obsessive-compulsive disorder (OCD), and anxiety disorder before
enrollment as an ASD cohort; the time of ASD diagnosis was defined as
the time of enrollment. The age-, sex-, and time of enrollment-matched
(1:4) control cohorts were randomly selected after eliminating those
who had been given a diagnosis of ASD at any time, and those with
schizophrenia (ICD-9-CM code: 295.X), BD (ICD-9-CM codes: 296.0x,
296.1x, 296.4x, 296.5%, 296.6%, 296.7x, 296.80, 296.81, 296.89),
depressive disorder (ICD-9-CM code: 296.2x, 296.3x, 300.4, 311), OCD
(ICD-9-CM code: 300.3), and anxiety disorder (ICD-9-CM code: 300.X
except 300.3 and 300.4) prior to enrollment. Individuals who developed
schizophrenia, BD, depressive disorder, OCD, and anxiety disorder
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during the follow-up period from enrollment to December 31, 2011 (or
the date of death) were identified. The level of urbanization (level 1 to
level 5; level 1 = most urbanized; level 5 = least urbanized) was also
assessed (Liu et al., 2006).

2.3. Statistical analysis

For between-group comparisons, the F-test was utilized for contin-
uous variables, and Pearson’s X? test for nominal variables, where
appropriate. Kaplan-Meier survival curves with log-rank tests were
performed to compare the survival curves of the two groups. The Cox
regression model was used to investigate the hazard ratios (HRs), with
95 % CIs of developing schizophrenia, BD, depressive disorder, OCD,
and anxiety disorder after adjusting for demographic data (age, sex,
level of urbanization). Subanalyses stratified by ASD age were also
performed to clarify the risks of subsequent psychiatric comorbidities at
different ages of ASD patients. In addition, the relationship between the
diagnosis of anxiety disorder with ASD and the risks of subsequent
psychiatric comorbidities was further investigated. All data processing
and statistical analyses were performed using the Statistical Package for
Social Science (SPSS, V.17) software (SPSS Inc.) and Statistical Analysis
Software (SAS, V.9.1) (SAS Institute, Cary, NC).

3. Results

In all, 13,382 children and adolescents, and 53,528 matched controls
were included, with a male predominance (83.1 % vs. 16.9 %). The ASD
cohort had higher incidences of subsequent comorbidities, including
schizophrenia (1.5 % vs. 0.1 %, p < 0.001), BD (1.6 % vs. 0.1 %, p <
0.001), depressive disorder (2.8 % vs. 0.5 %, p < 0.001), OCD (1.5 % vs.
0.1 %, p < 0.001), and anxiety disorder (5.8 % vs. 1.3 %, p < 0.001) than

Table 1
Demographic data and incidence of subsequent psychiatric disorders among
patients with ASD and controls.

Patients with Controls P
ASD n=
(n=13,382) 53,528)
Age (years, SD) 6.96 (4.20) 6.96 (4.24) 0.937
Sex (n, %) 1.000
Male 11,118 (83.1) 44,472
(83.1)
Female 2264 (16.9) 9056 (16.9)
Incidence of subsequent psychiatric
disorders
Anxiety disorder (n, %) 772 (5.8) 673 (1.3) <0.001
Age onset (years, SD) 10.80 (4.46) 11.03 0.360
(5.00)
OCD (n, %) 200 (1.5) 49 (0.1) <0.001
Age onset (years, SD) 13.84 (3.80) 14.38 0.381
(4.13)
Schizophrenia (n, %) 203 (1.5) 45 (0.1) <0.001
Age onset (years, SD) 15.24 (4.19) 16.42 0.087
(4.22)
Bipolar disorder (n, %) 213 (1.6) 47 (0.1) <0.001
Age onset (years, SD) 13.76 (4.24) 15.67 0.008
(5.26)
Depressive disorder (n, %) 373 (2.8) 279 (0.5) <0.001
Age onset (years, SD) 14.50 (3.63) 16.43 <0.001
(4.04)
Level of urbanization (n, %) <0.001
1 (most urbanized) 2420 (18.1) 15,251
(28.5)
2 4112 (30.7) 16,338
(30.5)
3 941 (7.0) 9701 (18.1)
4 900 (6.7) 7412 (13.8)
5 (most rural) 5009 (37.4) 4826 (9.0)

ASD: autism spectrum disorder; SD: standard deviation; OCD: Obsessive-
compulsive disorder.
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the controls (Table 1). Compared with the controls, patients with ASD
had an earlier age of developing BD (13.76 + 4.24 vs. 15.67 + 5.26
years, p = 0.008), and depressive disorder (14.50 + 3.63 vs. 16.43 +
4.04 years, p < 0.001) (Table 1), while the ages of developing anxiety
disorder (10.80 + 4.46 vs. 11.03 + 5.00 years, p = 0.360), OCD (13.84
+ 3.80 vs. 14.38 + 4.13 years, p = 0.381), and schizophrenia (15.24 +
4.19 vs. 16.42 + 4.22 years, p = 0.087) did not differ between these two
groups (Table 1). Fig. 1 demonstrated the time course of subsequent
psychiatric comorbidities among patients with ASD.

Children and adolescents with ASD were prone to developing
schizophrenia (HR: 19.21, 95 % CI: 13.74-26.88), BD (HR: 17.59, 95 %
CI: 12.66-24.44), depressive disorder (HR: 5.56, 95 % CI: 4.72-6.56),
OCD (HR: 16.12, 95 % CI: 11.66-22.30), and anxiety disorder (HR: 5.01,
95 % CI: 4.49-5.59) later in life compared with the controls (Table 2).
Subanalyses stratified by ASD age indicated consistent findings.

Comorbidity of anxiety disorder with ASD was associated with
additionally elevated risks of subsequent comorbidities, including
developing schizophrenia (HR: 3.39, 95 % CI: 2.40-4.78), BD (HR: 2.49,
95 % CI: 1.72-3.59), depressive disorder (HR: 3.89, 95 % CI: 3.05-4.96),
and OCD (HR: 4.59, 95 % CI: 3.34-6.30) (Table 3).

4. Discussion

Children and adolescents with ASD were found to be at greater risk of
developing schizophrenia, BD, depressive disorder, and OCD than the
control group. In terms of the time course of psychiatric disorders, in-
dividuals with ASD are more likely to develop BD and depressive dis-
order at an earlier age, although no similar trend is observed for other
co-occurring psychiatric disorders. Among psychiatric comorbidities,
anxiety disorders tend to occur first in childhood, with other psychiatric
disorders following in adolescence. Compared to people with ASD alone,
the diagnosis of anxiety disorder solely increased the likelihood of
subsequent psychiatric comorbidities during subanalysis. These findings
are consistent with previous studies that have suggested anxiety disor-
der may be an important prognostic factor in children with ASD (Mon-
tazeri et al., 2019; Pearcey et al., 2021) or as a specific phenotype (Wood
and Gadow, 2010). To our knowledge, this is the first large longitudinal
cohort study to use a nationwide database to reveal the risks and time
course of psychiatric comorbidity in an Asian sample, as well as to
illustrate the influences of anxiety disorder in ASD.

The results presented in this manuscript support previous research
indicating that individuals with autism spectrum disorder (ASD) are at a
greater risk of comorbid psychiatric disorders. Zheng et al.’s meta-

Controls
n=53528

6.96 y/o
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Table 2
Cox regression models of developing subsequent psychiatric disorders among
patients with ASD and controls.

Children
(HR, 95 % CI)

Adolescents All
(HR, 95 % CI) (HR, 95 % CI)

Anxiety disorder ~ 4.98 (4.41-5.62) 5.27 (4.02-6.91) 5.01 (4.49-5.59)
OCD 13.84 20.68 16.12
(9.30-20.58) (11.72-36.49) (11.66-22.30)
Schizophrenia 14.27 25.25 19.21
(9.08-22.43) (15.23-42.15) (13.74-26.88)
Bipolar disorder 21.28 12.95 17.59
(13.74-32.94) (7.83-21.44) (12.66-24.44)
Depressive 5.33 (4.25-6.69) 5.88 (4.60-7.52) 5.56 (4.72-6.56)
disorder

ASD: autism spectrum disorder; HR: hazard ratio; CI: confidence interval;
Obsessive-compulsive disorder. Bold indicates statistical significance (p < 0.05).

Table 3
Cox regression models of developing subsequent psychiatric disorders among
ASD patients with/without anxiety disorder.

OCD Schizophrenia
(HR,95%CI)  (HR, 95 % CI)

Bipolar
disorder
(HR, 95 % CI)

Depressive
disorder
(HR, 95 % CI)

Anxiety
disorder
Absence 1 1 1 1
Presence 4.59 3.39 2.49 3.89

(3.34-6.30) (2.40-4.78) (1.72-3.59) (3.05-4.96)

ASD: autism spectrum disorder; HR: hazard ratio; CI: confidence interval; OCD:
obsessive compulsive disorder. Bold indicates statistical significance (p < 0.05).

analyses found that the odds ratio for schizophrenia was 3.55 in in-
dividuals with ASD, with a prevalence ranging from 3.4 % to 52 %
(Zheng et al., 2018). Mouridsen et al.’s study followed 89 children with
ASD for 36.9 years and found that 31 were diagnosed with spectrum
disorders of schizophrenia and 10 with affective disorders (Mouridsen
et al., 2008). Selten et al.’s case-control study demonstrated a 10-fold
higher risk for nonaffective psychotic disorder and a six-fold higher
risk for BD in adolescents with ASD compared to controls (Selten et al.,
2015). Previous whole-genome studies have provided evidence of
overlapping genetic etiology between ASD, BD, and schizophrenia, with
heritability estimated at least 80 % for these disorders (Carroll and
Owen, 2009). However, Vorstman et al.’s study revealed only a low
genetic correlation between ASD and schizophrenia and a non-

—

6.96 y/o

HR=5.01

ASD
n=13382

HR=16.12

HR=17.59

HR=5.56 HR=19.21

Fig. 1. Illustration of study design and time course of subsequent psychiatric comorbidities among patients with ASD.
ASD: autism spectrum disorder; OCD: obsessive compulsive disorder; HR: hazard ratio.
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significant correlation between ASD and BD using polygenic risk scores
(Vorstman et al., 2013).

Our current study found increased hazards for schizophrenia (HR:
19.21) and BD (HR: 17.59) in children (<12 years old) and adolescents
(13-17 years old) with ASD, which is consistent with Selten et al.’s
findings (Selten et al., 2015). Furthermore, our study identified
increased hazards for depressive disorder (HR: 5.56), OCD (HR: 16.12),
and anxiety disorder (HR: 5.01) in the ASD population, which is in line
with Lai et al.’s previous study (Lai et al., 2019). However, diagnosing
major mental disorders, such as schizophrenia and BD, in children or
young adolescents with ASD may be challenging due to diagnostic
overshadowing, which is a diagnostic bias attributing feature symptoms
of other psychiatric disorders to pre-existing ASD (Rosenberg et al.,
2011). Moreover, the misdiagnosed rate of ASD is 0.6 % in Taiwan,
which is much lower than previously reported (Chang et al., 2003;
Davidson et al., 2014). In brief, our findings highlight the importance of
carefully assessing the core symptoms of psychopathological phenom-
ena while considering the mental comorbidity in children with ASD.
Psychiatrists should be aware of the increased risk of comorbid psy-
chiatric disorders in this population and tailor their diagnostic approach
accordingly (Fusar-Poli et al., 2022).

The early onset of anxiety disorders in ASD is a clinically important
finding of this study. Our results suggest that anxiety disorders tend to
emerge in late childhood, preceding the onset of psychotic and affective
disorders in adolescence. Similar findings were also reported in the
siblings or broader autism phenotype of individuals with ASD (Jokir-
anta-Olkoniemi et al., 2016). Age has been shown to moderate the
prevalence of comorbid psychiatric disorders in ASD (Lai et al., 2019;
Stewart et al., 2022). In contrast to Lai et al.’s findings, our results show
that the age of onset of affective disorders is substantially earlier than in
controls. The variation in results might be attributed to the heteroge-
neity and wide-ranging age samples of Lai et al.’s enrolled studies (Lai
et al., 2019). The present findings also suggest that impaired emotion
regulation skills, including self-regulation and mutual regulation, may
be identified earlier in individuals with ASD (Laurent and Rubin, 2004).
As early as preschool and early school years, emotion dysregulation in
ASD may significantly impact social and behavioral symptoms (Berko-
vits et al., 2017; Vasa et al., 2013). Reduced flexibility may interfere
with the engagement of adaptive emotional regulation strategies during
development (Berkovits et al., 2017). Patients with ASD who use more
maladaptive emotion regulation strategies from early childhood to
school-age years may be more likely to develop internalized disorders
later, such as anxiety and depression (Cai et al., 2018).

Previous reviews proposed that anxiety may play three roles for
adolescents with ASD: (1) a downstream consequence of ASD symptoms
(e.g., via stress generation through social rejection); (2) a moderator of
ASD symptom severity, such that certain core autism symptoms like
social skill deficits and repetitive behaviors may be exacerbated by
anxiety; and (3) a proxy of core ASD symptoms (Cachia, 2017; Wood and
Gadow, 2010). The results reported here are in accordance with the
theory that anxiety may be a load for other psychopathology (Schutters
et al., 2012; Woodward and Fergusson, 2001), and the risks for subse-
quent psychiatric disorders are proved to be significant in the younger
population. Several reports indicate that anxiety symptoms are largely
related to aggressive behavior in ASD from toddler age (Cervantes and
Matson, 2015; Mazurek et al., 2019), whilst another by Vasa et al.
showed affective problems are strongly associated with clinical anxiety
through preschool to adolescence (Vasa et al., 2013). As for psychotic
symptoms, Weisbrot et al. showed that ASD children with more intense
anxiety were observed to have more delusions, hallucinations, and
disorganized behaviors, and the results remained significant after con-
trolling ASD symptoms (Weisbrot et al., 2005). In line with the previous
evidence, the findings found here suggest the presence of a co-occurring
anxiety disorder—whether it is a manifestation of the ASD diathesis or
not (Montazeri et al., 2019)—may phenotypically result in high risks of
psychiatric comorbidity (Wood and Gadow, 2010).
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Leader et al. found that challenging behavior and sensory issues were
positively associated with comorbid anxiety symptoms in children and
adolescents with ASD (Leader et al., 2021). These findings highlight the
importance of early identification and intervention for anxiety disorders
in individuals with ASD. A multimodal approach that includes both
pharmacological and non-pharmacological interventions, such as
cognitive-behavioral therapy, social skills training, and mindfulness-
based interventions, should be considered for the early treatment of
anxiety in this population. It is essential to individualize the treatment
approach based on the patient’s specific needs and abilities, with a focus
on increasing flexibility and enhancing particular social skills (Reaven
et al., 2018; Sharma et al., 2018). Involving caregivers and family
members in the treatment process is also crucial. Regular monitoring
and assessment of treatment effectiveness should be conducted to ensure
optimal outcomes. Overall, these findings contribute to a better under-
standing of the pathogenesis of psychiatric comorbidities in ASD and
emphasize the need for targeted interventions to improve outcomes for
individuals with this condition.

The current study has several strengths. First, psychiatric disorders
were confirmed after a diagnostic interview by a psychiatrist. Compared
to the previous study that utilized using parent-reported scales, mis-
attributing psychiatric symptoms to ASD or ‘diagnostic overshadowing’
may be less likely (Rosenberg et al., 2011). Second, the study used a
large population-based sample that provides the solid statistical power
needed to examine rare psychiatric disorders in children and adoles-
cents. The NHIRD data have almost complete national coverage, with
the link between registers leading to almost no loss of individuals. Third,
the diagnoses were coded by psychiatrists prospectively, which limited
the possibility of detection bias. Additionally, the study design and
matched procedure practically eliminated the risk of recall and selection
bias. Third, this is the first study to reveal the risks and time course of
psychiatric comorbidity in an Asian ASD sample.

5. Limitations

The findings from the present study should be interpreted in light of
several limitations. First, the follow-up period of the current study may
only reflect the risks before early adulthood, which may limit the
generalization of the results to the at-risk period for adulthood disorders.
The patient with baseline Second, psychopathology in the pre-existing
ASD might be more likely recognized as having other psychiatric
symptoms, which may partially explain the earlier detection age of af-
fective disorder in the current study. However, the healthcare system in
Taiwan is based on public services, meaning virtually all children were
registered in the database before school age. Therefore, the rate of
underestimating mental symptoms in neurotypical control can be
reduced. Third, intellectual disability affects approximately one-third of
ASD patients (Christensen et al., 2016), which may hinder accurate
assessment of overlapping symptoms of co-occurring psychiatric disor-
ders (Rosen et al., 2018; Selten et al., 2015). On the other hand, more
cognitive function can be attributed to a greater awareness of their
disability. The diagnostic bias and interaction with the level of intelli-
gence warrants further investigation. Fourth, the possibility of residual
confounding must be taken into account. This study could not include
other important covariates, such as exposure to substances, self-
perception, and parenting style. Fifth, using NHIRD only captures the
well-defined categorical diagnoses. For instance, there are subclinical or
atypical anxiety symptoms manifesting in ASD at an early age (Kerns
et al., 2014; Vasa et al., 2013), which may also mediate the risks of co-
occurring psychiatric disorders. Sixth, the prevalence of ASD and psy-
chiatric comorbidities may have been underestimated because only in-
dividuals who sought medical help were enrolled. Additionally, the
NHIRD did not include some essential information, such as family his-
tory, personal lifestyle, and environmental factors, which could have
potentially influenced the development of psychiatric comorbidities in
individuals with ASD. Therefore, further studies that consider these
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factors are warranted to gain a more comprehensive understanding of
the comorbidities associated with ASD. Lastly, although the findings
indicate an increase in the risk of subsequent psychiatric disorders in
ASD with anxiety disorder compared to ASD alone, they do not confirm
the causality.

6. Conclusions

Our findings indicated that children and adolescents with ASD are at
risk for psychiatric comorbidities. Among them, the diagnosis of anxiety
disorder independently increases the risks of other comorbidities. These
findings contribute to our understanding of the dynamic pathology of
these disorders and have implications for the management of ASD.
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