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Abstract

Anxiety is common in children with ASD; however, the burden of specific anxiety disorders for adults with ASD is under-
researched. Using the Stockholm Youth Cohort, we compared anxiety disorder diagnoses among autistic adults (n =4049),
with or without intellectual disability, and population controls (n=217,645). We conducted additional sibling analyses. Anxi-
ety disorders were diagnosed in 20.1% of adults with ASD compared with 8.7% of controls (RR =2.62 [95% CI2.47-2.79]),
with greatest risk for autistic people without intellectual disability. Rates of almost all individual anxiety disorders were
raised, notably obsessive—compulsive disorder and phobic anxiety disorders. Anxiety disorders were more common in full

siblings and half-siblings of people with ASD. The implications of this are explored.
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Introduction

Autism spectrum disorders (ASD) are characterised by
early-onset difficulties in social interaction, communication
and restricted, repetitive patterns of interests and behaviour
(Lai et al. 2014). At least 1% of the population have ASD
(Brugha et al. 2016; Idring et al. 2015; Fombonne 2009).
Despite a growing number of clinical and epidemiologi-
cal studies, there is still limited understanding of the adult
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outcomes of people with ASD. Psychiatric comorbidity
in ASD is associated with worse outcomes for individuals
(Gillberg et al. 2016) and a greater burden for their fami-
lies and society (Baxter et al. 2015; Buescher et al. 2014).
Understanding the psychiatric comorbidities which affect
adults with ASD is therefore essential to the planning of
community services and optimising quality of life (Bakken
et al. 2010; Charlot et al. 2008; Gillott and Standen 2007; La
Malfa et al. 2007; Bradley and Bolton 2006).

While anxiety disorders are known to be common in
children and adolescents with ASD (van Steensel et al.
2011; White et al. 2009; Vasa and Mazurek 2015) less is
known about the prevalence of anxiety disorders in adult
populations. Studies to date of adults provide an inconsist-
ent account with prevalence estimates ranging between 28%
and 77% and are limited by differences in methodological
design, small sample size (Mazefsky et al. 2008; Tani et al.
2012), recruitment of selected samples from secondary ser-
vices, or lack of a valid comparison group (Tani et al. 2012;
Kanai et al. 2011; Bakken et al. 2010; Hutton et al. 2008;
Buck et al. 2014; Hofvander et al. 2009; Russell et al. 2016;
Lever and Geurts 2016). The existing evidence is therefore
difficult to generalise and may be subject to confounding
and selection bias.

The largest study of this topic to date used data from a
medical insurance registration database in California and
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found that 29% of 1507 adults with a diagnosis of ASD also
had an anxiety disorder diagnosed compared with 9% of a
non-autistic reference population (adjusted odds ratio 3.69
[95% CI 3.11 to 4.36]) (Croen et al. 2015). However, other
than obsessive—compulsive disorders (OCD), the study
did not identify subtypes of anxiety and did not adjust for
potentially important confounders such as parental mental
illness or socioeconomic characteristics. A large Danish
study reported over a two-fold incidence of OCD in indi-
viduals who had been diagnosed with ASD compared with
those who had not (incidence rate ratio 2.18 [95% CI 1.91
to 2.48]) (Meier et al. 2015). Apart from OCD there have
been no known large studies of specific anxiety disorders in
adults with ASD.

It has been suggested that common mental disorders
could be more prevalent in individuals with ASD without
intellectual disability (ID), because they may have more
insight into their problems. This pattern has been observed
for depression (Rai et al. 2018) and for OCD (Meier et al.
2015) in higher functioning individuals with ASD. To date,
studies of the prevalence of other anxiety disorders in adults
with autism and ID have predominantly focussed on compar-
ing individuals with intellectual disability with and with-
out autism, with variable results regarding whether autism
increases the rates of anxiety disorders, although these stud-
ies have been relatively small (Bakken et al. 2010; Bradley
and Bolton 2006; Charlot et al. 2008; Gillott and Standen
2007). There is relatively more evidence on this issue in
the literature on children and adolescents. For example, in
their meta-analysis, van Steensel et al. found that studies of
children and adolescents with ASD with a lower mean IQ
had higher rates of social anxiety and generalised anxiety
disorder, whilst studies with a higher mean 1Q had higher
prevalence of separation anxiety and OCD (lower and higher
defined by the cross study mean of 87) (van Steensel et al.
2011). Only one study reported a mean 1Q <70 in which
higher anxiety scores were associated with higher IQ and the
presence of functional language use, however not for sim-
ple phobia, panic disorder and social phobia (Sukhodolsky
et al. 2008). Further information on whether the risk of being
diagnosed with anxiety disorders in the autistic population
differs by the presence or absence of intellectual disability
is therefore warranted.

It is possible that ASD and anxiety are associated through
shared genetic causes. Genetic variants with pleiotropic
effects on the ASD and anxiety phenotypes have been iden-
tified (Geschwind 2011) and family-based studies suggest
aggregation of ASD in offspring to parents with anxiety
disorders (Meier et al. 2015; Duvekot et al. 2016) as well
as aggregation of anxiety in family members of individuals
with ASD or autistic traits (Bolton et al. 1998; Jokiranta-
Olkoniemi et al. 2016). However, the associations found
in family-based studies may also reflect the psychological

burden of having a close family member with ASD or dif-
ficulties in social interaction or communication.

In as far as ASD and anxiety are genetically linked, one
could expect risk of anxiety to vary with genetic distance
from the ASD proband, as it has been observed for family
history (Xie et al. 2019). That is, risk of anxiety disorders
would be highest in ASD cases, lower in their non-autistic
full siblings (with whom they share on average 50% of their
genome), lower still in their non-autistic half-siblings (with
whom they share only 25% of their genome) and lowest in
a non-autistic reference population (to whom they are likely
unrelated). Comparing risks in this way can therefore help
to explore a potential genetic correlation between autism
and anxiety.

An additional advantage to the sibling design is that it
allows for the direct comparison of ASD probands with non-
autistic sibling controls, with whom they are likely to share
many potentially confounding characteristics. Since associa-
tions within sibling pairs will not be confounded by charac-
teristics that are shared between them (e.g. early life envi-
ronment), sibling comparisons can account for unobserved
confounders and may thereby provide a better estimate of
causal effects when using observational data.

Using data from a large population-based cohort, this
study aimed to: (1) describe the lifetime prevalence of diag-
nosed anxiety disorders in addition to prevalence in those
aged 18 and over in people with ASD; (2) compare the
risk of diagnosis of anxiety disorders in young adulthood
among those with ASD (any; with ID; without ID) with that
in a non-autistic reference population; (3) compare risk for
diagnosis of anxiety disorders across ASD cases; their full
siblings; their half-siblings; and a reference population; and
(4) compare risk of anxiety disorders in adults with ASD
directly with the risk of anxiety disorders among their non-
autistic full siblings.

Methods
Study Setting and Design

The Stockholm Youth Cohort (SYC) is a register based
cohort of all individuals who lived in Stockholm County,
Sweden, for at least 1 year between January 1st 2001 and
December 31st 2011 and were aged between 0 and 17 years
at any time during that period (n=736,180) (Idring et al.
2012, 2015). All residents in Sweden receive a unique
personal identification number at birth or on immigration
to Sweden, which enables the collection of prospectively
recorded data via a number of national and regional health
care, social and administrative registers (Idring et al. 2012).
Statistics Sweden carried out the record linkages and, before
the research group were given access, a serial number was
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used to replace the personal identity number to ensure the
anonymity of cohort members. For this study, we excluded
adoptees, those whose biological parents could not be iden-
tified, and those with missing covariate data. Over 96% of
those with missing data were attributable to individuals
or their parents having been born abroad, indicating their
absence from Sweden and thus having missing informa-
tion in the registers. Considering < 5% were excluded due
to missing data, and there was no evidence of a difference
between anxiety disorder diagnoses in those with or without
missing data (p=0.14), bias due to missing data is unlikely
in this study. We included those who had been in the cohort
over 4 years at the end of follow-up on December 31st 2011
for the analysis of lifetime prevalence (Supplement Figure
I) and in the main analysis excluded anyone who was under
the age of 18 (Fig. 1). After exclusions, our study popula-
tion consisted of 221,694 aged > 18 years, of whom 4049
had been diagnosed with ASD. We also identified the full
and half-siblings of individuals with ASD within our study
population. The study was approved by the ethical review
board of Karolinska Institutet, Stockholm.

Identification of ASD

ASD diagnoses were established using national and regional
registers that encompass all known pathways for ASD diag-
nosis and follow-up in Stockholm County. We obtained diag-
noses of ASD (ASD: ICD-9 299, ICD-10 F84, DSM-IV 299)
and intellectual disability (ID: ICD-9 317-319, ICD-10 F70-
79, DSM-1V 317-319), identifying individuals with ASD
without ID and with ID within our study population and
additionally used service use data to identify ASD and intel-
lectual disability (Idring et al. 2012, 2015). This method has
been shown to have good validity in identifying individuals
with a diagnosis of ASD (Idring et al. 2012) and provides
comprehensive coverage of in-patient, out-patient and pri-
mary care contacts in this population.

Identification of Anxiety Disorders

For the purpose of this study, we included neurotic, stress
related and somatoform disorders as defined in the World
Health Organisation’s ICD-10 as our outcomes. We used
three registers to identify members of the cohort who
received a diagnosis of anxiety disorder by a clinician dur-
ing the time period studied. These include the (1) National
patient register, which contains the dates and discharge
diagnoses of all inpatients in Sweden since 1973, and
outpatient care since 2001; (2) the Stockholm adult psy-
chiatric outpatient register which records the dates and
diagnoses for any contact with specialist outpatient psy-
chiatric services in Stockholm County since 1997; and (3)
the Stockholm child and adolescent mental health register
(PASTILL) which records dates and diagnoses of all child
and adolescent mental health care in Stockholm County
since 1999. The majority of the mental health services in
Sweden are publicly funded with diagnoses contempora-
neously recorded using ICD-10 codes in the relevant reg-
isters. Clinicians follow international and national guide-
lines when making such diagnoses, although individual
variation in the diagnostic process is likely and the details
of measures or tools used are not recorded in the regis-
ters. Diagnoses recorded in Swedish registers have been
extensively used in psychiatric epidemiology and several
validation studies on a range of psychiatric diagnoses have
been carried out including obsessive compulsive disorders
(Ludvigsson et al. 2011; Ruck et al. 2015; Allebeck 2009).
We used the adult and child diagnostic registers to enable
us to assess lifetime prevalence in addition to prevalence in
those over 18 years of age. We then stratified our primary
outcome variable (any anxiety disorder: ICD-10 F40-48)
by diagnostic subtype to identify specific disorders as
detailed in Supplement Table 1.

Less than 4 years of follow-up (n= 164, 112)

Younger than 18 years at follow-up (n= 336, 125)

Adoptee or missing link to biological parents (n= 13, 242)

Fig. 1 Selection procedure for _
the study population n =736,180
v
n =572, 068
v
n =235, 943
n=222,701

l—b

| n =221, 694 |
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Covariates

We identified variables that, in the literature, have been
associated with ASD as well as anxiety. These include the
individual’s age and sex, parental age at birth, highest educa-
tion of either parent (<9 years, 1012, > 13 years), quintile
of household income, individual or parental birth country
outside of Sweden, and having a record of parental mental
illness (Lofors et al. 2006; de Graaf et al. 2002; Rai et al.
2012; Jokiranta et al. 2013).

Statistical Analysis

Analyses were performed in Stata/MP version 14.2. We
examined the characteristics of our study cohort by exposure
status (no ASD; any ASD, further dichotomised into ASD
with and without ID) in relation to the outcomes. We then
used modified Poisson regression to estimate the relative risk
(RR) of being diagnosed with an anxiety disorder after the
age of 18 among those with a diagnosis of ASD (any; with
ID; without ID) compared with a non-autistic reference pop-
ulation, using robust standard errors to account for clustering
of outcomes within families. We compared the relative risk
estimates for anxiety disorder diagnosis for adults with ASD
with and without comorbid ID in supplementary analysis. In
supplementary analysis we also calculated the prevalence of
anxiety disorders for those with ASD (any; with ID; without
ID) for the full population of those aged 4-27 years of age.
To explore a potential genetic gradient, we also estimated the
relative risk of anxiety disorders among the non-autistic full-
and half-siblings of ASD cases compared with a non-autistic
reference population using the same methods (but cluster-
ing on maternal rather than family identification number for
half-siblings), and compared these relative risk estimates
in supplementary analysis. We adjusted our estimates for
(1) sex and age at the end of follow-up, and additionally
for (2) parental age, parental educational attainment, fam-
ily disposable income quintile, individual or parental for-
eign birth, and maternal and paternal psychiatric history.
To assess the extent to which associations between ASD
and anxiety were due to unobserved shared familial con-
founders, we directly compared adult individuals with ASD
with their discordant full sibling controls using conditional
logistic regression models with adjustment for non-shared
characteristics between sibling pairs (age, birth order, sex,
maternal and paternal age). Lastly, as anxiety disorders are
known to be a common problem in children with ASD (van
Steensel et al. 2011), we wanted to assess whether anxiety
disorders in adults were a continuation of these, or a separate
clinical issue which requires its own consideration. For this
reason, we identified the relative risk of a new diagnosis
of an anxiety disorder in adulthood in people with no pre-
vious history of an anxiety disorder as this could provide

clinically relevant information for clinicians working with
adults. As further clinically useful information, in a sup-
plementary analysis, we calculated the average age of onset
of these anxiety disorders and the proportion of the sample
diagnosed with anxiety before and/or after the age of 18.

Results

Our cohort contained 221,694 individuals aged 18 to
27 years of whom 4049 had been diagnosed with ASD.
We provide study characteristics and descriptive statistics
by ASD case status, including the lifetime prevalence of a
diagnosis of specific types of anxiety disorders, in Table 1.
Just over a fifth (20.13%) of adults with ASD had also been
diagnosed with an anxiety disorder compared with 8.72% of
an adult non-autistic reference population (adjusted RR 2.62
[95% CI2.47-2.79]), and prevalence of anxiety disorder was
highest in the absence of comorbid ID (23.11%) (Tables 1
and 2).

The most common diagnostic labels were non-specific,
with 5.91% of the reference population and 10.16% of adults
with ASD having a diagnosis of “other stress related disor-
ders” or a non-specific anxiety disorder diagnosis, which
fell under our category label of “other neurotic or anxiety
disorder” (Table 1). Except for “other stress-related disor-
ders”, people with ASD had higher relative risks for receiv-
ing a diagnosis of all types of anxiety disorder compared
to a non-autistic reference population (Table 2). Amongst
the common anxiety disorder diagnoses, prevalence of OCD
diagnoses was notably raised in people with ASD (3.43%)
compared with the general population (0.47%) (adjusted RR
8.07 [95% CI 6.74-9.65]) and prevalence of phobic anxiety
disorders was also markedly higher. This increase can be
partly accounted for by an increased prevalence of social
phobia for adults with ASD; however, there were also higher
rates of all other phobic anxiety disorders. The relative risk
of developing a dissociative disorder for an adult with ASD
was also high; however, the numbers of individuals with this
disorder were low, leading to very wide confidence intervals.

There was a clear difference between the rates of anxi-
ety disorders diagnosed in adults with ASD associated with
the presence or absence of intellectual disability (Table 2).
The relative risk for an anxiety disorder diagnosis for adults
with ASD without ID was almost three times higher than the
general population (adjusted RR 2.96 [95% CI 2.77-3.16]),
higher than the same estimate for adults with ASD with ID
(adjusted RR 1.71 [95% CI 1.47-1.99]) (Table 2), with evi-
dence of a statistical difference in these estimates (p <0.001,
Supplement Table 3). Adults with ASD without ID had
higher adjusted risks of panic disorder, generalised anxiety
disorder, PTSD, somatoform disorders and mixed anxiety
and depression, trends which were not present for those with
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Table 1 Characteristics of the total study population (age 18-27) by ASD diagnosis and ASD with and without intellectual disability

Presence of ASD diagnosis

None Any ASD without ID ASD with ID
(n=217,645) (n=4049) (n=2908) (n=1141)
Characteristic
Age range 18-27. Mean (sd) 22.66 (2.86) 21.97 (2.71) 21.95 (2.68) 22.04 (2.80)
Male sex (%) 50.89 65.94 64.44 69.76
Mother’s age at birth. Mean (sd) 28.64 (5.27) 29.16 (5.64) 29.03 (5.59) 29.47 (5.75)
Father’s age at birth. Mean (sd) 31.71 (6.32) 32.08 (6.70) 31.83 (6.64) 32.72 (6.80)
Parental education <9 years (%) 9.46 8.22 7.26 10.69
Family income in lowest quintile (%) 22.45 19.51 17.64 24.28
Individual or their parents born outside Swe- 35.05 31.39 28.37 39.09
den (%)
Maternal psychiatric history (%) 35.03 49.49 51.86 43.47
Paternal psychiatric history (%) 22.90 31.51 32.26 29.62
Prevalence % (n)
All anxiety disorders 8.72 (18,980) 20.13 (815) 23.11 (672) 12.53 (143)
All phobic anxiety disorders 0.90 (1968) 3.75 (152) 4.71 (137) 1.31 (15)
Social phobia 0.63 (1369) 3.04 (123) 3.95(115) 0.70 (8)
Agoraphobia 0.23 (508) 0.74 (30) 0.93 (27) 0.26 (3)
Specific phobia 0.10 (213) 0.20 (8) 0.24 (7) 0.09 (1)
Other phobia 0.05 (115) 0.27 (11) 0.14 (4) 0.61 (7)
Panic disorder 1.69 (3688) 291 (118) 3.44 (100) 1.58 (18)
GAD 0.60 (1304) 1.65 (67) 2.06 (60) 0.61 (7)
OCD 0.47 (1017) 3.43 (139) 3.85(112) 2.37 (27)
Acute stress reaction 0.70 (1524) 1.98 (80) 2.30 (67) 1.14 (13)
PTSD 0.30 (643) 0.74 (30) 0.93 (27) 0.26 (3)
Adjustment disorders 0.42 (919) 1.28 (52) 1.41 (41) 0.96 (11)
Other stress-related disorders 2.23 (4861) 2.03 (82) 2.34 (68) 1.23 (14)
Dissociative disorder 0.04 (88) 0.32 (13) 0.21 (6) 0.61 (7)
Somatoform disorders 0.25 (546) 0.62 (25) 0.72 (21) 0.35(4)
Mixed anxiety/depression 1.31 (2860) 4.74 (192) 5.85 (170) 1.93 (22)
Other neurotic or anxiety disorder 3.68 (7999) 8.13 (329) 9.28 (270) 5.17 (59)

GAD generalised anxiety disorder, OCD obsessive—compulsive disorder, PTSD post-traumatic stress disorder

ASD and ID. Rates of diagnoses of specific phobias, such as
social phobia and agoraphobia were also higher for adults
with ASD without ID, whereas adults with ASD who had
ID were more likely to receive the non-specific diagnosis of
‘other phobia’. Mixed anxiety and depression, adjustment
disorders and acute stress reactions were diagnoses which
were more common in adults with ASD both with and with-
out ID compared to the non-autistic reference population.
Comparing the ASD cases with their non-autistic full-
and half-siblings, risk of anxiety disorder was highest
amongst the ASD cases than their full- and half-siblings,
and risks were raised in siblings compared with the gen-
eral population. However, we did not observe a consistent
gradient in risk with increased genetic distance (Table 3)
although there was some evidence of such a difference in
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ASD without ID (p=0.021, Supplement Table 4). Risk for
anxiety among cases was highest in the absence of comorbid
ID, although risk of anxiety among siblings did not appear
to vary with being the family member of person with ASD
with or without ID.

We then directly compared risk of anxiety in adults with
ASD with risk in their discordant non-autistic full siblings
using a conditional logistic model. Cases with ASD had a
higher risk of anxiety disorders compared with their dis-
cordant non-autistic full siblings (adjusted OR 2.48 [95%
CI 2.06-3.01]) suggesting that associations were robust
against confounding from factors shared between siblings.
Associations were stronger among full siblings discordant
for ASD without comorbid ID (adjusted OR 3.10 [95% CI
2.50-3.85]). Amongst siblings discordant for ASD with
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Table 2 Relative risk of a diagnosis of anxiety disorder between ages 18 and 27 years in individuals with ASD, and ASD with or without ID
compared to the general population

All ASD (n=4049)

ASD without ID (n=2908)

ASD with ID (n=1141)

Adjusted RR
Model 1?

Adjusted RR
Model 2°

Adjusted RR
Model 1*

Adjusted RR
Model 2"

Adjusted RR
Model 1*

Adjusted RR
Model 2"

All anxiety disor-
ders

All phobic anxiety
disorders

Social phobia
Agoraphobia
Specific phobia
Other phobia

Panic disorder

GAD

OCD

Acute stress reac-
tion

PTSD

Adjustment dis-
orders

Other stress-related
disorders

Dissociative
disorder

Somatoform dis-
orders

Mixed anxiety/
depression

Other neurotic or
anxiety disorder

2.95(2.78-3.14)

5.19 (4.41-6.10)

5.86 (4.88-7.03)
4.10 (2.84-5.91)
3.00 (1.49-6.07)

6.48 (3.50-12.01)

2.20 (1.84-2.63)
3.68 (2.88-4.69)

9.11 (7.64-10.85)

3.71 (2.97-4.64)

3.47 (2.41-5.00)
3.98 (3.02-5.25)

1.26 (1.02-1.57)

11.02 (6.13-19.81) 10.12 (5.59-18.32)

3.11 (2.08-4.65)

4.65 (4.03-5.36)

2.88 (2.59-3.19)

2.62 (2.47-2.79)

4.54 (3.85-5.35)

5.07 (4.21-6.10)
3.53(2.44-5.11)
2.77 (1.37-5.59)

5.99 (3.20-11.19)

1.97 (1.65-2.37)
3.17 (2.48-4.05)
8.07 (6.74-9.65)
3.24 (2.58-4.07)

2.98 (2.06-4.32)
3.49 (2.65-4.60)

1.11 (0.90-1.38)

2.93 (1.95-4.41)

3.98 (3.45-4.60)

2.53 (2.28-2.81)

3.38 (3.16-3.60)
6.48 (5.48-7.67)

7.60 (6.30-9.16)
5.10 (3.47-7.49)
3.61 (1.70-7.64)
3.29 (1.21-8.97)
2.58 (2.13-3.14)
4.55 (3.52-5.87)

10.21 (8.43-12.38)

4.30(3.38-5.47)

427 (2.91-6.26)
4.37 (3.20-5.95)

1.45 (1.15-1.84)

6.94 (3.04-15.82)

3.64 (2.35-5.64)

5.66 (4.88-6.57)

3.28 (2.93-3.67)

2.96 (2.77-3.16)

5.57 (4.69-6.61)

6.46 (5.34-7.82)
431 (2.92-6.36)
3.28 (1.55-6.93)
2.98 (1.10-8.10)
2.29 (1.89-2.80)
3.84 (2.97-4.97)
8.88 (7.28-10.82)
3.72 (2.91-4.75)

3.66 (2.48-5.39)
3.79 (2.78-5.17)

1.26 (1.00-1.60)

1.87 (1.60-2.17)

1.84 (1.11-3.04)

1.35 (0.68-2.70)
1.49 (0.48-4.62)
1.40 (0.20-9.93)

1.20 (0.76-1.90)
1.39 (0.66-2.90)
6.24 (4.28-9.10)
2.17 (1.26-3.73)

1.28 (0.41-3.96)
3.01 (1.66-5.44)

0.78 (0.46-1.31)

1.71 (1.47-1.99)

1.68 (1.01-2.79)

1.23 (0.61-2.45)
1.35 (0.44-4.21)
1.34 (0.19-9.57)

14.92 (7.03-31.66) 13.93 (6.51-29.78)

1.11 (0.70-1.76)
1.27 (0.61-2.65)
5.78 (3.96-8.44)
1.93 (1.12-3.31)

1.10 (0.36-3.44)
2.73 (1.51-4.93)

0.70 (0.42-1.18)

6.45 (2.76-15.08) 22.04 (10.11-48.02) 20.42 (9.46-44.11)

3.42 (2.20-5.33)

4.75 (4.08-5.53)

2.84 (2.54-3.19)

1.75 (0.65-4.68)

1.95 (1.29-2.96)

1.85 (1.44-2.36)

1.64 (0.62—4.40)

1.76 (1.16-2.67)

1.68 (1.32-2.15)

GAD generalised anxiety disorder, OCD obsessive—compulsive disorder, PTSD post-traumatic stress disorder, RR relative risk, CI confidence

interval

#Modified Poisson regression with cluster robust standard errors. Model 1 adjusted for age and sex

"Model 2 adjusted for age, sex, maternal and paternal age, parental educational attainment, family disposable income quintile, individual or
parental migration, and maternal and paternal psychiatric history

Table 3 Relative risk (95% CI) for a diagnosis of an anxiety disorder among those diagnosed with ASD, their siblings and half-siblings, com-
pared with population controls

Cases versus population controls

Siblings of cases versus population

Half-siblings of cases versus popula-

controls tion controls
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Model 1? Model 2° Model 12 Model 2° Model 12 Model 2°

All ASD
ASD without ID
ASD with ID

2.95 (2.78-3.14)
3.38 (3.16-3.60)
1.87 (1.60-2.17)

2.62 (2.47-2.79)
2.96 (2.77-3.16)
1.71 (1.47-1.99)

1.50 (1.38-1.64)
1.59 (1.44-1.76)
1.32 (1.11-1.56)

1.37 (1.26-1.49)
1.41 (1.28-1.57)
1.28 (1.08-1.51)

1.48 (1.31-1.68)
1.41 (1.22-1.62)
1.77 (1.37-2.28)

1.22 (1.07-1.38)
1.15 (1.00-1.33)
1.48 (1.14-1.92)

RR relative risk, CI confidence interval

*Modified Poisson regression with cluster robust standard errors. Model 1 adjusted for age and sex

"Model 2 adjusted for age, sex, maternal and paternal age, parental educational attainment, family disposable income quintile, foreign birth of

child or parents, and maternal and paternal psychiatric history
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comorbid ID there did not appear to be an association
between ASD diagnosis and anxiety disorder (adjusted OR
1.04 [95% C10.71-1.54]).

The mean age of diagnosis for all anxiety disorders was
just under the age of 15 for people with ASD and just under
the age of 17 for people without ASD (Supplement Table 5).
Howeyver, our research found that even when there had been
no history of a childhood anxiety disorder (66% of all ASD
cases), adults with ASD continued to be at higher risk of
being diagnosed with an anxiety disorder compared to
adults without ASD (adjusted RR 2.71 [95% CI 2.52-2.91])
and this risk was highest for people with ASD without
ID (adjusted RR 3.13 [95% CI 2.90-3.38]) (Supplement
Tables 6 and 7).

Discussion

In this large population based study in Sweden, we found
that people with ASD were over two and a half times more
likely to have a diagnosis of an anxiety disorder than a refer-
ence population without ASD, and risk appeared highest for
people with ASD without intellectual disability.

There are only a few epidemiological studies with which
we can directly compare our results. Our findings of higher
rates of anxiety disorders in general and OCD specifically
are consistent with evidence in adults found in previous stud-
ies (Croen et al. 2015; Meier et al. 2015). This is the first
large, population-based study which has assessed the rates
of PTSD in adults with ASD. This is consistent with a large
study of autistic traits amongst nursing staff which found
that PTSD rates were highest amongst those in the highest
quintile for autistic traits (10.7%) versus those in the low-
est quintile for autistic traits (4.5%) (Roberts et al. 2015).
Previous research has additionally suggested that traumatic
childhood events are associated with developmental disor-
ders, including ASD, but that low reported rates of PTSD in
youth with ASD may be due to diagnosis being complicated
by individuals with ASD manifesting symptoms of traumatic
stress in a distinct manner from individuals without ASD
(Kerns et al. 2015).

It is of note that the most commonly used diagnostic
labels for all individuals were those identifying a non-spec-
ified anxiety or neurotic disorder, which we termed “other
neurotic or anxiety disorder”, and there were a significantly
greater number of individuals with ASD being given the
diagnosis of “other phobias” than the general population.
This may be due to specific disorders or phenomenology
being harder to distinguish in individuals with ASD, or due
to multiple phobic anxiety disorders being present which
may complicate the diagnostic picture. To our knowledge
this is the first study to measure somatoform disorder and
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dissociative disorder in individuals with ASD, and our study
found significantly higher rates of these conditions.

Higher rates of anxiety disorders in people with ASD may
occur for a number of reasons (Kerns and Kendall 2012). For
example, people with ASD may be more likely to experience
peer rejection and prevention or punishment of their desired
behaviours (for example restricted, repetitive interests).
Additionally, social difficulties such as repeated experiences
of misinterpreting social situations or communication lead-
ing to misunderstandings may produce anxiety, particularly
in social situations. In typically developing adolescents and
those with ASD, social difficulties have been associated
with increased anxiety (Bellini 2006) and in particular an
individual’s perception of their social skills difficulties is
predictive of social anxiety (Bellini 2004). The impact of
social stressors may be increased by a biological vulner-
ability to anxiety. For example, limbic system dysfunction
and behavioural inhibition are associated with both ASD and
anxiety disorders. Lower arousal thresholds in the amygdala
associated with behavioural inhibition may in turn result in
people with ASD avoiding and being conditioned by nega-
tive experiences (Bellini 2006). Sensory over-responsivity
has also been suggested as a possible cause of anxiety dis-
order in ASD (Mazurek et al. 2013), causing problematic
fears to develop as a result of increased sensitivity to certain
stimuli. In OCD, whilst obsessional thoughts are common in
the general population, it has been suggested that the cogni-
tive deficits associated with ASD may influence the man-
ner in which these thoughts are appraised, resulting in more
anxiety and the development of OCD (Russell et al. 2005).

To our knowledge this is the first study of the difference
in prevalence rates of anxiety disorders for adults with ASD
with and without ID. The finding of higher rates of anxiety
disorders amongst adults with ASD without ID compared
with adults with ASD and ID is consistent with some of the
results from studies of children with ASD and anxiety dis-
order (Weisbrot et al. 2005; Sukhodolsky et al. 2008; Mayes
et al. 2011) and with a recent study of depression in ASD
(Rai et al. 2018), and may be due to a number of factors.
Increased rates of anxiety disorders may be present in indi-
viduals without ID due to increased cognitive awareness of
their impairments (Bauminger et al. 2003). It may also be
that the rates of anxiety disorder in people with ASD and
ID are underestimated due to carers or clinicians attributing
features of anxiety as a symptom of an individual’s ID, also
known as diagnostic overshadowing. We found higher rates
of “other phobias” in individuals with ASD and ID, con-
sistent with studies in youth, where ID was associated with
more “atypical” versus “traditional” anxiety features (Kerns
et al. 2014). Additionally, given that many anxiety symptoms
are associated with increased verbal ability, the absence of
an ID and associated increase in verbal skills may play a key
role in the ability to communicate anxiety symptoms. This
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is consistent with studies in children and adolescents where
the presence of functional language use has been associated
with an increase in anxiety symptoms in children with ASD
(Sukhodolsky et al. 2008), and has been shown to have an
opposite pattern to children without ASD, where language
deficits were associated with increased anxiety symptoms,
suggesting a unique relationship between ASD, language
and anxiety (Davis et al. 2011).

Assessing the risk of anxiety disorders in full- and half-
siblings of individuals can be a useful tool to help find gra-
dients in risk that may be influenced by genetic loading.
Our results did not identify any evidence of risk gradients
between full- and half-siblings of individuals with ASD;
however, there was an increased risk of an anxiety disorder
diagnosis for siblings and half-siblings compared with the
general population. Studies of full-siblings of children and
young adults with ASD have found a comparable increased
risk of anxiety disorders (Jokiranta-Olkoniemi et al. 2016).
However, we were not able to control for the situations such
as parental separation which may contribute to higher rates
of anxiety disorders in all half-siblings, possibly masking
a gradient. While the increased risk of anxiety in siblings
may still suggest the role of common genetic vulnerability,
siblings of children with ASD may also be prone to psychi-
atric disorders through other mechanisms. For example, they
may receive less parental attention because of their autistic
sibling having more needs or may experience other stressors
in the household. The sibling control analysis allowed us to
directly compare the risk of anxiety disorder in individu-
als with ASD versus their discordant siblings. This enabled
additional control of shared-environmental and shared-
genetic confounding factors. The notably higher rates in
adults with ASD compared with their discordant siblings
gives additional evidence for the prospect of genetic factors
specifically related to ASD, or other ASD-specific environ-
mental factors that increase vulnerability to anxiety disor-
ders, which could be possible targets for future interventions.

This study highlights that anxiety disorders are a signifi-
cant problem for adults with autism and there is therefore
a need for effective evidence-based treatments. Cognitive-
behavioural therapy (CBT) is the most researched therapy
for anxiety disorders in individuals with ASD; however,
whilst there is a growing volume of research supporting the
use of CBT for anxiety in children and adolescents with
ASD, less is known about the use of CBT in adults with
ASD (Rosen et al. 2018). Concerning pharmacological
treatments, current evidence suggests that selective seroto-
nin re-uptake inhibitors (SSRIs) produce benefit in anxiety
disorders in ASD, including to obsessional thoughts (Buchs-
baum et al. 2001; McDougle et al. 1996) and compulsions
(Hollander et al. 2012; McDougle et al. 1996). However,
studies have been small and the overall evidence for phar-
macological treatments is also limited (Howes et al. 2018).

The results of this study should be interpreted in the
light of the following limitations. Firstly, as this is a reg-
ister based study, the possibility of exposure and outcome
misclassification cannot be ruled out. There may be undiag-
nosed people with ASD in the population which could lead
to some exposure misclassification. If this were differential
in relation to the outcome, for example, if those with greater
anxiety symptoms were more likely to be diagnosed with
ASD more easily, then our observed associations may be
over-estimates of the true association. If the reverse were
true or the misclassification was not differential, then the
results would likely be biased towards the null. Likewise, it
is likely there are individuals with anxiety disorders in our
cohort who have not been recorded as such. Due to the use
of registers we were also not able to verify the anxiety disor-
der diagnoses. This may be an important limitation as there
are phenomenological differences in presentation of anxi-
ety disorders in individuals with ASD and/or ID and there
may be potential variability between clinicians and mental
health care centres in their recognition. The possibility of
such measurement error may be compounded by the lack of
standardised tools available for the measurement of anxiety
disorders within the ASD population. Such misclassification
may have been somewhat minimised by our use of anxi-
ety disorder diagnoses from secondary care and inpatient
records which are made by specialists, although it should be
noted that there are still no clear consensus guidelines for
measuring anxiety in ASD. Although the majority of diag-
noses of specific anxiety disorders such as OCD would be
made in secondary care, primary care doctors are involved in
diagnosing anxiety disorders, particularly generalised anxi-
ety disorder and mixed anxiety and depression; this means
that the rates of these conditions within our study may be
underestimated. Therefore, the possibility of outcome mis-
classification cannot be ruled out. Such limitations would
be common to any record-linkage study and cohort studies
with detailed clinical information would need to be carried
out to assess this further. We were unable to measure early
life trauma, which is a limitation as it may be associated with
ASD (Kerns et al. 2015) and with anxiety disorders, particu-
larly the higher rates of PTSD. Despite these limitations,
this study has several strengths. The Swedish registers are
of high quality, enabling a large sample size with the ability
to adjust for a range of confounders and examine siblings
of individuals with ASD. The prospective data collection
minimises the possibility of recall bias.

Conclusion
Anxiety disorders are a notable problem for people with

ASD. It is important for adult mental health services to be
skilled at working with this population where co-occurring
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anxiety is so prevalent. More research is needed to deter-
mine the causes of increased anxiety for people with ASD.
Our findings suggest a potential for environmental pathways;
however, delineating these further may help the develop-
ment of preventative interventions or targeted treatment.
Our study has identified increased rates of specific anxiety
disorders for adults with ASD which has been explored in
children and adolescents but not studied previously in adults
and these associations need to be replicated in future stud-
ies. Future research is also needed to better understand the
phenomenology of anxiety disorders in this population and
to better the means of measuring and treating anxiety in
this population. This may be an aim worth pursuing because
effective management of anxiety in this population could
lead to major gains in quality of life and functioning (Kerns
and Kendall 2012).

Acknowledgments This research was funded by Grant 3747-6849 from
The Baily Thomas Charitable Foundation and by Grant 2017-010006
from the Swedish Research Council for Health, Working Life, and Wel-
fare. This study was also supported by the National Institute for Health
Research Biomedical Research Centre at the University Hospitals Bris-
tol National Health Service Foundation Trust and the University of
Bristol (Grant No. BRC-1215-2011) and Victoria Nimmo-Smith was
funded by a National Institute for Health Research Academic Clinical
Fellowship award (reference number ACF-2016-25-503).

Author Contributions DR, CM, VN-S, and HH participated in the
concept and design. DR, HH, ML, VN-S, CD, SD, and PC involved
in acquisition, analysis, or interpretation of data. VN-S, HH, and DR
drafted the manuscript. HH and DR participated in statistical analy-
sis. DR and CM obtained funding. DR, CD, ML, and CM involved in
administrative, technical, or material support. DR, CD, PC, and CM
involved in supervision. All authors contributed to critical revision of
the manuscript for important intellectual content.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creativeco
mmons.org/licenses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate
credit to the original author(s) and the source, provide a link to the
Creative Commons license, and indicate if changes were made.

References

Allebeck, P. (2009). The use of population based registers in psychiat-
ric research. Acta Psychiatrica Scandinavica, 120(5), 386-391.
https://doi.org/10.1111/j.1600-0447.2009.01474 x.

Bakken, T. L., Helverschou, S. B., Eilertsen, D. E., Heggelund, T.,
Myrbakk, E., & Martinsen, H. (2010). Psychiatric disorders
in adolescents and adults with autism and intellectual disabil-
ity: A representative study in one county in Norway. Research
in Developmental Disabilities, 31(6), 1669—-1677. https://doi.
org/10.1016/j.ridd.2010.04.009.

Bauminger, N., Shulman, C., & Agam, G. (2003). Peer interaction
and loneliness in high-functioning children with autism. [Peer

@ Springer

Reviewed]. Journal of Autism and Developmental Disorders. https
://doi.org/10.1023/a:1025827427901.

Baxter, A.J., Brugha, T. S., Erskine, H. E., Scheurer, R. W., Vos, T., &
Scott, J. G. (2015). The epidemiology and global burden of autism
spectrum disorders. Psychological Medicine, 45(3), 601-613.
https://doi.org/10.1017/S003329171400172X.

Bellini, S. (2004). Social skill deficits and anxiety in high-functioning
adolescents with autism spectrum disorders [Peer Reviewed].
Focus on Autism and Other Developmental Disabilities. https://
doi.org/10.1177/10883576040190020201.

Bellini, S. (2006). The development of social anxiety in adoles-
cents with autism spectrum disorders [Peer Reviewed]. Focus
on Autism and Other Developmental Disabilities. https://doi.
org/10.1177/10883576060210030201.

Bolton, P. F., Pickles, A., Murphy, M., & Rutter, M. (1998). Autism,
affective and other psychiatric disorders: patterns of familial
aggregation. Psychological Medicine, 28(2), 385-395.

Bradley, E., & Bolton, P. (2006). Episodic psychiatric disorders in
teenagers with learning disabilities with and without autism.
British Journal of Psychiatry, 189, 361-366. https://doi.
org/10.1192/bjp.bp.105.018127.

Brugha, T. S., Spiers, N., Bankart, J., Cooper, S. A., McManus,
S., Scott, F. J., et al. (2016). Epidemiology of autism in adults
across age groups and ability levels. British Journal of Psychia-
try. https://doi.org/10.1192/bjp.bp.115.174649.

Buchsbaum, M. S., Hollander, E., Haznedar, M. M., Tang, C.,
Spiegel-Cohen, J., Wei, T. C., et al. (2001). Effect of fluoxetine
on regional cerebral metabolism in autistic spectrum disorders:
A pilot study. International Journal of Neuropsychopharmacol-
ogy, 4(2), 119-125. https://doi.org/10.1017/S14611457010022
80.

Buck, T. R., Viskochil, J., Farley, M., Coon, H., McMahon, W. M.,
Morgan, J., et al. (2014). Psychiatric comorbidity and medication
use in adults with autism spectrum disorder. Journal of Autism
and Developmental Disorders, 44(12), 3063-3071. https://doi.
org/10.1007/s10803-014-2170-2.

Buescher, A. V., Cidav, Z., Knapp, M., & Mandell, D. S. (2014). Costs
of autism spectrum disorders in the United Kingdom and the
United States. JAMA Pediatrics, 168(8), 721-728. https://doi.
org/10.1001/jamapediatrics.2014.210.

Charlot, L., Deutsch, C. K., Albert, A., Hunt, A., Connor, D. F., &
Mcllvane, W. J., Jr. (2008). Mood and anxiety symptoms in psy-
chiatric inpatients with autism spectrum disorder and depression
[Peer Reviewed]. Journal of Mental Health Research in Intel-
lectual Disabilities. https://doi.org/10.1080/19315860802313947.

Croen, L. A., Zerbo, O., Qian, Y., Massolo, M. L., Rich, S., Sidney, S.,
et al. (2015). The health status of adults on the autism spectrum.
Autism, 19(7), 814-823. https://doi.org/10.1177/1362361315
577517.

Davis, T. E., Moree, B. N., Dempsey, T., Reuther, E. T., Fodstad, J.
C., Hess, J. A., et al. (2011). The relationship between autism
spectrum disorders and anxiety: The moderating effect of commu-
nication. Research in Autism Spectrum Disorders, 5(1), 324-329.

de Graaf, R., Bijl, R. V., Smit, F., Vollebergh, W. A., & Spijker, J.
(2002). Risk factors for 12-month comorbidity of mood, anxiety,
and substance use disorders: findings from the Netherlands Mental
Health Survey and Incidence Study. American Journal of Psychia-
try, 159(4), 620-629. https://doi.org/10.1176/appi.ajp.159.4.620.

Duvekot, J., van der Ende, J., Constantino, J. N., Verhulst, F. C., &
Greaves-Lord, K. (2016). Symptoms of autism spectrum disorder
and anxiety: Shared familial transmission and cross-assortative
mating. Journal of Child Psychology and Psychiatry, 57(6), 7159—
769. https://doi.org/10.1111/jcpp.12508.

Fombonne, E. (2009). Epidemiology of pervasive developmental disor-
ders. Pediatric Research, 65(6), 591-598. https://doi.org/10.1203/
PDR.0b013e31819¢7203.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1111/j.1600-0447.2009.01474.x
https://doi.org/10.1016/j.ridd.2010.04.009
https://doi.org/10.1016/j.ridd.2010.04.009
https://doi.org/10.1023/a:1025827427901
https://doi.org/10.1023/a:1025827427901
https://doi.org/10.1017/S003329171400172X
https://doi.org/10.1177/10883576040190020201
https://doi.org/10.1177/10883576040190020201
https://doi.org/10.1177/10883576060210030201
https://doi.org/10.1177/10883576060210030201
https://doi.org/10.1192/bjp.bp.105.018127
https://doi.org/10.1192/bjp.bp.105.018127
https://doi.org/10.1192/bjp.bp.115.174649
https://doi.org/10.1017/S1461145701002280
https://doi.org/10.1017/S1461145701002280
https://doi.org/10.1007/s10803-014-2170-2
https://doi.org/10.1007/s10803-014-2170-2
https://doi.org/10.1001/jamapediatrics.2014.210
https://doi.org/10.1001/jamapediatrics.2014.210
https://doi.org/10.1080/19315860802313947
https://doi.org/10.1177/1362361315577517
https://doi.org/10.1177/1362361315577517
https://doi.org/10.1176/appi.ajp.159.4.620
https://doi.org/10.1111/jcpp.12508
https://doi.org/10.1203/PDR.0b013e31819e7203
https://doi.org/10.1203/PDR.0b013e31819e7203

Journal of Autism and Developmental Disorders (2020) 50:308-318

317

Geschwind, D. (2011). Genetics of autism spectrum disorders. Trends
in Cognitive Sciences, 15(9), 409-416.

Gillberg, I. C., Helles, A., Billstedt, E., & Gillberg, C. (2016). Boys
with Asperger syndrome grow up: Psychiatric and neurodevel-
opmental disorders 20 years after initial diagnosis. Journal of
Autism and Developmental Disorders, 46(1), 74-82. https://doi.
org/10.1007/s10803-015-2544-0.

Gillott, A., & Standen, P. J. (2007). Levels of anxiety and sources of
stress in adults with autism [Peer Reviewed]. Journal of Intel-
lectual Disabilities. https://doi.org/10.1177/1744629507083585.

Hofvander, B., Delorme, R., Chaste, P., Nyden, A., Wentz, E., Stahl-
berg, O., et al. (2009). Psychiatric and psychosocial problems in
adults with normal-intelligence autism spectrum disorders. BMC
Psychiatry, 9, 35. https://doi.org/10.1186/1471-244X-9-35.

Hollander, E., Soorya, L., Chaplin, W., Anagnostou, E., Taylor, B. P.,
Ferretti, C. J., et al. (2012). A double-blind placebo-controlled
trial of fluoxetine for repetitive behaviors and global severity in
adult autism spectrum disorders. American Journal of Psychiatry,
169(3), 292-299. https://doi.org/10.1176/appi.ajp.2011.10050764.

Howes, O. D., Rogdaki, M., Findon, J. L., Wichers, R. H., Charman, T.,
King, B. H,, et al. (2018). Autism spectrum disorder: Consensus
guidelines on assessment, treatment and research from the British
Association for Psychopharmacology. Journal of Psychopharma-
cology, 32(1), 3-29. https://doi.org/10.1177/0269881117741766.

Hutton, J., Goode, S., Murphy, M., Le Couteur, A., & Rutter, M.
(2008). New-onset psychiatric disorders in individuals with
autism. Autism, 12(4), 373-390. https://doi.org/10.1177/13623
61308091650.

Idring, S., Lundberg, M., Sturm, H., Dalman, C., Gumpert, C., Rai, D.,
etal. (2015). Changes in prevalence of autism spectrum disorders
in 2001-2011: Findings from the Stockholm youth cohort. Journal
of Autism and Developmental Disorders, 45(6), 1766—1773. https
://doi.org/10.1007/s10803-014-2336-y.

Idring, S., Rai, D., Dal, H., Dalman, C., Sturm, H., Zander, E., et al.
(2012). Autism spectrum disorders in the Stockholm Youth
Cobhort: Design, prevalence and validity. PLoS ONE, 7(7), e41280.
https://doi.org/10.1371/journal.pone.0041280.

Jokiranta, E., Brown, A. S., Heinimaa, M., Cheslack-Postava, K.,
Suominen, A., & Sourander, A. (2013). Parental psychiatric disor-
ders and autism spectrum disorders. Psychiatry Research, 207(3),
203-211. https://doi.org/10.1016/j.psychres.2013.01.005.

Jokiranta-Olkoniemi, E., Cheslack-Postava, K., Sucksdorff, D.,
Suominen, A., Gyllenberg, D., Chudal, R., et al. (2016). Risk
of psychiatric and neurodevelopmental disorders among sib-
lings of probands with autism spectrum disorders. JAMA Psy-
chiatry, 73(6), 622-629. https://doi.org/10.1001/jamapsychi
atry.2016.0495.

Kanai, C., Iwanami, A., Hashimoto, R., Ota, H., Tani, M., Yamada,
T., et al. (2011). Clinical characterization of adults with Asper-
ger’s syndrome assessed by self-report questionnaires based on
depression, anxiety, and personality. Research in Autism Spectrum
Disorders, 5(4), 1451-1458.

Kerns, C. M., & Kendall, P. C. (2012). The presentation and classifica-
tion of anxiety in autism spectrum disorder. Clinical Psychology-
Science and Practice, 19(4), 323-347. https://doi.org/10.1111/
cpsp.12009.

Kerns, C. M., Kendall, P. C., Berry, L., Souders, M. C., Franklin, M.
E., Schultz, R. T., et al. (2014). Traditional and atypical presenta-
tions of anxiety in youth with autism spectrum disorder. Journal
of Autism and Developmental Disorders, 44(11), 2851-2861. https
://doi.org/10.1007/s10803-014-2141-7.

Kerns, C. M., Newschaffer, C. J., & Berkowitz, S. J. (2015). Traumatic
childhood events and autism spectrum disorder. Journal of Autism
and Developmental Disorders, 45(11), 3475-3486. https://doi.
org/10.1007/s10803-015-2392-y.

La Malfa, G., Lassi, S., Salvini, R., Giganti, C., Bertelli, M., & Alber-
tini, G. (2007). The relationship between autism and psychiatric
disorders in intellectually disabled adults. Research in Autism
Spectrum Disorders, 1(3), 218-228. https://doi.org/10.1016/j.
rasd.2006.10.004.

Lai, M. C., Lombardo, M. V., & Baron-Cohen, S. (2014). Autism.
Lancet, 383(9920), 896-910. https://doi.org/10.1016/S0140
-6736(13)61539-1.

Lever, A. G., & Geurts, H. M. (2016). Psychiatric co-occurring symp-
toms and disorders in young, middle-aged, and older adults with
autism spectrum disorder. Journal of Autism and Developmen-
tal Disorders, 46(6), 1916—1930. https://doi.org/10.1007/s1080
3-016-2722-8.

Lofors, J., Ramirez-Leon, V., & Sundquist, K. (2006). Neighbourhood
income and anxiety: A study based on random samples of the
Swedish population. European Journal of Public Health, 16(6),
633-639. https://doi.org/10.1093/eurpub/ckl026.

Ludvigsson, J. F., Andersson, E., Ekbom, A., Feychting, M., Kim, J.
L., Reuterwall, C., et al. (2011). External review and validation of
the Swedish national inpatient register. BMC Public Health, 11(1),
450. https://doi.org/10.1186/1471-2458-11-450.

Mayes, S. D., Calhoun, S. L., Murray, M. J., Ahuja, M., & Smith,
L. A. (2011). Anxiety, depression, and irritability in children
with autism relative to other neuropsychiatric disorders and typi-
cal development. Research in Autism Spectrum Disorders, 5(1),
474-485. https://doi.org/10.1016/j.rasd.2010.06.012.

Mazefsky, C. A., Folstein, S. E., & Lainhart, J. E. (2008). Overrepre-
sentation of mood and anxiety disorders in adults with autism and
their first-degree relatives: What does it mean? Autism Research,
1(3), 193-197. https://doi.org/10.1002/aur.23.

Mazurek, M. O., Vasa, R. A., Kalb, L. G., Kanne, S. M., Rosenberg, D.,
Keefer, A., et al. (2013). Anxiety, sensory over-responsivity, and
gastrointestinal problems in children with autism spectrum dis-
orders. Journal of Abnormal Child Psychology, 41(1), 165-176.
https://doi.org/10.1007/s10802-012-9668-x.

McDougle, C. J., Naylor, S. T., Cohen, D. J., Volkmar, F. R., Heninger,
G.R., & Price, L. H. (1996). A double-blind, placebo-controlled
study of fluvoxamine in adults with autistic disorder. Archives of
General Psychiatry, 53(11), 1001-1008.

Meier, S. M., Petersen, L., Schendel, D. E., Mattheisen, M., Mortensen,
P. B., & Mors, O. (2015). Obsessive-compulsive disorder and
autism spectrum disorders: Longitudinal and offspring risk.
PLoS ONE, 10(11), e0141703. https://doi.org/10.1371/journ
al.pone.0141703.

Rai, D., Heuvelman, H., Dalman, C., Culpin, I., Lundberg, M., Car-
penter, P., et al. (2018). Association between autism spectrum
disorders with or without intellectual disability and depression in
young adulthood. JAMA Network Open, 1(4), e181465. https://
doi.org/10.1001/jamanetworkopen.2018.1465.

Rai, D., Lewis, G., Lundberg, M., Araya, R., Svensson, A., Dalman,
C., et al. (2012). Parental socioeconomic status and risk of off-
spring autism spectrum disorders in a Swedish population-based
study. Journal of the American Academy of Child and Adoles-
cent Psychiatry, 51(5), 467-476 e466. https://doi.org/10.1016/j.
jaac.2012.02.012.

Roberts, A. L., Koenen, K. C., Lyall, K., Robinson, E. B., & Weis-
skopf, M. G. (2015). Association of autistic traits in adulthood
with childhood abuse, interpersonal victimization, and posttrau-
matic stress. Child Abuse and Neglect, 45, 135—142. https://doi.
org/10.1016/j.chiabu.2015.04.010.

Rosen, T. E., Mazefsky, C. A., Vasa, R. A., & Lerner, M. D. (2018).
Co-occurring psychiatric conditions in autism spectrum disor-
der. International Review of Psychiatry, 30(1), 40-61. https://doi.
org/10.1080/09540261.2018.1450229.

@ Springer


https://doi.org/10.1007/s10803-015-2544-0
https://doi.org/10.1007/s10803-015-2544-0
https://doi.org/10.1177/1744629507083585
https://doi.org/10.1186/1471-244X-9-35
https://doi.org/10.1176/appi.ajp.2011.10050764
https://doi.org/10.1177/0269881117741766
https://doi.org/10.1177/1362361308091650
https://doi.org/10.1177/1362361308091650
https://doi.org/10.1007/s10803-014-2336-y
https://doi.org/10.1007/s10803-014-2336-y
https://doi.org/10.1371/journal.pone.0041280
https://doi.org/10.1016/j.psychres.2013.01.005
https://doi.org/10.1001/jamapsychiatry.2016.0495
https://doi.org/10.1001/jamapsychiatry.2016.0495
https://doi.org/10.1111/cpsp.12009
https://doi.org/10.1111/cpsp.12009
https://doi.org/10.1007/s10803-014-2141-7
https://doi.org/10.1007/s10803-014-2141-7
https://doi.org/10.1007/s10803-015-2392-y
https://doi.org/10.1007/s10803-015-2392-y
https://doi.org/10.1016/j.rasd.2006.10.004
https://doi.org/10.1016/j.rasd.2006.10.004
https://doi.org/10.1016/S0140-6736(13)61539-1
https://doi.org/10.1016/S0140-6736(13)61539-1
https://doi.org/10.1007/s10803-016-2722-8
https://doi.org/10.1007/s10803-016-2722-8
https://doi.org/10.1093/eurpub/ckl026
https://doi.org/10.1186/1471-2458-11-450
https://doi.org/10.1016/j.rasd.2010.06.012
https://doi.org/10.1002/aur.23
https://doi.org/10.1007/s10802-012-9668-x
https://doi.org/10.1371/journal.pone.0141703
https://doi.org/10.1371/journal.pone.0141703
https://doi.org/10.1001/jamanetworkopen.2018.1465
https://doi.org/10.1001/jamanetworkopen.2018.1465
https://doi.org/10.1016/j.jaac.2012.02.012
https://doi.org/10.1016/j.jaac.2012.02.012
https://doi.org/10.1016/j.chiabu.2015.04.010
https://doi.org/10.1016/j.chiabu.2015.04.010
https://doi.org/10.1080/09540261.2018.1450229
https://doi.org/10.1080/09540261.2018.1450229

318

Journal of Autism and Developmental Disorders (2020) 50:308-318

Ruck, C., Larsson, K. J., Lind, K., Perez-Vigil, A., Isomura, K., Saria-
slan, A, et al. (2015). Validity and reliability of chronic tic disor-
der and obsessive-compulsive disorder diagnoses in the Swedish
National Patient Register. British Medical Journal Open, 5(6),
¢007520. https://doi.org/10.1136/bmjopen-2014-007520.

Russell, A. J., Mataix-Cols, D., Anson, M., & Murphy, D. G. M.
(2005). Obsessions and compulsions in Asperger syndrome and
high-functioning autism. British Journal of Psychiatry, 186, 525—
528. https://doi.org/10.1192/bjp.186.6.525.

Russell, A. J., Murphy, C. M., Wilson, E., Gillan, N., Brown, C.,
Robertson, D. M., et al. (2016). The mental health of indi-
viduals referred for assessment of autism spectrum disorder in
adulthood: A clinic report. Autism, 20(5), 623—-627. https://doi.
org/10.1177/1362361315604271.

Sukhodolsky, D. G., Scahill, L., Gadow, K. D., Arnold, L. E., Aman,
M. G., McDougle, C. J., et al. (2008). Parent-rated anxiety symp-
toms in children with pervasive developmental disorders: Fre-
quency and association with core autism symptoms and cogni-
tive functioning. Journal of Abnormal Child Psychology, 36(1),
117-128. https://doi.org/10.1007/s10802-007-9165-9.

Tani, M., Kanai, C., Ota, H., Yamada, T., Watanabe, H., Yokoi, H.,
et al. (2012). Mental and behavioral symptoms of person’s with
Asperger’s syndrome: Relationships with social isolation and
handicaps. Research in Autism Spectrum Disorders, 6, 907-912.

van Steensel, F. J., Bogels, S. M., & Perrin, S. (2011). Anxiety disor-
ders in children and adolescents with autistic spectrum disorders:

@ Springer

A meta-analysis. Clinical Child and Family Psychology Review,
14(3), 302-317. https://doi.org/10.1007/s10567-011-0097-0.

Vasa, R. A., & Mazurek, M. O. (2015). An update on anxiety in youth
with autism spectrum disorders. Current Opinion in Psychiatry,
28(2), 83-90. https://doi.org/10.1097/YCO.0000000000000133.

Weisbrot, D. M., Gadow, K. D., DeVincent, C. J., & Pomeroy, J.
(2005). The presentation of anxiety in children with pervasive
developmental disorders. Journal of Child and Adolescent Psy-
chopharmacology, 15(3), 477-496. https://doi.org/10.1089/
cap.2005.15.477.

White, S. W., Oswald, D., Ollendick, T., & Scahill, L. (2009). Anxiety
in children and adolescents with autism spectrum disorders. Clini-
cal Psychology Review, 29(3), 216-229. https://doi.org/10.1016/j.
¢pr.2009.01.003.

Xie, S., Karlsson, H., Dalman, C., Widman, L., Rai, D., Gardner, R. M.,
et al. (2019). Family history of mental and neurological disorders
and risk of autism. JAMA Network Open, 2(3), e190154. https://
doi.org/10.1001/jamanetworkopen.2019.0154.

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


https://doi.org/10.1136/bmjopen-2014-007520
https://doi.org/10.1192/bjp.186.6.525
https://doi.org/10.1177/1362361315604271
https://doi.org/10.1177/1362361315604271
https://doi.org/10.1007/s10802-007-9165-9
https://doi.org/10.1007/s10567-011-0097-0
https://doi.org/10.1097/YCO.0000000000000133
https://doi.org/10.1089/cap.2005.15.477
https://doi.org/10.1089/cap.2005.15.477
https://doi.org/10.1016/j.cpr.2009.01.003
https://doi.org/10.1016/j.cpr.2009.01.003
https://doi.org/10.1001/jamanetworkopen.2019.0154
https://doi.org/10.1001/jamanetworkopen.2019.0154

	Anxiety Disorders in Adults with Autism Spectrum Disorder: A Population-Based Study
	Abstract
	Introduction
	Methods
	Study Setting and Design
	Identification of ASD
	Identification of Anxiety Disorders
	Covariates
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Acknowledgments 
	References




