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Objective: Evidence suggests that individuals with autism spectrum disorder have increased rates of co-occurring
psychosis and/or bipolar disorder. Considering the peak age of onset for psychosis and bipolar disorder occurs in
adulthood, we investigated the co-occurrence of these disorders in adults with autism.

Methods: We conducted a systematic review and meta-analysis (PROSPERO Registration Number:
CRD42018104600) to (1) examine the prevalence of psychosis and bipolar disorder in adults with autism, and
(2) review potential risk factors associated with their co-occurrence.

Results: Fifty-three studies were included. The pooled prevalence for the co-occurrence of psychosis in adults with
autism was 9.4 % (N = 63,657, 95 %CI = 7.52, 11.72). The pooled prevalence for the co-occurrence of bipolar
disorders in adults with autism was 7.5 % (N = 31,739, 95 %CI = 5.79, 9.53).

Conclusions: Psychosis and bipolar disorder occur at a substantially higher prevalence in adults with autism
compared to general population estimates. While there is an overall dearth of research examining risk factors for
these disorders in autism, males had increased likelihood of co-occurring psychosis, and females of co-occurring
bipolar disorder. These results highlight the need for ongoing assessment and monitoring of these disorders in
adults with autism.

1. Introduction

Autism spectrum disorders (henceforth, ‘autism’) cover a set of
chronic, neurodevelopmental disorders, lying on a spectrum of severity,
typically diagnosed in childhood (Lord et al., 2018). Globally, the
prevalence is estimated to be 1-1.5 % (Baxter et al., 2015). There is
evidence for increased rates of psychiatric disorders in people with
autism with several studies reporting co-occurring diagnoses in more
than 70 % of their samples (Gillberg et al., 2016; Lever and Geurts,
2016). However, absolute prevalence rates of specific disorders are
highly variable due to many factors, such as how the diagnosis was
obtained, sampling differences, and the conditions studied.

Schizophrenia spectrum and other psychotic disorders (henceforth,

‘psychosis’) and bipolar disorders are of particular interest because of
their potentially severe impact on clinical and functional outcomes, and
because improving understanding of their co-occurrence with autism
can inform developmental trajectories and treatments for these condi-
tions. While conceptualised as distinct disorders, autism, psychosis and
bipolar share overlapping clinical features (e.g., social difficulties and
withdrawal, repetitive behaviour) (Oliver et al., 2021; Skokauskas and
Frodl, 2015), genetic variants and gene expression patterns (Gandal
et al., 2018), and aetiological risk factors (Sullivan et al., 2012, 2013).
Likely related to the shared phenomenological and genetic overlap be-
tween these disorders, multiple reviews and meta-analyses have now
reported that psychosis and bipolar disorders occur at increased prev-
alence in autism compared to the general population (Hossain et al.,
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2020; Lai et al., 2019). Prevalence estimates reported across reviews,
however, are variable, ranging from 4% to 67% for psychosis and 5% to
21 % for bipolar disorders. Prevalence estimates from meta-analyses
range from 4% to 11.8% (Lai et al., 2019; De Giorgi et al., 2019;
Lugo-Marin et al., 2019; Marin et al., 2018) for psychosis and 5% for
bipolar and related disorders (Lai et al., 2019).

Most commonly, these estimates have been based on studies across
the lifespan (Hossain et al., 2020). Only two meta-analyses to date have
examined prevalence estimates specifically for the occurrence of psy-
chosis in adults (i.e., >18 years) with autism. These meta-analyses
capture articles published until 2016 and report prevalence estimates
(for schizophrenia spectrum disorders) of 6.4 % for adults with autism
with an IQ above 70 (Marin et al., 2018) and 11.8 % for adults with
autism, irrespective of IQ estimate (Lugo-Marin et al., 2019). No
meta-analyses to date have specifically examined the prevalence of bi-
polar disorder in adults with autism. Establishing the prevalence of these
disorders in adulthood is important considering the peak age of onset for
psychosis and bipolar disorder occurs in adulthood (i.e., between 20-29
years; Dagani et al., 2019; Miettunen et al., 2019). As such, prevalence
estimates are expected to be higher amongst adults compared to esti-
mates in children or adolescents. Moreover, childhood/adolescent onset
psychosis and bipolar disorders appear to have different outcomes,
potentially because of different aetiological pathways, compared to
adult-onset disorders, warranting their independent examination
(Carlson et al., 2000; Ballageer et al., 2005; Frahm Laursen et al., 2019).

In the current meta-analysis and narrative synthesis, we examined
the prevalence of psychosis and bipolar disorder in adults (i.e., >18
years) with autism. We also reviewed potential risk factors associated
with the co-occurrence of psychosis and/or bipolar disorder in autism.
To our knowledge, this is the first systematic review of risk factors
associated with these co-occurring conditions in adults with autism.

2. Method

The review protocol was registered with PROSPERO in August 2018
(Registration Number: CRD42018104600). Amendments to the protocol
were recorded with Prospero and are available from https://www.crd.
york.ac.uk/prospero/display_record.php?ID = CRD42018104600. The
review was initially conducted according to the 2009 Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement (Moher et al., 2009). During publication, an updated PRISMA
statement was published (Page et al., 2021). As such, reporting was
updated to meet the PRISMA 2020 statement.

2.1. Eligibility

Studies were eligible for inclusion if they met all the following
criteria: (i) peer-reviewed journal articles; (ii) written in English or with
an English translation available; (iii) study of individuals with autism
that also examines any schizophrenia spectrum or other psychotic dis-
order and/or bipolar disorders; (iv) clinical diagnoses of autism estab-
lished on the basis of diagnostic classifications in the Diagnostic and
Statistical Manual for Mental Disorders (DSM) and/or the International
Classification of Diseases (ICD) or standardised diagnostic instruments
known to map onto DSM/ICD diagnostic criteria; (v) schizophrenia
spectrum or other psychotic disorders and bipolar disorder diagnoses
established on the basis of diagnostic classifications in the DSM/ICD,
and/or standardised diagnostic instruments known to map onto the
DSM/ICD diagnostic criteria, and/or diagnoses made by a qualified
health professional; (vi) sample mean or median age of 18 years or
above (or sample specified as ‘adults’). Studies were eligible if they
included individuals <18 years if they presented a separate analysis for
individuals >18 years. As we were interested in both prevalence of co-
occurrence and risk factors that may be associated with co-occurring
psychosis or bipolar, studies were included for review if they reported
on either of these.
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Studies were excluded if they met any of the following criteria: (i)
non peer-reviewed publications, systematic reviews, case studies,
editorial/letter/conference abstract, dissertations, grey literature; (ii)
studies that primarily focused on participants with medical conditions
associated with psychosis; (iii) studies that focused on participants with
psychiatric disorders due to a general medical condition; (iv) studies
that did not examine co-occurrence for separate diagnostic categories (i.
e., diagnoses combined into an umbrella category of “mental disor-
ders™); (v) autism was not the primary disorder; (vi) the sample and
prevalence rates or risk factors overlapped with another (published)
sample included in the review. Data from overlapping samples were
included if they reported on different outcomes.

2.2. Literature search strategy

The search strategy was developed by the study team and refined by
a senior librarian for Health and Medical Sciences at the University of
Western Australia. The initial literature search was conducted in
September 2018 and updated in February 2019 and September 2021.
The search was conducted in the following databases: MEDLINE,
Embase, PsycInfo, CINAHL, and Cochrane Central Register of Controlled
Trials (CENTRAL). The complete search strategy is provided in Supple-
mentary 1.

The search was limited to articles published from January 1980
(when autism was first classified as distinct from psychotic disorders) to
September 1 2021. A manual search was also performed by reviewing
reference lists of eligible studies. The bibliographic and manual searches
were conducted by a single reviewer (KV).

2.3. Study selection

All references and identification of duplicates was managed in
Endnote (Version X8.2). Titles and abstracts were screened (by KV) for
any potentially relevant studies. Studies were excluded at this stage
(based on the title or abstract) if they met any one of the exclusion
criteria. Full-text articles of all potentially relevant peer-reviewed pa-
pers were evaluated for inclusion, independently, by two reviewers (KV
and either one of AL, SH or SW) against the eligibility criteria. Any
disagreements regarding eligibility were resolved by a third reviewer
(SW, AL). Agreement between the independent reviewers was 92 %. In
two instances, authors had to be contacted to confirm the mean age of
the study sample to determine eligibility for the review.

2.4. Data extraction

One reviewer (KV) extracted data for all included full-text articles
into a specifically developed standardised data extraction form. A sec-
ond reviewer cross-checked all data extraction for accuracy (YC, SH).
Any discrepancies were then resolved by consensus or by a third
reviewer (AL). Data extracted included study information (authors,
country, study design, diagnostic classification systems), sample char-
acteristics (diagnoses, age, gender ratio, intellectual quotient/intellec-
tual disability, sample size), prevalence estimates of co-occurrence in
autism, and group differences indicating potential risk factors examined.
In instances where prevalence was reported as both current and lifetime
diagnoses, we extracted lifetime prevalence estimates. Unless otherwise
specified, information extracted was for individuals aged >18 years. We
extracted both the numerator and denominator in which prevalence
estimates could be derived for our meta-analyses. In cases where authors
only reported percentages (rather than providing the original numbers
in which those estimates were derived), the authors were contacted with
a request to provide the numerator and denominators for the relevant
prevalence estimate.
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2.5. Risk of Bias assessment

Risk of bias was assessed for all studies using the Hoy Risk of Bias
Tool (Hoy et al., 2012). The tool evaluates prevalence studies according
to 10 items (each scored O or 1 for the absence or presence of bias,
respectively). A summary score (out of 10) was obtained to indicate risk
of bias (low [0-3], moderate [4-6], high [7-10]). In instances where
information was not reported or unclear, we rated that item for the
presence of bias. Risk of bias for all included studies was evaluated
independently by two reviewers (KV, YC) and any discrepancies
resolved by consensus. Percentage agreement between the two re-
viewers was 94 %. Supplementary 2 provides the risk of bias ratings for
all items in each study.

2.6. Synthesis of results

2.6.1. Statistical analysis of prevalence estimates

Statistical analysis was conducted in R (Version 4.0.2) using the meta
and metafor R-packages (Viechtbauer and Cheung, 2010; Schwarzer,
2007; Wang, 2018). Consistent with methods outlined in Wang (2018),
random-effect models were conducted separately to estimate (i) the
pooled prevalence of psychosis in autism and (ii) the pooled prevalence
of bipolar disorders in autism. Publication bias was assessed using fun-
nel plots and Egger’s regression test (see Supplementary 3 for further
information about the use of Egger’s regression test in this context).
Heterogeneity was assessed using Q and I? statistics. In the case of
moderate-to-high statistical heterogeneity (> >25 %), leave-one-out
analyses were conducted to determine potential outliers or studies
that were having an undue influence on prevalence estimates (Viecht-
bauer and Cheung, 2010; Wang, 2018; Willis and Riley, 2017). In
leave-one-out analyses, each study (k) was removed in turn one at a time
and the summary prevalence was re-estimated, and influential di-
agnostics determined, based on the remaining k-1 studies.
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2.6.2. Narrative synthesis of risk factors

Due to the high variability in the range and reporting of factors
examined as potential risk factors, we summarised the outcomes of these
studies in the form of a narrative (rather than quantitative) synthesis.
Risk factors and/or group differences indicating potential risk factors
are presented separately for the co-occurrence of (i) psychosis in autism,
and (ii) bipolar disorders in autism.

3. Results

After full-text screening, there were 53 eligible studies (see Fig. 1 for
the PRISMA Flow Diagram). Of these, four studies reporting prevalence
estimates did not include raw numbers (i.e., only percentages). For two
of these studies (Supekar et al., 2017; Kohane et al., 2012), we did not
receive a response from the authors following our request for their raw
numbers. These two studies were excluded from the quantitative syn-
thesis, however, as both reported on risk factors associated with the
co-occurrence of psychosis in autism, the studies were retained in the
review for the narrative synthesis of risk factors. Four studies (Hand
et al., 2020; Fusar-Poli et al., 2019; Mouridsen et al., 2008a; Tsakanikos
et al., 2006) were excluded due to overlapping samples with an already
included study (Gilmore et al., 2021; Fusar-Poli et al., 2020; Mouridsen
et al., 2008b; Tsakanikos et al., 2011). In these instances, the most
recently published prevalence estimate was selected. For Mouridsen
et al. where both papers were published in the same year (Mouridsen
et al., 2008a, b), we selected the paper with the larger sample size. An
additional study (Foss-Feig et al., 2019) was excluded after author
confirmation that the mean age at follow-up was <18 years.

Across the 53 included studies: (i) 45 were included in the meta-
analysis examining the prevalence of psychosis in autism, (ii) 27 were
included in the meta-analysis examining the prevalence of bipolar dis-
orders in autism (24 of which were also included in the psychosis
prevalence meta-analysis), (iii) 14 reported on risk factors or group
differences indicating potential risk factors for the co-occurrence of

[ Identification of studies via databases and registers ]

Records identified from:
MEDLINE (n = 5,221)
Embase (n = 14,150)

Records removed before
screening:

v

PsyclInfo (n = 5,502)
CINAHL (n = 1,898)
CENTRAL (n = 220)
Reference-list search (n = 17)

Identification

Duplicate records removed
(n=8,638)

Records marked as ineligible
by automation tools (n = 0)
Records removed for other
reasons (n = 0)

}

Records screened
(n=18,370)

Reports sought for retrieval

A4

Records excluded
(n=18,210)

(n = 160)
!

Reports assessed for eligibility

Screening

Reports not retrieved
(n=0)

(n = 160) >

A4

Studies included in qualitative
review

(n=53)

Studies included in meta-analysis
(n = 45 psychosis;

n = 27 bipolar disorder)

Included

Reports excluded:
Mean age <18 years (n = 30)
Did not report comorbidity (n = 23)
Diagnoses not confirmed (n = 16)

Did not report separate diagnostic categories (n = 9)
Conference abstract/letter/ review/commentary (n = 8)

No English translation (n = 6)
Case study (n = 5)
Autism not primary disorder (n = 5)

Overlapping sample with another study (n = 5)

Fig. 1. PRISMA Flow Diagram.




K.J. Varcin et al.

psychosis and autism, and (iv) 6 reported on risk factors or group dif-
ferences indicating potential risk factors for the co-occurrence of bipolar
disorders and autism.

3.1. Study characteristics

Dates of publication ranged from 2003 to 2021 (Table 1). The USA (k
= 15), Sweden (k=10), and the UK (k = 9) were the most commonly
represented countries. All eligible versions of the DSM (III, IV/IV-TR, 5)
and ICD (Sullivan et al., 2012, 2013; Hossain et al., 2020) were repre-
sented, with the DSM-IV/DSM-IV-TR (k = 24) and the ICD-10 (k = 18)
the most commonly used classification systems for autism diagnoses.
Diagnostic descriptions of autism (as reported by study authors) are
outlined in Table 1.

Participant ages across studies ranged from 11 to 96 years (13 studies
did not report age range, only a mean/median age). Forty-seven of the
53 studies reported on the gender distribution of participants. Of these,
45 (96 %) studies involved samples that were predominately male (i.e.,
>50 % of the sample). Only 32 studies (56 %) reported on the proportion
of intellectual disability for participants, ranging from 0% through 100
% of the sample (typically because they were selected to not have/have
comorbid intellectual disability). Characteristics of all studies are pre-
sented in Table 1.

3.2. Risk of Bias

Risk of bias scores ranged from 1 to 7, with the majority of included
studies (98 %) assessed as being at low to moderate risk of bias (low: k =
22, 41 %; moderate: k = 30, 57 %; high: k = 1, 2%).

For prevalence studies examining the co-occurrence of psychosis and
bipolar in autism, the most common risks of bias included: (i) a study
sample that was not representative of the national population (91 %
psychosis prevalence studies, 96 % bipolar prevalence studies), (ii)
different modes of data collection used within the sample (62 % psy-
chosis studies, 63 % bipolar studies), (iii) data not being collected
directly from participants (62 % psychosis studies, 60 % bipolar studies),
(iv) no demonstrated reliability or validity in the reporting of study
measures (49 % psychosis studies, 41 % bipolar studies), and (v) a lack
of random selection or census approach in sampling participants (38 %
psychosis studies, 41 % bipolar studies).

3.3. Prevalence of psychosis in autism

Forty-five studies involving 63,657 individuals aged between 11-96
years (with a mean/median age of 18.3-64 years) reported on the co-
occurrence of psychosis in autism (Gillberg et al., 2016; Supekar et al.,
2017; Kohane et al., 2012; Gilmore et al., 2021; Fusar-Poli et al., 2020;
Mouridsen et al., 2008b; Tsakanikos et al., 2011; Anckarsater et al.,
2008; Billstedt et al., 2005; Buck et al., 2014; Cederlund et al., 2008;
Chen et al., 2015; Croen et al., 2015; Davignon et al., 2018; Etyemez
et al., 2020; Gesi et al., 2021; Geurts and Jansen, 2012; Ghaziuddin and
Zafar, 2008; Haw et al., 2013; Helverschou et al., 2021, 2015; Hofvander
et al., 2009; Houghton et al., 2017; Hutton et al., 2008; Isenberg et al.,
2021; Ketelaars et al., 2008; LoVullo and Matson, 2009; Lugnegard
et al., 2011; Lunsky et al., 2009; McCarthy et al., 2010; Melville et al.,
2008; Morgan et al., 2003; Moseley et al., 2011; Mosner et al., 2019;
Nahar et al., 2019; Nylander et al., 2018, 2013; Pehlivanidis et al., 2020;
Raja and Azzoni, 2010; Roy et al., 2015; Russell et al., 2016; Rydén and
Bejerot, 2008; Schalbroeck et al., 2019; Sheehan et al., 2021; Stahlberg
et al.,, 2004; Tint et al., 2021; Vohra et al., 2017). Author-reported
diagnostic descriptions (or categories of diagnosis) for psychosis were
variable and are presented in Table 1. Prevalence rates reported across
studies for the co-occurrence of psychosis in autism, ranged from 0 to
62% of the total autism sample.

As can be seen in Fig. 2, based on the results of the meta-analysis, the
pooled prevalence of psychosis in autism across studies was 9.4 % (45
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studies, N = 63,657, 95 %CI = 7.52, 11.72). There was evidence of
publication bias (Egger’s t=-3.67, p < .001) however see Supplementary
4 for further details and discussion. Heterogeneity was high (Q =
1803.57, df = 44, ? = 97.56 %, p < .001). Leave-one-out analyses
revealed that Davignon et al. (2018) and Raja and Azzoni (2010) were
having an undue influence on the prevalence estimate (see Supple-
mentary 5). However, removal of these studies had only a negligible
effect on the prevalence estimate (10.0 %, 42 studies, N = 59,508, 95 %
CI = 8.06, 12.43), as they were influencing it in opposing directions, and
heterogeneity remained high (Q = 1558.24, df = 42, I? = 97.30 %, p<
.001; see Supplementary 5). This indicates that heterogeneity was not
solely due to outliers and might rather be due to heterogeneity of true
effects (Wang, 2018). Thus, 9.4 % appears to be a valid representation of
the prevalence of psychosis in adults with autism.

3.4. Prevalence of bipolar disorders in autism

Twenty-seven studies involving 48,973 individuals aged between
11-62 years (with a mean/median age of 18.3-48 years) reported on the
co-occurrence of bipolar disorders in autism (see Table 1) (Gillberg
et al., 2016; Anckarsater et al., 2008; Buck et al., 2014; Cederlund et al.,
2008; Chen et al., 2015; Croen et al., 2015; Davignon et al., 2018; Haw
etal., 2013; Hofvander et al., 2009; Houghton et al., 2017; Hutton et al.,
2008; Isenberg et al., 2021; LoVullo and Matson, 2009; Lugnegard et al.,
2011; Morgan et al., 2003; Moseley et al., 2011; Mosner et al., 2019;
Nahar et al., 2019; Pehlivanidis et al., 2020; Roy et al., 2015; Russell
et al., 2016; Rydén and Bejerot, 2008; Schalbroeck et al., 2019; Stahl-
berg et al., 2004; Kirsch et al., 2020; Mazefsky et al., 2008; Munesue
et al., 2008). Prevalence rates reported across studies for the
co-occurrence of bipolar disorders in autism, ranged from 0 %-39 % of
the total autism sample.

As can be seen in Fig. 3, the pooled prevalence of bipolar disorders in
autism was 5.9 % (27 studies, N = 48,973, 95 %CI = 3.89, 8.78). There
was evidence of publication bias (Egger’s t=-2.19, p = .028; however see
Supplementary 6 for further details). Heterogeneity was high (Q =
1240.23, df = 26, I> = 97.9 %, p < .001). Outlier removal of one study
(Schalbroeck et al., 2019) increased the prevalence estimate to 7.5 % (26
studies, N = 31,739, 95 %CI = 5.79, 9.53), and heterogeneity decreased
but remained high (Q = 305.82, df = 25, I> = 91.83 %, p < .001; see
Supplementary 7). Thus, 7.5 % might be a more valid representation of
the prevalence of bipolar disorders in adults with autism, and hetero-
geneity might again be primarily due to heterogeneity of true effects
(Wang, 2018).

3.5. Risk factors

3.5.1. Psychosis

Fourteen studies (Gillberg et al., 2016; Supekar et al., 2017; Kohane
et al., 2012; Gilmore et al., 2021; Tsakanikos et al., 2011; Buck et al.,
2014; Croen et al., 2015; Isenberg et al., 2021; McCarthy et al., 2010;
Raja and Azzoni, 2010; Schalbroeck et al., 2019; Stahlberg et al., 2004;
Larson et al., 2015, 2017) included an examination of risk factors
associated with the co-occurrence of psychosis in autism (see Table 1).
As shown in Table 1, the range of variables examined in relation to
co-occurring autism and psychosis was varied and included
socio-demographic, clinical, IQ and other variables related to
author-specified behaviours of interest (i.e., challenging behaviours,
empathizing bias).

All outcomes from each study examining psychosis in autism are
reported in Supplementary 8. Gender was the most examined variable,
with seven studies examining the association between gender and psy-
chosis co-occurrence in autism. Of these seven studies, six reported
higher rates of psychosis diagnoses in males compared to females
(Supekar et al., 2017; Tsakanikos et al., 2011; Raja and Azzoni, 2010;
Schalbroeck et al., 2019; Larson et al., 2015, 2017); only one study
found higher rates of psychosis in females with autism (Croen et al.,
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Table 1
Characteristics, prevalence rates, and risk factors examined in included studies.
Author, Year Country Autism Co-occurring Sample Mean/ Age % Male Intellectual Prevalence Risk factors /
diagnoses diagnoses (as size (N) median range disability %° group
(diagnostic specified by (mdn) age (years) (%) (numerator/ differences
system) authors) (years) denominator)  examined
Psychotic Not Not
Autism; disorder; 26.2 reported o
Asperger’s schizoaffective 20 (Mdn) 18-47 for 18+ ;espfrtzgrior 5% (1/20) B
Anckarsater syndrome; syndrome years Y
Sweden .
et al., 2008 atypical Not Not
autism(DSM- . A 26.2 reported o
v Bipolar disorder 20 (Mdn) 18-47 for 18+ reported for 20 % (4/20) -
18+ years
years
Autistic
disorder;
Billstedt atypical . o o
et al., 2005 Sweden autism; other Psychosis 108 25.5 17-40 70 >71 % 7% (8/108) -
ASD (DSM-1V,
ICD-10)
0,
Not reported Psychosis 129 36.4 26—-54 75 73 10% (13/ Ir?tell?c.tual
Buck et al., 129) disability
2014 UsA (DSM-III, Bipolar disorder/
DSM-IV-TR) P . 129 36.4 26—-54 75 73 6% (8/129) -
expansive mood
Asperger Not
syndrome; . reported Not
Psych 1 16— 1 % 1 -
autistic sychosis 40 for 18+ 6-38 0o reported 4% (6/140)
Cederlund Sweden disorder years
et al., 2008 [autism, Not
atypical Bipolar disorder 140 reported 6 38 100 Not 1% (1/140)
autism] (DSM- P for 18+ reported 0 a
1V, ICD-10) years
1 0,
Autism Schizophrenia 725 183 Not 77 Not 11 % @81/ -
Chen et al., Taiwan spectrum reported reported 725)
201 disorder (ICD- ;0 oy disorder 725 183 Not 77 Not 4% (29/725) -
9) reported reported
S Schizophrenic Y
Autism; disorders; other 1507 29.0 Not 73 19 14% (213/ Gender
Croen et al., Asperger’s reported 1507)
. USA . psychoses
2015 disorder; PDD- Not 11 % (159/
NOS (ICD-9) Bipolar disorder 1507 29.0 reported 73 19 1507) Gender
. Schizophrenic o
. Autism disorders; other 4123 18.4 14-25 81 13 2% (70/ -
Davignon USA spectrum svchoses 4123)
et al., 2018 disorder (ICD- psy! 6% (264/
. N 0
9) Bipolar disorder 4123 18.4 14-25 81 13 4123) -
Autism
Etyemez USA spectrum Psychosis 72 234 18-57 Mot Not 18%(13/72) -
et al., 2020 disorder (ICD- 4 ’ reported reported ’
9)
Autism
Fusar-Poli spectrum o
et al,, 2020 Italy disorder Psychoses 161 23 (Mdn) 18-55 80 21 4% (7/161) -
(DSM-5)
Autism
Gesi et al., spectrum Psychotic Not
Ital 1 28. % (2/61 -
2021 taly disorder spectrum disorder 6 8.5 reported 64 0 3% (2/61)
(DSM-5)
Autistic
disorder; Schizophrenia
Geurts and Not Asperger (included
Jansen, Pers e 105 31.0 18-64 76 34 9% (9/105) -
2012 reported syndrome; dissociative
PDD-NOS disorders)
(DSM-IV-TR)
Autism;
Ghaziuddin ?;Es;gge‘ Not
4 i _ 0, —
ZggSZa[ar, USA PDD-NOS Psychosis 28 26.5 18-57 64 reported 7% (2/28)
(DSM-1V,
DSM-IV-TR)
Autism Not Autism
spectrum Psychosis 50 30.2 23-43 100 2% (1/50) diagnostic
- reported L
. disorder; stability
Gillberg L
Sweden autistic .
et al,, 2016 disorder: Not Autism
’ Bipolar disorder 50 30.2 23-43 100 4% (2/50) diagnostic
Asperger reported L
stability
syndrome

(continued on next page)
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Table 1 (continued)

Author, Year Country Autism Co-occurring Sample Mean/ Age % Male Intellectual Prevalence Risk factors /
diagnoses diagnoses (as size (N) median range disability %* group
(diagnostic specified by (mdn) age (years) (%) (numerator/ differences
system) authors) (years) denominator)  examined

(DSM-1V, ICD-

10, DSM-5)
Gilmore USA Autism Schizophrenia/ 4685 Not 65-84+ 68 44 18 % (833/ Intellectual
et al., 2021 spectrum psychotic reported 4685) disability
disorder (ICD- disorders
10)
Autism; Schizophrenia and Not
uism chizophreniaand 27 (Mdn)  19-57 100 © 36 % (16/45) -
atypical related disorders reported
R
Derg! Bipolar disorder 45 27 Mdn)  19-57 100 0% (0/45) -
syndrome reported
(ICD-10)
Asperger
syndrome;
other ASD
including
Helverschou childhood
’ Norway autism, Psychoses 45 28.3 15-67 85 33 13 % (6/45) -
et al.,, 2015 .
atypical
autism, other
specified PDD,
PDD-NOS
(ICD-10)
Autism
Helverschou, spectrum . 33% (43/
2020 Norway disorder (ICD- Psychosis 132 28.6 16—66 67 100 132)
10)
Autistic Psychotic 12% (15/
disorder; disorders 122 29 (Mdn) 16-60 67 0 122) -
Hofvander France, Asperger
et al., 2009 Sweden syndrome; . . o
PDD-NOS Bipolar disorder 122 29 (Mdn) 16—60 67 0 8% (10/122) -
(DSM-1V)
Not 18—-24 yrs:
Autistic . . Not reported 22 25-49 5% (1178/
disorder; other Schizophrenia 22,253 reported 18-50+ for 18+ yrs: 36 50+ 22,253) -
Houghton USA specified years yrs: 37
et al.,, 2017 PDDs; Not 18—24 yrs:
unspecified . . Not reported 22 25-49 12% (2677/
Bipolar disord: 22,253 18-50 -
PDD (ICD-9) iporar cisorder g reported o foris+ yrs: 36 50+ 22,253)
years yrs: 37
Not reported. ¢ 15/ bhrenia 135 34.9 21-57 77 Not 0% (0/135) -
Diagnoses reported
Hutton et al., g
2008 UK confirmed Not
with ADI and Bipolar disorder 135 349 21-57 77 ° 1% (1/135) -
reported
ADOS.
ASD only:
26.2 Not Substance use
Autisti Psychosi 18— 13 %
.u 1stic Sychosis 63 ASD + 8-47 65 reported 3% (8/63) disorder (SUD)
disorder,
Isenberg N SUD: 35.2
o USA Asperger’s
et al., 2021 disorder. PDD ASD only:
) . 26.2 Not Substance use
NOS (DSM-1V Bipolar disord: 63 18—47 65 25 % (16/63
( ) Ipolar disorder ASD + reported 0 (16/63) disorder (SUD)
SUD: 35.2
nghA . Schizophrenia;
functioning o
. psychotic disorder
Ketelaars autism, NOS; mood
) 4 ’ — [} -
et al., 2008 Netherlands A‘sperger s disorder with 15 22 18—-24 80 0 13 % (2/15)
disorder; svchotic
PDDS-NOS f ryn o
(DSM-IV) ymp
Kirsch et al., Not reported . . 22.8 Not 5% (47/
2020 USA (DSM-IV-TR) Bipolar disorder 1014 (Mdn) 18-28 74 reported 1014)
Autistic
disorder; Not Not Numerator/
K(ihan‘e etal., USA Asperger’s Schizophrenia reported Not 18—34 reported Not denominator Age (0-17,
2012 syndrome; for 18+ reported for 18+ reported 18-34)
not reported
other PDDs years years
(ICD-9)
Autism & Family hist
Kurita et al Autistic Bipolar disorder biu clj::' o?r::lr:ool; o
maetals papan disorder; PDD- P 46 P 14-33 91 100 - ' )
2004 (I, II, NOS) disorder: disorder; family
NOS (DSM-III) .
23.5 history of a

(continued on next page)
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Author, Year Country Autism Co-occurring Sample Mean/ Age % Male Intellectual Prevalence Risk factors /
diagnoses diagnoses (as size (N) median range disability %* group
(diagnostic specified by (mdn) age (years) (%) (numerator/ differences
system) authors) (years) denominator)  examined
developmental
disorder;
obstetric risk
factors; weight
at birth; body
length at birth;
developmental
landmarks
(head control,
Autism walking,
only: 22.8 speech); CARS-
TV total score;
CARS-TV 15
item scores;
history of
epileptic EEG
abnormality;
epilepsy; age at
onset of
epilepsy
Autistic Autism &
disorder; psychosis:
childhood Not 81 Gender; full
Larson et al., autism; L. reported. Not Not scale 1Q;
2015 UK Asperger’s Psychotic illness 135 All 16 reported  Autism-no reported - empathizing
disorder; PDD- years+ psychosis: bias
NOS (DSM-1V- 46
TR)
Affective Autism & Autism &
psychosis; psychosis: psychosis:
Not reported. schizophrenia 27.7 84
All had a (including
Larson et al., cl.inical . schizoaffective Not Gender{ verbal
2017 UK diagnosis of anq ) 144 ASD-no 17-55 ASD-no reported - 1Q; Autism
ASD or met schizophreniform . . symptoms
- . psychosis: psychosis:
criteria on the disorders); other 27.8 46
ADOS/ADI-R. psychosis (non- ’
affective
psychosis)
LoVullo and Autistic Psychotic disorder ) ¢, 48 Not 62 100 1% (2/162) -
disorder; PDD-  NOS reported
Matson, USA NOS (DSM-IV- ) Not ,
2009 TR, ICD-10) Bipolar NOS 162 48 reported 62 100 6% (9/162) -
Asperger . Not Not
syrljdrgme. All Psychosis 54 2 reported 48 reported 4% 2/59) -
had a clinical
Lugnegard diagnosis and
ctal, 2011  Sweden most Not Not
’ diagnoses Bipolar disorder 54 27 48 9% (5/54) -
. reported reported
confirmed
with DISCO-
11.
bunser <l Ganada Igg;)r_‘;g""ed Psychotic disorder 23 35.4 lr\gorte g 7 100 26% (6/23) -
Autistic . .
sziffk‘z s USA disorder fllpl‘;;ar disorder ¢ 24.8 18-32 94 71 6% (1/16) -
(DSM-1V) ?
Not
McCarthy Schizophrenia Not reported Challengin
et al., é(ﬂ 0 UK PDD (ICD-10) spectrli)m disorder 124 reported 18-65 f01l')18+ 100 9% (11/124) behavioir ¢
years
. Not reported
Melville Scotland (DSM-IV-TR, Psychotic disorder 77 37.8 Not 77 100 0% (0/77) -
et al., 2008 reported
ICD-10)
Autistic Schizophrenia;
spectrum schizoaffective 164 rNe(;)torte d rNe(;)torte d 80 i\]e(;;rte d 6% (10/164) -
disorder disorder
Morgan et al., (1nc1-udes
2003 UK atypical
autism, Bipolar disorder 164 Not Not 80 Not 11 % (18/ B
childhood reported reported reported 164)

autism) (ICD-
10)

(continued on next page)
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Table 1 (continued)

Author, Year Country Autism Co-occurring Sample Mean/ Age % Male Intellectual Prevalence Risk factors /
diagnoses diagnoses (as size (N) median range disability %* group
(diagnostic specified by (mdn) age (years) (%) (numerator/ differences
system) authors) (years) denominator)  examined
Moseley ) Autistic Psychotic 84 19.5 11-30 82 79 0% (0/84) -
etal. 2011 Australia disorder disorders
’ (DSM-IV-TR) Bipolar I disorder 84 19.5 11-30 82 79 4% (3/84) -
Not reported. Psychosis 32 20.19 18-25 88 0 0% (0/32) -
All had clinical
Mosner et al., USA diagnoses
2019 . Bipolar disorder 32 20.19 18-25 88 0 0% (0/32) -
confirmed
using ADOS-2
Schizophrenia
spectrum
disorders
Mouridsen Infantile fisec]}llllszit;gl;lrema,
et al., Denmark autism (ICD-8, disorders. acute 118 40.6 25-55 72 70 7% (8/118) -
2008b ICD-9) L
psychotic
disorder,
unspecified non-
organic psychosis)
Asperger . .
M‘;:’fjf'cz oz Japan disorder; PDD- ](31“’1‘1’131; g;order 44 20.6 13-30 64 0 27% (12/44) -
’ NOS (DSM-1V) *
Asperger’s Psychotic 33 22.8 17-37 78 0 27% (9/33) -
. syndrome; spectrum disorder
Nahar, 2018 India PDD-NOS Bipolar affective .
(ICD-10) disorder 33 22.8 17-37 78 0 39 % (13/33) -
i Not reported. .
N‘:t”:f”z o1s  Sweden (11(():)1)-9, 1CD- zfs":r]:i‘:r': 270 307 16-63 69 11 2;00;’ &7/ -
Childhood
autism;
Asperger
Nylander syndrome; Psychotic 12% (71/
et al., 2018 Sweden atypical disorders 601 64 55-96 64 43 601) B
autism; other
PDD; PDD-
NOS (ICD-10)
Not ASD only:
Autism Psychotic disorder 87 29 reported 81 ASD + 0 8% (7/87) -
Pehlivanidis Greece spectrum ADHD: 66
et al., 2020 disorder Not ASD only:
(DSM-5) Bipolar disorder 87 29 reported 81 ASD + 0 7% (6/87) -
ADHD: 66
Gender; age;
marital status;
Asperger’s parenthood;
. disorder; BPRS; SAPS;
S Ital autistic Schizophreni 26 30.2 18-56 9 Not 62% (16/26) s MMSE;
2;?‘(’)‘“' taly disorder; PDD-  “CFopnrenia : -5 reported 0(16/26)  {1ppps; BAS;
NOS (DSM-1V- CPZ-
TR) equivalents;
CGI; GAF;
suicidal risk
Asperger Schizophrenia 50 36.5 20-62 68 Not 2% (1/50) -
Roy et al., reported
2015 Germany syndrome Not
(DSM-1V) Bipolar disorder 50 36.5 20-62 68 0% (0/50) -
reported
Childhood Psychotic Not
autism; disorder; 474 30.6 78 0 3% (16/474) -
Asperger’s schizophrenia reported
Russell et al.,
2016 UK syndfor;‘te; Bioolar affect y
atypica ipolar affective ot
autism; PDD- disorder 474 306 reported 78 0 1% (4/474) a
NOS (ICD-10)
Rydén and Autism; Psychosis 84 30 Not 54 0 6% (5/84) -
. Asperger reported
Fe‘]erot, Sweden disorder; PDD- . . Not 0
2008 NOS (DSM-IV) Bipolar disorder 84 30 reported 54 0 2% (2/84) -
Autistic Non-affective Gender;
disorder; psychotic intellectual
Schalbroeck Nether- Asperger’s disorders 5% (845/ disability
et al., 2019 lands syndrome; (schizophrenia, 17,234 23.2 16-35 76 10 17,234) present before
PDD-NOS schizophreniform or at the
(DSM-1V) disorder, moment of the

(continued on next page)
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Author, Year Country Autism Co-occurring Sample Mean/ Age % Male Intellectual Prevalence Risk factors /

diagnoses diagnoses (as size (N) median range disability %* group

(diagnostic specified by (mdn) age (years) (%) (numerator/ differences

system) authors) (years) denominator)  examined
schizoaffective autism
disorder, diagnosis;
delusional migrant status;
disorder, autism subtype;
psychotic disorder age at autism

NOS, brief diagnosis (0-7,

psychotic disorder 8-15, 16-25,
26-35 years)

Bipolar disorder 17,234 23.2 16—-35 76 10 1% (116/ Gender;

(I, I, NOS) 17,234) intellectual
disability
present before
or at the
moment of the
autism
diagnosis;
migrant status;
autism subtype;
age at autism
diagnosis (0-7,
8-15, 16-25,
26-35 years)

Sheehan, UK Autism Schizophrenia 315 30.5 Not 75 0 16% (50/ -
2020 spectrum spectrum reported 315)
disorder (ICD- disorders
10)
Autism; Schizophrenia; Not 5:12):1:?1(;'1(2)
- other psychotic 129 30.6 19-60 61 8% (10/129) ’
Asperger’s disorders reported performance
Stahlberg disorder; 1Q; GAF
et al., 2004 Sweden atypical . . Full scale IQ;
autism (DSM- Bipolar disorder Not verbal 1Q;
with psychotic 129 30.6 19-60 61 7% (9/129) ?
V) features reported performance
1Q; GAF
Not
Supekar ) USA Not reported Schizophrenia 4790 Not 18-354 reported Not g;:)lz?;zgr Gender;ﬁage;
et al., 2017 (ICD-9) reported for 18+ reported gender * age
not reported
years
Autistic
disorder,
Asperger’s
. disorder, . 0 (all
Tintetal,  Ganada Childhood Psychotic mental g0 2314 15-44  female Not 9% (623/ -
2021 . . illness reported 6870)
Disintegrative sample)
disorder, PDD-
NOS (ICD-10,
DSM-1V)
o . Schizophrenia
[sakanikos UK PDD (ICD-10)  spectrum 150 285 16-84 67 100 17 % (25/ Gender
et al., 2011 " 150)
disorders
Vohra et al., Not reported Schizophrenia- and Not Not 17 % (294/
2017 UsA (ICD-QI)) other psychotic 1772 reported 22-64 7 reported 1772) -

disorders

2015). Three studies examined age in relation to psychosis and autism
co-occurrence. Two of these studies found that older age groups (18—34
years versus 0—17 years (Kohane et al., 2012), above 35 years versus
18—35 years (27)) had a higher prevalence of psychosis and autism
co-occurrence compared to younger age groups. The other study found
that individuals with co-occurring autism and psychosis were younger
than those with psychosis only (Raja and Azzoni, 2010).

Three studies considered IQ estimates in relation to co-occurring
psychosis and autism; of these, two (Larson et al., 2015, 2017) found
that lower IQ was associated with co-occurrence, while one (Stahlberg
et al., 2004) found no association. Similarly, three studies examined the
presence of intellectual disability in autism; one study found that in-
tellectual disability in autism was associated with increased rates of
psychosis (Gilmore et al., 2021), one found less frequent co-occurrence
of psychosis (Buck et al., 2014) and another found no association

(Schalbroeck et al., 2019).

Other variables related to greater likelihood of autism and psychosis
co-occurrence (each reported in only one study) included: stable autism
diagnoses in adulthood, individuals without intellectual disability,
lower full-scale IQ estimates, lower verbal IQ estimates, less stereotyped
interests/behaviours, more motor side-effects from antipsychotic
medication, individuals who are identified as migrants, lower global
assessment of functioning scores, and an empathising (versus system-
ising) bias.

3.5.2. Bipolar disorders

Six studies (Gillberg et al., 2016; Croen et al., 2015; Isenberg et al.,
2021; Schalbroeck et al., 2019; Stahlberg et al., 2004; Kurita et al.,
2004) included an examination of risk factors or group differences
potentially indicating risk factors associated with the co-occurrence of
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Anckarsater, 2008
Billstedt, 2005
Buck, 2014
Cederlund, 2008
Chen, 2015
Croen, 2015
Davignon, 2018
Etyemez, 2020
Fusar-Poli, 2020
Gesi, 2021
Geurts, 2012
Ghaziuddin, 2008
Gillberg, 2016
Gilmore, 2021
Haw, 2013
Helverschou, 2020
Helverschou, 2015
Hofvander, 2009
Houghton, 2017
Hutton, 2008
Isenberg, 2021
Ketelaars, 2008
LoVullo & Matson, 2009
Lugnegard, 2011
Lunsky, 2009
McCarthy, 2010
Melville, 2008
Morgan, 2003
Moseley, 2011
Mosner, 2019
Mouridsen, 2008
Nahar, 2018
Nylander, 2018
Nylander, 2013
Pehlivanidis, 2020
Raja & Azzoni, 2010
Roy, 2015
Russell, 2016
Ryden & Bejerot, 2008
Schalbroeck, 2019
Sheehan, 2020
Stahlberg, 2004
Tint, 2021
Tsakanikos, 2011
Vohra, 2017
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Fig. 2. Forest plot depicting the prevalence of psychosis in autism.

bipolar disorders in autism. As can be seen in Table 1, the range of
variables examined in relation to co-occurring autism and bipolar dis-
orders was varied and included demographic, clinical, IQ, develop-
mental (milestones), and obstetric (risk factors, weight/length at birth)
variables.

All outcomes from each study are reported in Supplementary 9.
Gender was the only variable examined across more than one study
(Croen et al., 2015; Schalbroeck et al., 2019). Both studies reporting on
this variable found that females with autism had a higher likelihood of a
bipolar diagnosis, compared to males with autism (Croen et al., 2015;
Schalbroeck et al., 2019). Other variables with significant associations
between autism and bipolar co-occurrence (each reported in only one
study) included: individuals with stable autism diagnoses in adulthood,
individuals with more overall behaviours associated with autism and
more impairment in autism-related domains, a later age of onset of
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epilepsy, and individuals with a higher performance IQ compared to
individuals with autism only.

4. Discussion

The current meta-analysis and narrative synthesis, based on 53
studies, examined the prevalence of co-occurring psychosis and bipolar
disorders in adults with autism. The estimated pooled prevalence for
psychosis in adults with autism was 9.4 %. The most valid estimate for
the pooled prevalence of bipolar disorders in adults with autism was 7.5
%. Consistent with the conclusions from other meta-analyses examining
the prevalence of psychosis and bipolar disorder in autism across
broader age ranges, our findings suggest that these disorders each co-
occur at a substantially higher prevalence in adults with autism than
lifetime prevalence estimates reported from the general population: 0.75
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Fig. 3. Forest plot depicting the prevalence of bipolar disorder in autism.

% for psychosis (Moreno-Kustner et al., 2018), and 1.06-1.57% for bi-
polar disorder (Clemente et al., 2015). These prevalence rates highlight
the need for clinical practice and research efforts focused on assessment,
monitoring, diagnosis and intervention of these psychiatric disorders in
adults with autism.

4.1. Prevalence

4.1.1. Psychosis

In terms of the comparability of our prevalence estimates of psy-
chosis co-occurring with autism and that of other meta-analyses, our
estimates fall within the range of previously reported prevalence rates (i.
e., 4-11.8 %). Specifically, Marin et al. (2018) and Lugo-Marin (Lugo--
Marin et al., 2019) conducted the only other meta-analyses focused
specifically on adults with autism. They found prevalence estimates for
the co-occurrence of schizophrenia spectrum disorders of 6.4 % for
adults with an IQ above 70 (Marin et al., 2018), and 11.8 % for adults
with autism, irrespective of IQ (Lugo-Marin et al., 2019). Our estimate of
9.4 % is more closely aligned with this latter estimate, consistent with
our own analysis including individuals across all IQ estimates. However,
our estimate is based on an increased number of studies, and includes
more recent studies which may account for the slightly lower estimate.
De Giorgi et al. (2019) reported a comparable prevalence estimate of
psychosis in autism to our own, at 9.5 %, although their estimate
included children. In a subgroup analysis focused specifically on adults
with autism, they reported a similar, albeit slightly elevated estimate, of
10.1 % (De Giorgi et al., 2019). Once again, this series of meta-analyses
(inclusive of the current study) converge to suggest psychosis co-occurs
in adults with autism at a rate that is more than 10 times higher than the
prevalence of psychosis in the general population.

Of note, these estimates of psychosis co-occurrence in autism from
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studies predominately focused on adults are higher than that reported by
a large, recent meta-analysis involving individuals with autism across all
ages — in their meta-analysis, Lai et al. (2019) reported a co-occurrence
rate of 4%. There are some key points of difference as compared to the
current meta-analysis. Specifically, Lai et al. (2019) estimates were
based on point (rather than lifetime) prevalence. In addition, mean ages
of participants were as young as 3.5 years. However, Lai et al. (2019) did
report an association between age and prevalence, with older ages being
associated with a higher prevalence of psychosis in autism than younger
ages, consistent with the peak age of onset of psychosis in early adult-
hood (Miettunen et al., 2019). Therefore, it appears that both across and
within meta-analyses that have examined age, the prevalence of psy-
chosis in autism increases with age, highlighting the need for continued
and ongoing clinical and research examinations of co-occurring disor-
ders across the lifespan in autism.

4.1.2. Bipolar disorder

To our knowledge, the current meta-analysis is the first to examine
the prevalence of bipolar disorder specifically in adults with autism. Lai
et al. (2019) is the only other meta-analysis to date, but examined
point-prevalence estimates based on all ages. This likely explains Lai
et al. (2019) lower prevalence estimate of 5%. Overall, the prevalence of
bipolar disorder in autism, and risk factors associated with
co-occurrence, has been examined in considerably fewer studies than
psychosis. This is despite evidence suggesting the likelihood for devel-
oping bipolar disorder is also substantially increased in autism
compared to the general population (Lai et al., 2019; Vannucchi et al.,
2014).



K.J. Varcin et al.
4.2. Risk factors

Of the studies we reviewed, the range of factors examined in relation
to the co-occurrence of psychosis and bipolar disorder was highly vari-
able across studies, with most only examined in a single study.

4.2.1. Psychosis

Of the factors examined across more than one study, only gender and
age appear to show any emerging consistency in outcomes. Specifically,
in six of seven studies examining the association between gender and the
co-occurrence of psychosis, adult males with autism were at increased
likelihood of co-occurring psychosis compared to females. Two studies
examining age as a factor found that older ages were associated with
increased rates of psychosis in autism (Supekar et al., 2017; Kohane
et al.,, 2012), while one study found younger ages had higher
co-occurrence rates (Raja and Azzoni, 2010). The findings from this
latter study appear to be specific to this particular study population as
other studies and meta-analyses examining age (Lai et al., 2019; De
Giorgi et al., 2019) have all reported higher prevalence rates in older age
groups. Other variables that have been examined across more than one
study (IQ, intellectual disability, global assessment of functioning) have
inconsistent outcomes with the co-occurrence of psychosis in autism.

4.2.2. Bipolar disorder

There were only six studies examining any potential risk factors or
group differences indicating risk factors for the co-occurrence of bipolar
disorder in autism. Of these, gender was the only variable examined in
more than one study. Interestingly, the pattern of emerging results was
the opposite to that of psychosis, whereby females with autism showed a
higher likelihood of co-occurring bipolar disorder, compared to males
with autism. Both studies in the current review examining the associa-
tion between gender and bipolar co-occurrence in autism were large-
scale register-based studies (Croen et al., 2015; Schalbroeck et al.,
2019), suggesting this association between females with autism and
increased prevalence of co-occurring bipolar disorder requires closer
clinical and research consideration. No other variables were examined
across more than one study in relation to bipolar co-occurrence,
including age.

4.3. Clinical implications

The findings from the current review align with the emerging
consensus from recent meta-analyses of substantially increased preva-
lence of psychosis and bipolar disorder in autism. In particular, our re-
sults highlight the need for assessment and monitoring of these disorders
in adults with autism as part of ongoing clinical care. To support this, it
is evident that screening, assessment, diagnostic tools, and interventions
specifically designed and validated for adults with autism are required
to facilitate the timely and accurate identification and care of in-
dividuals with these complex and heterogeneous psychiatric disorders.
In addition, clinical management of adults with autism should include
pathways for accessing supports for those individuals at increased
likelihood of, or diagnosed with, co-occurring psychosis and/or bipolar
disorder. These pathways should also take into consideration the
required supports for clinical teams to deliver care to adults with autism
with co-occurring disorders in standard settings, without the require-
ment for referral to specialised services.

4.4. Limitations

The current study should be evaluated within the context of the
following limitations. While the full-text screening stage of the review
was conducted in duplicate by two independent reviewers, only one
reviewer conducted the initial screening (of titles and abstracts) phase of
the review. The review only included published, peer-reviewed studies
retrieved from database searches; we did not search or include grey
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literature, increasing the risk of publication bias. Only studies with an
English translation available were included, increasing the potential for
bias.

In terms of included studies, there was substantial variability in
sampling methods, sample sizes, and diagnostic processes. The risk of
bias assessment highlighted, in particular, the lack of population
representativeness across most study samples and the variable data
collection and sampling methods across studies (e.g., population-based,
clinic-based, register). These factors, combined with heterogeneous and
potentially uncertain diagnostic determinations (when using registered
diagnoses), are likely to contribute to the varying prevalence estimates
reported across individual studies, and point to the need for rigorous,
large-scale population cohort studies to enhance the accuracy of the
prevalence estimates for psychosis and bipolar disorder co-occurrence in
autism.

Relatedly, we found substantial heterogeneity related to the pooled
estimates of prevalence in the current meta-analysis (I?>90 %). While
we integrated leave-one-out analyses to examine the potential influence
of outliers, heterogeneity remained high. Due to the substantial vari-
ability and inconsistent reporting of potential moderating variables (i.e.,
demographic, clinical, sampling) across studies, we did not conduct
additional subgroup or meta-regression moderator analyses, so we
cannot address potential sources of heterogeneity. However, it is note-
worthy that other meta-analyses examining the co-occurrence of psy-
chosis and bipolar disorder in autism have also reported significant
heterogeneity in their prevalence estimates, comparable to that of the
current study (Lai et al., 2019; Lugo-Marin et al., 2019; Zheng et al.,
2018). Moreover, Lai et al. (Lai et al., 2019) found that while age, in-
tellectual disability, gender, and the country of the included study were
associated with heterogeneity, substantial unexplained heterogeneity
remained even after subgroup moderator analyses. These sources of
heterogeneity remain to be explored in future research to enhance the
accuracy of prevalence estimates for the co-occurrence of psychosis and
bipolar in autism.

4.5. Future research

While the field would benefit from large-scale studies of represen-
tative samples to improve the accuracy of current prevalence estimates,
it is evident that psychosis and bipolar disorder co-occur with autism at a
rate higher than would be expected in the general population. As such,
research efforts focused on aetiological mechanisms and evidence-based
clinical practices related to the co-occurrence of these disorders in adults
with autism are needed. In particular, we found that there is a dearth of
research examining potential risk factors associated with the co-
occurrence of psychosis and bipolar disorder in autism. This is an area
in need of further research, particularly due to the potential of this
research to inform subgroups of individuals with autism that may be at
increased likelihood of these disorders, and hence, warrant close clinical
monitoring. In addition, the identification of risk factors for co-occurring
psychosis and bipolar disorder in autism could inform potential causal
pathways (biological or psychosocial) for their co-occurrence.
Phenomenological studies of psychosis and/or bipolar in individuals
with and without autism could inform the ways in which the conditions
are similar or different when they co-occur in autism versus when they
occur independently. Longitudinal studies of outcomes for adults with
autism and co-occurring psychosis and/or bipolar disorder are also
needed to assess particular domains of clinical and functional outcomes
that would benefit from intervention and support in adulthood.
Rigorous intervention-based clinical trials are required to identify
evidence-based options for adults with autism presenting with co-
occurring psychosis and/or bipolar disorder. Finally, the increased co-
occurrence of psychosis in adults with autism also highlights the need
for trials of early intervention specifically targeted at groups already
known to be at increased likelihood for these conditions, such as in-
dividuals at clinical high risk for psychosis.
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4.6. Conclusion

Psychosis and bipolar disorder occur at a substantially higher prev-
alence in adults with autism compared to the general population. To
date, there is limited evidence informing potential risk factors or vari-
ables associated with the higher co-occurrence of psychosis and bipolar
disorder in autism. Considering the impact of autism, psychosis, and
bipolar disorder on clinical and functional outcomes, and now, the
overwhelming consensus for their increased co-occurrence in autism,
this is an area in need of clinical and research attention in order to
identify and provide targeted, specific supports to those individuals at
high likelihood and/or who develop co-occurring psychosis or bipolar
disorder in autism.
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