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Abstract

Background: At present there is a substantial uncertainty re-
garding the extent and nature of autism spectrum disorder
(ASD) and bipolar affective disorder (BPAD) co-occurrence
due to disparate findings in previous studies. This paper
aimed to find and review original studies on co-occurrence
rates of ASD with BPAD, assess them, synthesize the findings
in a systematic way, present an overview and make recom-
mendations for future research. Methods: Systematic litera-
ture searches were performed using several databases. Se-
lected articles had to describe an original study that provid-
ed prevalenceand/orincidenceanalysison ASD co-occurring
together with BPAD. Results and Conclusion: A significant
minority of patients (7%) with ASD suffers from BPAD. An ac-
curate detection of co-occurring ASD and BPAD can lead to
a more targeted treatment and improve the patients’ func-

tioning and quality of life. ©2015 5. Karger AG, Basel

Introduction

Autism spectrum disorder (ASD) is a lifelong neuro-
developmental disorder previously characterized as a tri-
ad of symptoms [1] and now as a dyad, comprising social
communication difficulties and repetitive, stereotyped
behavior [2]. A recent review of global prevalence of ASD
reported a median of 62 cases per 10,000 and did not sup-
port differences in prevalence by geographic region or of
a strong impact of ethnic/cultural or socioeconomic fac-
tors [3].

In the past there was a tendency to attribute almost all
psychiatric and behavioral problems in persons with ASD
to ASD itself [4]. Possible reasons were that the diagnosis
of ASD encompasses such a severe and comprehensive
label that secondary, tertiary or subsequently appearing
psychiatric problems were not viewed as pivotal [5].
However, more recently an increasing number of studies
have argued for accepting behaviors and symptoms that
had been considered additional or associated features of
ASD as potentially warranting additional diagnosis [6].
For example, Simonoff et al. [7] found in a population-
based sample of 10- to 14-year-old children that 71% of
children with ASD met criteria for at least 1 current psy-
chiatric disorder, 41% had 2 or more and 24% had 3 or
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more diagnoses. However, this unique ASD population
study did not assess several important co-occurring psy-
chiatric disorders, including bipolar affective disorder
(BPAD). In fact, much of the literature devoted to exam-
ining the extent of co-occurring psychiatric disorders in
ASD has not assessed the presence of BPAD [8].

BPAD is a familial illness characterized by recurrent
episodes of mania and depression, which may have their
onset in childhood. Both depressive disorders and BPAD
can be specified with mixed features [2]. The current or
12-month prevalence rates of mania, hypomania and bi-
polar disorder in population-based studies of youth range
from 0 to 0.9% in children aged 14-18. Lifetime preva-
lence rates for BPAD among youth range from 0 to 2.1%,
and the lifetime prevalence rate for hypomania ranges be-
tween 0 and 0.4% [9-11]. BPAD in children is associated
with significant functional impairment in several do-
mains including increased risks for psychiatric hospital-
ization, antisocial behaviors, addictions and suicidal ide-
ation [12, 13].

Mood disorders are one of the most common psychi-
atric comorbidities reported in individuals with ASD [6].
And this is despite the fact that mood changes can go eas-
ily unnoticed in many individuals with autism partly be-
cause some of them do not have sufficient language skills
to express their feelings, describe changes in mood or
comment on the presence of biological symptoms of de-
pression. Even verbal individuals with ASD may be im-
paired in the reporting of these symptoms, given the pres-
ence of deficits in socioemotional communication. More-
over, some of the symptoms that are characteristic of
ASD, e.g. social withdrawal, limited facial expression and
flattened affect, are also features of depression. Typical
hypomanic behaviors like overspending, gambling or ex-
cessive shopping are rarely seen in individuals with ASD.
Behavior problems can manifest in other forms, i.e. verbal
aggression, increased social intrusiveness, restlessness,
etc. Frazier et al. [14] suggested that BPAD should be en-
tertained as a possible co-occurring diagnosis in ASD
when there is deterioration in cognition, language, be-
havior or activity, when there is a clear pattern of fluctua-
tion or cyclicity in activity, behavior and interests (with
‘good times’ and ‘bad times’) and when observed behav-
iors indicate mood problems. A special attention should
be paid at pragmatic, distracted or odd language seen in
children who have language disorders as part of ASD ver-
sus the flight of ideas/thought disorder of mania [15].
Sometimes, however, bipolar symptoms are more notable
and disruptive, and the intensity of the presentation of
mood dysregulation masks the ASD [8].
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Comorbid mood disorders in ASD were noticed early:
Kanner [16] noted in his original series that at least 1 per-
son showed a tendency to lapse into a ‘momentary fit of
depression’, and a few children described by Asperger
[17] had depressive features. The association between
ASD and BPAD has only relatively recently received a
larger attention despite the fact that case reports of severe
periodic mood disturbances highly suggestive of BPAD
have been described in children and adults with ASD for
a period of time [18-23].

At present, however, there is a substantial uncertain-
ty regarding the extent and nature of ASD and BPAD
co-occurrence due to disparate findings in previous
studies. Co-occurring conditions, especially BPAD,
may more severely impair individuals with already lim-
ited cognitive functioning and social skills and may lead
to increased psychological and psychosocial impair-
ment and higher rates of hospitalization. It may also
have important implications for behavioral and phar-
macological treatment, given that treatment interven-
tions for BPAD and ASD differ: while there is no estab-
lished pharmacological treatment for ASD per se, there
are well-known evidence-based pharmacotherapies for
adult BPAD [8,24]. A consensus still needs to be reached
regarding pharmacological treatment strategies for chil-
dren with BPAD.

Aims

This paper aims to review original studies on the co-
occurrence between ASD and BPAD and to provide di-
rections for the future research to improve the diagnosis
and treatment of patients with these two conditions.

Methods

PubMed, EMBASE, Science Direct, PsychINFO and Ovid On-
line were searched from database inception through July 2014 us-
ing the following key words: autism, ASD, Asperger’s syndrome,
bipolar affective disorder, BD and BPAD. Two independent un-
blinded reviewers (N.S. and T.F.) assessed the study eligibility by
screening the titles and abstracts in a standardized manner. Then
full texts were reviewed in more detail by the first author. Addi-
tional scientific papers were identified by checking the reference
lists. The search was confined to English language articles. Selected
articles, as a criterion for inclusion, had to describe an original
study that investigated the co-occurrence of ASD and BPAD. Giv-
en the preliminary stage of research in the area, only minimal ex-
clusion criteria were used and no limits were placed on the demo-
graphics, e.g. geographical, gender, age or size of the study popula-
tions (however, case reports were excluded).
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Results

Using the criteria described above, we identified and
reviewed 20 original studies conducted in North Ameri-
ca, Europe and Asia. More than a half of them [12] were
published over the past 5 years reflecting the growing
interest in the topic. Most studies [14] investigated chil-
dren, and 3 studies focused on children with high-func-
tioning autism (HFA) [25-27]. All studies but one [28]
employed clinical samples. Most studies [18] investigat-
ed the presence of BPAD in subjects with ASD (n =
6,128), and 431 (7%) also met criteria for BPAD. Only 3
studies investigated ASD diagnosis in persons with
BPAD (n = 530). This is not surprising as subjects with
known ASD are almost always excluded from formal
BPAD research studies. In total, 530 persons with BPAD
were investigated, and 103 (19%) of them met diagnostic
criteria for ASD. A summary of the findings is presented
in table 1.

To our knowledge, Wozniak et al. [29] were the first to
report a reciprocal co-occurrence of BPAD and ASD on
structured diagnostic interviews in a substantial minority
of psychiatrically referred children suffering from either
disorder. The 14 children with both ASD and BPAD rep-
resented 21% of the ASD group and 11% of the BPAD
group. A year later Ghaziuddin et al. [30] reported on 29
males and 6 females with Asperger’s syndrome (mean age
15, range 8-51 years) who were referred to an ASD ser-
vice. Of these 35 patients, 23 (66%) had an additional psy-
chiatric disorder and 1 patient had BPAD.

A study by Stahlberg et al. [31] described the preva-
lence and patterns of co-occurring bipolar and psychotic
disorders in 241 consecutively referred adult patients
with attention-deficit/hyperactivity disorder and/or ASD.
Nine (7.0%) of the 129 subjects with ASD had bipolar dis-
order with psychotic features [31]. Towbin et al. [32]
screened 93 patients aged 8-18 in a mood disorder clinic
in Maryland, USA, using the Social Communication
Questionnaire (SCQ), Children’s Communication
Checklist (CCC), the Social Reciprocity Scale (SRS) and a
published preliminary report [32]. Few years later this
group gathered data on more patients (259) and pub-
lished the final study with 352 participants of whom 62
had BPAD. The SRS-based cutoff for ASD was met by 33
(56.9%) patients with BPAD, the SRC-based one by 4
(8.3%) and the CCC-based one by 23 (53.5%) [33].

Leyfer et al. [34] assessed 109 children with ASD, and
3 of them had BPAD (BPAD 1 - two and BPAD 2 - one).
The relative advantage of the approach used here was the
attempt to standardize diagnoses of comorbidity using

Co-Occurrence of ASD and BPAD

the Autism Comorbidity Interview (ACI), a modified
version of the Kiddie Schedule for Affective Disorders
and Schizophrenia [34]. According to Leyfer et al., the
ACI provides a more accurate measure of the behavioral
manifestation of psychiatric comorbidity by gathering in-
formation on symptoms that cluster together in time, are
significantly impairing, and, when acute, represent a
change from the child’s baseline emotional state, behav-
ior and functioning [34, 35]. Mazefsky et al. [36] admin-
istered the ACI to 35 children with ASD and compared
the findings to their history of prior diagnoses to help
clarify the level of concordance. Approximately 60% of
prior psychiatric diagnoses were not supported on the
ACI; the lowest diagnostic concordance was for prior
BPAD and obsessive-compulsive disorder diagnoses. In
fact, none of 14.3% [5] BPAD community diagnoses was
supported. Interestingly, medication use was especially
pronounced among participants who had been previous-
ly diagnosed with BPAD (mean number attempted = 7.0)
[36].

Bradley and Bolton [28] conducted the first study to
document an increased prevalence of psychiatric illness
associated with ASD in an epidemiological sample of in-
dividuals with learning disabilities. Two (5.5%) in the
ASD group (n = 36) were diagnosed with BPAD com-
pared with none in the control group (teenagers with oth-
er learning disabilities). In Japan Munesue et al. [26] re-
ported a higher rate of BPAD in patients with high-func-
tioning ASD. Munesue et al. examined for mood disorders
44 consecutive outpatients with high-functioning ASD at
a university hospital using DSM-IV criteria. Sixteen pa-
tients (36.4%) were diagnosed with mood disorder. More
patients were diagnosed with BPAD [13] than depression
[4]. Two patients were diagnosed with BPAD 1, 6 patients
with BPAD 2 and 4 with BPAD not otherwise specified.
Of these 16 patients identified also as having mood disor-
ders, 12 had Asperger’s disorder as primary diagnosis, 4
pervasive developmental disorder not otherwise specified
and none autistic disorder as per DSM-1V [26].

In 2004 Bryson et al. [37] examined 1 year of data from
the database maintained by 26 community mental health
centers in Kansas State, USA: 586 children with ASD were
identified, and 48 of them (8.2%) had a diagnosis of
BPAD. Rosenberg et al. [38] went a step further and ex-
amined a national US online registry to assess variation
in cumulative prevalence of community diagnosis of psy-
chiatric comorbidity in 4,343 children with ASD. They
reported lower rates of co-occurrence between ASD and
BPAD in comparison to the study of Bryson et al. [37]. In
fact, in the study of Rosenberg et al. [38], BPAD was one
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Table 1. Co-occurrence of ASD and BPAD

Author Sample  Study and subjects Main findings
size, n
Wozniak et al. 727 All children who had been consecutively referred to a 14 children with both ASD and BPAD represented
[29], 1997 pediatric psychopharmacology clinic for a period of time 21% of the ASD group and 11% of the BPAD group
Ghaziuddin et al. 35 Follow-up of 35 children with Asperger’s syndrome 1(2.8%) had BPAD
[30], 1998
Stahlberg et al. 129 241 consecutively referred adult patients with attention- 9 (7.0%) of the 129 subjects with ASD also had
[31], 2004 deficit/hyperactivity disorder and/or ASD (129) BPAD
Leyfer et al. 109 Children with autism recruited from community sources 2(0.9%) had BPAD 1, and 1 (0.8%) had BPAD 2
[34], 2006
Bradley and Bolton 72 Teenagers with learning disabilities living in one geographical 2 (5.5%) in the ASD group (n = 36) were diagnosed
[28], 2006 area with BPAD compared with none in the control
group
Munesue et al. 44 Outpatients with high-functioning ASD, aged 12 years and 12 (27%) patients also had BPAD
[26], 2008 older
Bryson et al. 586 Children with ASD attending community mental health 48 (8.2%) had also a diagnosis of BPAD
[371], 2008 centers
Pine et al. 62 352 children attending a mood and anxiety program, 62 of 33 (56.9%) patients with BPAD met SRS-based
[33], 2008 them with BPAD cutoff for ASD
Hutton et al. 135 Follow-up of individuals with an ASD diagnosed in childhood 1 man (0.74%) went on to develop BPAD
[39], 2008
Hofvander et al. 122 Consecutively referred adults with normal-intelligence ASD 10 (8%) subjects had BPAD
[41], 2009

Mukaddes and Fateh 37
[40], 2010

Children with Asperger’s syndrome attending a private
psychiatric clinic

3 (8%) met diagnostic criteria for BPAD

Mukaddes et al. 60 30 children and adolescents with HFA and 30 with Asperger’s 1 (3.3%) patient was diagnosed with BPAD in the

[27], 2010 syndrome attending a university clinic HFA group

Joshi et al. 217 Children and adolescents with ASD referred to a pediatric 68 (31%) had bipolar I disorder

[43], 2010 psychopharmacology program

Lugnegard et al. 54 26 men and 28 women (mean age 27 years) with a clinical 5 participants (9%) met criteria for bipolar II

[42],2011 diagnosis of Asperger’s syndrome disorder

Rosenberg et al. 4,343 Children with ASD attending community mental health 226 (5.2%) had a diagnosis of BPAD

[38], 2011 centers

Joshi et al. 151 A secondary analysis of SGA in youth with BPAD 23 (15%) met criteria for comorbid ASD

[44], 2012

Mazefsky et al. 35 Children with ASD recruited through word of mouth and 5 (14.3%) had BPAD community diagnosis, but

[36],2012 fliers at a developmental disorders diagnostic clinic none of them were confirmed in the study using the
ACI and no new BPAD diagnoses were identified
either

Joshi et al. 155 Youths with BPAD 1 47 (30.3%) of BPAD probands met criteria for ASD

[8], 2012

Giovinazzo et al. 86 Children with HEA/Asperger’s syndrome attending an 7 (18.4%) were diagnosed also with BPAD

[25],2013 outpatient unit

Joshi et al. 63 Clinically referred adults with ASD 16 (25%) had lifetime diagnosis of BPAD 1 and 4

[45], 2013 (6%) of current BPAD

SRS = Social Reciprocity Scale; SGA = second-generation antipsychotics; ACI = Autism Comorbidity Interview.
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of the least common co-occurring diagnoses (5.2%), with
attention-deficit/hyperactivity disorder or attention defi-
cit disorder (38.1%) being the most common [37].

In the UK, Hutton et al. [39] performed a follow-up
study of 135 individuals aged at least 21 years with an
ASD diagnosed in childhood. They reported that only 1
man (0.74%) went on to develop BPAD.

Mukkades et al. [27, 40] have recently published 2 pa-
pers on co-occurring conditions in ASD. In the first study
they aimed to provide clinical data regarding co-occur-
ring psychiatric disorders in children diagnosed with As-
perger’s disorder. Mukkades et al. used the Schedule for
Affective Disorders and Schizophrenia for School Age
Children Present and Lifetime Version (K-SADS-PL-T)
to assess 32 boys and 5 girls with AD attending a private
psychiatric clinic [40]. 94% of participants had at least 1
additional psychiatric disorder, and 3 (8%) met diagnos-
tic criteria for BPAD. In the second study, Mukkades et
al. assessed 30 children and adolescents with HFA and 30
with ASD for co-occurring psychiatric disorders using
the K-SADS-PL-T. These patients were recruited from a
public clinic. The rate of co-occurring psychiatric disor-
ders was very high in both groups (93.3% in HFA and
100% in AS). However, only 1 (3.3%) patient was diag-
nosed with BPAD in the HFA group and no patients were
diagnosed with BPAD in the ASD group [27]. A recent
Italian study also investigated the co-occurrence of psy-
chiatric disorders in 86 children with HFA and AS attend-
ing a university clinic. 38 patients out of 86 (44.2%) pre-
sented with 1 or more additional psychiatric conditions
and7(18.4%) were diagnosed with BPAD [25]. Hofvander
etal. [41] assessed 122 consecutively referred adults with
normal-intelligence ASD. This study group consists of
subjects pooled from 2 studies with similar protocols, all
seen on an outpatient basis. Criteria for a bipolar disorder
were met by 10 subjects (8%), 5 of whom had BPAD 1
subtype and 2 BPAD 2, while 3 were coded as unknown
subtypes. No subject with Asperger’s disorder met crite-
ria for BPAD. Only 3 patients (2%) had ever been treated
with a mood stabilizer [41].

Lugnegard et al. investigated the psychiatric co-occur-
rence in young adults with Asperger’s syndrome. Partici-
pants were 26 men and 28 women (mean age 27 years)
with a clinical diagnosis of Asperger’s syndrome. Psychi-
atric comorbidity was assessed by the Structured Clinical
Interview for DSM-IV Axis I Disorders [42]. ASD was
confirmed using the Diagnostic Interview for Social and
Communication Disorders. Five participants (9%) met
criteria for BPAD 2, whereas none met criteria for BPAD
1. Of these 5, only 1 had an already previously established

Co-Occurrence of ASD and BPAD

clinical diagnosis of BPAD and a history of mood-stabi-
lizing treatment.

Recently, Joshi et al. [43] have conducted several stud-
ies which among other things investigated the co-occur-
rence of BPAD and ASD. In 2010, Joshi et al. compared
youth-satisfying diagnostic criteria for ASD and age- and
sex-matched youth without ASD referred to the same
clinical program. 9.3% (217/2,323) of the referred youth
(age range: 3-17 years) met DSM-III-R criteria for ASD.
BPAD 1 disorder was diagnosed in 68 (31%) subjects with
ASD and 65 (30%) controls [43]. A year later Joshi et al.
performed a secondary analysis of identically designed
8-week open-label trials of second-generation antipsy-
chotic monotherapy (risperidone, olanzapine, quetia-
pine, ziprasidone or aripiprazole) in youth with BPAD.
Out of 151 BPAD subjects, 15% (n = 23) met criteria for
comorbid ASD. No difference was observed in the rate of
antimanic response or tolerability to second-generation
antipsychotic monotherapy in the presence of ASD co-
morbidity [44]. In the same year, Joshi et al. conducted a
systematic assessment of phenotypic and familial corre-
lates of BPAD 1 in youth with and without ASD to inves-
tigate whether presentation of mania in youth with co-
morbid ASD truly represents BPAD. Findings revealed
that the phenotypic features of BPAD 1 disorder were
largely similar in youth with BPAD 1 disorder irrespec-
tive of comorbidity with ASD [8]. Last year, Joshi et al.
examined 63 clinically referred adults with ASD. All ASD
participants, derived from the ASD clinic, received a neu-
ropsychological assessment, a structured diagnostic in-
terview and a psychiatric interview. A primary caretaker
(ifavailable) also completed a structured diagnostic inter-
view. 16 (25%) had a lifetime diagnosis of BPAD 1 and 4
(6%) a current BPAD 1 diagnosis. In comparison, 8 (13%)
in the control group met criteria for lifetime diagnosis of
BPAD and 13 (5%) current BPAD 1 diagnosis [45].

Discussion

Until relatively recently, BPAD and ASD co-occur-
rence has received relatively little attention in the research
literature. This, to our knowledge, is the first paper to re-
view published studies on the co-occurrence of ASD and
BPAD.

Our review has identified a very broad diapason of
BPAD and ASD co-occurrence ranging from 0 to 56.9%.
Given the variable approaches used, this is not surprising.
Such a wide range may also suggest that some studies re-
viewed reported ‘artificial’ co-occurrence. Sources of ar-
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tifact in the detection of co-occurrence between psychiat-
ric disorders have been well described previously and in-
clude referral, screening and surveillance factors, the
concepts of disorders as categories or dimensions, over-
lapping diagnostic criteria, artificial subdivisions of syn-
dromes, one disorder representing an early manifestation
of the other, and one disorder being part of the other [46].
In brief, there are 2 main types of an artificial co-occur-
rence: predisposed by study design and diagnostic con-
cepts. Both BPAD and ASD in particular are quite hetero-
geneous, which further contributes to nosological com-
plexities. Indeed, one of the major difficulties in studying
co-occurrence is the lack of validated diagnostic criteria
[47]. However, validity of diagnostic criteria and previ-
ously used classification systems and concepts (i.e. DSM-
IV) are beyond the scope of this paper. Hence, below we
will focus on limitations of the studies reviewed which
could have contributed to reporting artificial co-occur-
rence.

The studies reporting very high [33, 34] or no co-oc-
currence [36] had several methodological shortcomings.
First, the study by Pine et al. [33], which reported the
highest rates of ASD, was based only on screens (SCQ,
CCC and SRS). The Autism Diagnostic Observation
Schedule and the Autism Diagnostic Interview Revised
which are considered to be the ‘gold standard’ in diagnos-
tic evaluations for ASD were not employed [33]. Al-
though developers of the SCQ, CCC and SRS consider
them as ASD screens for various populations, questions
remain as to the degree to which they measure distinct
constructs and central features of ASD. Moreover in the
study of Pine et al., the sample consisted only of youths
receiving treatment and eligible for participation in bio-
logical studies. Such samples are not representative of
children in the community. And finally this study per-
formed assessment on ASD symptom scales only at one
point in time. This is, however, a common constraint for
many of the reviewed studies: they did not follow up in-
dividuals diagnosed in childhood into adulthood and
thus were not in a position to study the pattern of disorder
and co-occurring conditions in adult life. Interestingly,
the two studies [30, 39] which followed up children with
ASD reported very low rates of co-occurrence (2.8 and
0.74%). However, it has to be noted that the sample em-
ployed by Ghaziuddin et al. [30] was the second smallest
(n = 35) in this review. Indeed, a small and very selective
clinical sample size with no power considerations is a
common trait of many studies reviewed.

The study by Mazefsky et al. [36], which used the ACI
and reported no co-occurrence between ASD and BPAD,
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had also some methodological limitations. 60% of prior
psychiatric diagnoses were not supported on the ACI, and
none of 14.3% [5] BPAD community diagnoses was sup-
ported. This raises at least two questions, first how com-
munity diagnoses were established and reported and how
reliable the ACI is. Prior psychiatric diagnoses in this
study were determined only on parent/guardian report.
The lack of concordance may reflect a diminished sensi-
tivity of the ACI. It is hard to compare how the ACI per-
formed in other studies as nobody else but its creators
[34] and Mazefsky et al. [36] have used it. The study also
employed a very selective clinical sample of pre-adoles-
cents and adolescents with HFA, with the majority not
receiving their ASD diagnosis until late childhood or ad-
olescence. Still the other studies which investigated HFA
reported much higher co-occurrence rates [25-27].

It has to be emphasized, however, that several studies
noted the clinical presentation of BPAD and ASD in the
co-occurrence state to be strikingly analogous to their
typical presentation, suggesting a bona fide co-occur-
rence of these disorders [26, 29, 43]. Notably, studies with
the largest ASD samples — 241 [31], 586 [37] and 4,343
[38] - reported quite similar co-occurrence rates of 7, 8.2
and 5.2%. Indeed, 7% was the mean prevalence rate of
BPAD in ASD based on all studies reviewed. This is much
higher in comparison to the general population and it
would also imply that 7% of subjects with ASD might also
need treatment for BPAD to improve their wellbeing and
quality of life.

The real co-occurrence (vs. ‘artificial’) can be predis-
posed by at least several factors: shared environmental or
biological risk factors; overlapping risk factors; comorbid
patterns constituting a meaningful syndrome, and one
disorder creating an increased risk for the other [46]. In-
deed, the results of family studies suggested that a signif-
icant relationship may exist between ASD and affective
disorders. DeLong and Nohria [48] reported that in 20
individuals with ASD, 14 had a positive family history of
major affective disorder; in the 14 families, 14 (11.4%) of
123 relatives had bipolar disorder and an additional 19
(15.4%) had a history of unipolar depression. Last year
the Genomics Consortium described its analysis of ge-
nome-wide single nucleotide polymorphism data for
33,332 cases and 27,888 controls distributed among the
5 major psychiatric disorders in the Genomics Consorti-
um (major depressive disorder, BPAD, schizophrenia,
ASD and attention-deficit/hyperactivity disorder). Aggre-
gate polygenic risk scores for a broad set of common vari-
ants showed cross-disorder effects for all the adult-onset
disorders (bipolar and major depressive disorder, and
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schizophrenia) and nominally between autism spectrum
disorders and both bipolar disorder and schizophrenia
[49].

More recently, neuroimaging, inflammation, mater-
nal infection and other studies questioning a possibility
of shared biological factors between BPAD and ASD have
started to emerge.

Perlman et al. [50] reported hypoactivation, isolated to
the fusiform gyrus, when viewing animated, emerging fa-
cial expressions of happiness, sadness, fearfulness and es-
pecially anger in pediatric BPAD patients relative to
matched clinical and healthy control groups. This region
is widely noted as a region involved not only in face pro-
cessing but in key components of social communication,
such as eye contact, facial identity recognition and mouth
movement. Although this region has rarely been studied
directly in pediatric BPAD, inferences can be drawn from
widely replicated results of hypoactivation and social im-
pairment in the ASD literature [50]. A recent systematic
review and meta-analysis reported significantly higher
concentrations of interleukins 1P, 6, 8, interferon-y, eo-
taxin and monocyte chemotactic protein-1 in the partici-
pants with ASD compared with healthy controls [51]. Bir-
mabher et al. [52] reported in youth with BPAD an asso-
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