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ABSTRACT
Objective: Genome-wide association studies of psychiatric disorders have revealed a multiplicity of common genetic variants
between bipolar disorder (BD) and autism. It has been established that the frequency of affective psychosis is greater in
individuals with autism. However, studies of the frequency of autism spectrum symptoms and autism-related hand preference
in patients with BD are limited. The aim of this study was to investigate the broad autism phenotype and dominant hand
preference in BD patients.
Method: A total of sixty-six (thirty-three female) patients of the Bakirkoy Prof. Mazhar Osman Training and Research Hospital
for Psychiatry, Neurology, and Neurosurgery mood clinic diagnosed with bipolar I disorder who were in a euthymic period and
66 healthy controls matched for gender, age, and years of education were enrolled in the study. Sociodemographic and clinical
characteristics of the patients were obtained from patient records, and the Autism Spectrum Quotient test (AQ) and Edinburgh
Handedness Inventory self-report screening tools were administered.
Results: The mean disease duration was 15.5±8.4 years and the mean age of onset was 21.3±5.1 years. The mean total AQ score
was 22.9±4.9 in the patient group and 19.1±4.4 in the control group, which represented a statistically significant difference. The
mean score for the AQ subscales of communication, imagination, and attention switching were also higher in the patient
group, and the difference was significant. Regression analysis indicated that the presence of BD was predictive for a higher AQ
score; gender and hand preference did not demonstrate predictive value related to the AQ score.
Conclusion: The results of this research indicated that the broad autism phenotype was common in BD. The broad autism
phenotype should be kept in mind to better understand the clinical features of BD patients. Additional evaluation of the effect
of the phenotypes including hand preference on the course of BD should be conducted in studies with larger samples.
Keywords: Autism spectrum disorders, bipolar disorder, broad autism phenotype, handedness

INTRODUCTION
Bipolar disorder (BD), characterized by manic and
depressive episodes, affects approximately 1% of the
population (1). The cause of BD has not yet been fully
explained; however, important findings have suggested

a genetic predisposition. In a recent meta-analysis of
BD, the concordance correlation coefficient was found
to be 0.81 in monozygotic twins and 0.49 in dizygotic
twins (2). Although genetic factors play an active role in
the etiology of BD, they are not the only influence.
Obstetric complications, infections, childhood trauma,
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and adverse growth conditions in the postpartum
period are neurodevelopmental factors that can
contribute to the pathophysiology of BD (3). Early
deterioration in cognitive abilities and a poorer
prognosis have been reported in a patient group with
significant neurodevelopmental factors (4).
Aut is m sp e c t r u m d is ord e r ( ASD ) is a
neurodevelopmental disorder characterized by
challenges with social behavior and communication,
limited interests, and repetitive behaviors. The
prevalence has been reported to be 1.9% in prospective
cohort studies, and the incidence in men was 4 to 7
times higher than in women (5). As in other psychiatric
conditions, it is a clinical manifestation that may be the
result of several genetic and non-genetic factors (6).
Genes thought to be related to the pathophysiology of
autism have also been detected in other diseases. Recent
extensive genome-wide association studies have shown
that autism, schizophrenia, BD, major depressive
disorder, and attention-deficit hyperactivity disorder
share certain variants (7). ASD and BD are among the
diseases with the highest concordance in monozygotic
twins (2). It has been revealed in clinical trials that other
psychiatric disorders are common in autism. Studies
evaluating the frequency of BD in individuals with
autism have noted comorbidities in a wide range of
4.4% to 37% (8). However, the potential for diagnostic
confusion increases with the coexistence of autism and
other mental disorders. In a study of a group of adults
presenting with major depression, 11% of the patients
were diagnosed with ASD (9). The inadequacy of
existing diagnostic systems to accurately identify mood
disorders in individuals with autism due in part to the
commonality of risk factors and symptoms adds to the
diagnostic challenge (10). The epidemiological data and
diagnostic difficulties suggest that the possibility of
ASD should be considered and evaluated in patients
with BD and other mental disorders without a preexisting autism diagnosis.
The reported incidence of autism has increased in
recent years (11), however, recent studies have shown
that autistic features can also be seen in healthy
individuals (12,13). Mild autistic symptoms, such as
modest social and cognitive impairment, differences in
communication skills, extraordinary memory, limited
behavioral patterns, narrow interests, the need to perform
repetitive behaviors, and a predisposition to focus on
details rather than the whole, referred to as the broad
autism phenotype, can be found in genetic relatives of
those with autism (14). The broad autism phenotype has
been documented in the general population and various
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psychiatric disorders (15-17). BD research has
determined the presence of broad autism spectrum
characteristics in almost 1 of 2 patients (17-19). In the
first and, to our knowledge, only study of this sort to be
conducted in Turkey, 26.4% of BD patients were classified
as demonstrating high levels of autistic traits, a rate
higher than the abovementioned studies (20).
Atypical handedness is a clinical feature consistently
seen in autism (21). Handedness other than a righthand preference (left-, mixed-, non-right-handedness)
is considered atypical handedness. It has been reported
that approximately 10% of the general population has
atypical handedness (22). Atypical handedness has been
shown to be associated with prenatal testosterone
exposure and may be a reflection of cerebral
lateralization (21,23). Atypical handedness has been
investigated in many psychiatric disorders, including
BD (24-26). Atypical handedness has been found to be
elevated in patients with psychiatric diseases in
comparison with healthy controls (27). Further
evaluation of atypical handedness may provide useful
information for a holistic approach to the broad autism
phenotype in BD.
In recent years, there has been increased attention
on the relationship between broad spectrum of autism
and BD. Investigation of neurodevelopmental features,
such as the broad autism phenotype and hand
preference, may contribute to a better understanding of
the etiology and clinical correlates of bipolar disorder.
This study was designed to evaluate autistic features
commonly seen in BD patients and the relationship of
these features to dominant hand preference and clinical
characteristics.

METHOD
This study was approved by the Selcuk University Local
Ethics Committee [IRB: 07.04.2021–2021/192]. The
patients enrolled were informed about the study and
provided written consent.
Study Sample
Patients who were treated at the Prof. Timucin Oral
Mood Disorders Unit, providing specialized mental
health care for patients with mood disorders within the
Bakirkoy Prof. Mazhar Osman Training and Research
Hospital for Psychiatry, Neurology and Neurosurgery,
for a diagnosis of bipolar I disorder according to the
Diagnostic and Statistical Manual of Mental Disorders,
Fifth Edition (DSM-5) diagnostic criteria were enrolled
in the study. In all, sixty-six patients were consecutively
selected from patients who presented for follow-up in
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April 2021. The criteria for inclusion in the study were
age of 18-65 and a euthymic period of at least 8 weeks. A
score of ≤5 on the Young Mania Rating Scale and a score
of ≤7 on the Hamilton Depression Rating Scale were
accepted as evidence of a euthymic period. Patients with
clinical conditions such as alcohol or other substance
use disorder, mental retardation, or dementia, were not
included in the study. The control group was formed of
individuals matched according to age, gender, and
education level from patients who presented at the
psychiatry outpatient clinic for a required employment
evaluation to determine the presence of no mental
disorder.
After the clinical data of the research group were
obtained from the hospital records, both the patient
group and the control group were asked to complete the
Autism Spectrum Quotient (AQ) and Edinburgh
Handedness Inventory instruments.
Sociodemographic and Clinical Data Form
A semi-structured form was developed for this study by
the researchers to record details such as age at disease
onset, the severity of episodes, number of
hospitalizations, presence of psychotic symptoms,
suicide attempts, smoking habit, alcohol and other
substance use, and family history of the disease.
Psychometric Scales
Hamilton Depression Rating Scale
The Hamilton Depression Rating Scale (HAM-D) is the
most commonly used tool to assess depressive episode
symptoms (28). The HAM-D is designed to be
administered by clinicians after a structured interview.
The scale consists of 17 items and a score 0-4 is given for
each item. The score is used to evaluate the course of a
depressive episode; a high score indicates greater severity.
A validity and reliability study of the Turkish version of
the scale was performed by Akdemir et al. in 1996 (29).
Young Mania Rating Scale
The Young Mania Rating Scale is a clinical interview
scale is used to evaluate the severity and change of
manic episodes (30). It consists of 11 items; 7 are
assessed using a 5-point Likert type scale, and 4 are in
assessed using a 9-point scale. A validity and reliability
study of a Turkish version of the scale was performed by
Karadag et al. in 2002 (31).
Autism-Spectrum Quotient
The AQ instrument was designed to identify adults on
the autism spectrum and evaluate subthreshold autistic

traits in healthy individuals. This self-assessment scale
was the result of several years of studies using the
American Psychiatric Association criteria and the
findings of evidence-based cognitive abnormalities in
autism. Baron-Cohen et al. (32) reported that an
individual with normal intelligence capacity may exhibit
autistic features and represent the broader autism
phenotype. The scale uses a 4-point Likert-type scale
and consists of 50 questions and 5 subdimensions: social
skills, shifting attention, attention to detail,
communication, and imagination. A higher score
suggests greater evidence of the broad autism
phenotype. Kose et al. (33) conducted a study of a
Turkish version of the test and they calculated a testretest reliability of 0.72 and an internal consistency
coefficient as 0.64.
Edinburgh Handedness Inventory
Handedness was identified using the Turkish version of
the Edinburgh Handedness Inventory (34) modified by
Geschwind and Behan (35,36). The respondent is asked
to identify which hand they prefer to use to perform
daily activities, such as writing and using scissors or
other utensils. The items are scored with +10, +5, 0, -5,
-10 points for responses of "always right," "usually right,"
"two-handed," "usually left," and "always left,"
respectively. The value obtained, the Geschwind score
(GS), is between +100 and -100. Following Geschwind’s
proposal, the laterality score take as the sum of all these
scores, and no quotient was calculated. In memory of
Norman Geschwind, this laterality score called the
“Geschwind score” and this value is between +100 and
-100.A negative score indicates a greater predisposition
to left-handedness, while a positive score indicates a
right-handed preference.
Statistical Analysis
IBM SPSS Statistics for Windows, Version 20.0 software
(IBM Corp., Armonk, NY, USA) was used to perform
the statistical analysis. Normality of the distribution of
continuous variables was assessed using a histogram
and confirmed with the the Kolmogorov-Smirnov test.
Descriptive statistics were displayed as the mean±SD for
continuous variables, and the number of cases and (%)
for categorical variables. Pearson’s chi-squared test was
used to compare categorical variables between the 2
groups. Student's t-test was used to compare the means
of the 2 groups when the parametric test assumptions
were met, and the Mann-Whitney U-test was used
when the parametric test assumptions were not met.
The independent effects of different predictors of the
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Table 1: Sociodemographic data
BD

Control

(n=66)

(n=66)

χ2/t

p

0

1

n*

%*

n*

%*

Female

33

50

33

50

Male

33

50

33

Mean

SD

Mean

SD+

Age (years)

36.7

9.8

37.7

8.1

-0.668

0.505

Education (years)

12.8

2.3

12.4

2.9

0.797

0.427

n*

%*

n*

%*

Married

32

48.5

38

57.6

1.964

0.375

Single

29

43.9

26

39.4

Divorced

5

7.6

2

3

Housewife

7

10.6

7

10.6

2.646

0.266

Employed

44

66.7

51

77.3

Unemployed

15

22.7

8

12.1

Gender

+

+

50
+

Marital status

Occupational status

*: Chi-squared test, +: Student t-test, p<0.05. BD: Bipolar disorder

AQ total score were examined using a multivariate
linear regression model. A dummy variable was assigned
for the categorical parameters used as an independent
variable (female=0, male=1 for gender; no disease=0,
present=1 for bipolar disorder). Cases with a type-1
error level <5% were considered statistically significant.

Table 2: Clinical parameters of the BD group
BD (n=66)
Mean

SD

Disease duration (years)

15.47

8.44

Age of disease onset (years)

21.3

5.1

Number of hospitalization

2.16

1.98

n

%

Yes

50

75.8

No

16

24.2

Yes

18

27.3

No

48

72.7

Yes

24

36.4

No

42

63.6

Lithium

16

24.2

Valproate

16

24.2

Lithium+valproate

5

7.6

Lithium+antipsychotic

16

24.2

RESULTS
In all, 66 (33 female, 33 male) patients with BD and 66
gender-matched healthy controls were included in the
study. The mean age of the patients was 36.7±9.8 years
with a mean level of formal education of 12.8±2.3 years.
The mean age of the control group was 37.7±8.1 years,
with a mean education level of 12.4±2.9 years. There
was no statistically significant difference between the
groups in either parameter. The sociodemographic data
of the sample are summarized in Table 1 and the clinical
parameters of the patients with BD are presented in
Table 2.
The mean total AQ score of the patients was
22.9±4.96 and 19.1±4.43 in the control group; the
difference was significant (t=4.627; p<0.001). Evaluation
of the AQ subscores of communication, imagination,
and attention shifting indicated that the mean subscore
of the patient group was higher than that of the control
group, and that the difference was significant. Although
other AQ subscores and the mean Edinburgh

Psychotic episode

Suicide attempt

Family history of psychiatric disorder

Current treatment

Valproate+antipsychotic

9

13.6

Antipsychotic

3

2.3

Lithium+antidepressant

1

1.5

BD: Bipolar disorder
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handedness score was higher in the patient group than
in the control group, however, the difference was not
statistically significant. The comparison of scale scores
is summarized in Table 3. The handedness score was
negative in 7.6% (n=5) of the BD group and 12.1%
(n=8) of the control group; the difference was not
statistically significant (χ2=0.768; p=0.381).
Multivariate linear regression analysis was
performed to assess the effect of the handedness score,
BD presence, and gender on the AQ total score. A
dummy variable (0 for female gender, 1 for male gender;
0 for the control group, 1 for the BD group) was assigned
for the categorical variables of gender and the presence
of BD. The analysis revealed that the independent
variable of BD accounted for 15% of the AQ variance:
(F[3,128]=8.474; p<0.001; R2 adjusted=0.15). A
summary of the model is presented in Table 4.

DISCUSSION
Our results indicated a greater presence of the broad
autism phenotype among BD patients than healthy
controls. The difference was illustrated by reduced
scores on the subfeatures of communication,

imagination, and attention. In addition, broad autism
phenotype traits were found to be a disease-related
feature in BD patients, regardless of gender.
Although high rates of the broad autism phenotype
have been reported in studies of mood disorders, to our
knowledge, only 1 study included a control group (17).
Among a total of 290 subjects, the authors of that study
examined 56 BD patients and 65 healthy controls. A
study that examined autistic traits using the results of
the Social Responsiveness Scale-Second Edition found
that 50% of the patients had autistic traits; however, an
important limitation of the study is that the control
group was not matched by gender. The significantly
greater number of women in the control group (72% vs
56%) may have had an effect on the difference in the
results (17). Dell’Osso et al. (18) studied the clinical
significance of autistic traits in patients with BD. Their
study examined 147 BD patients: 97 had been diagnosed
with Bipolar 1 disorder and the remainder with Bipolar
2 disorder, but there was no control group. Similar to
our findings, the patient group scored an average of 21
points on the AQ, and no significant difference was
found based on gender (18). Aker et al. (19) found that
male patients with BD had more autistic characteristics

Table 3: Comparison of scale scores
BD (n=66)

Control (n=66)

Mean

SD

Mean

SD

4.68

2.02

4.35

1.88

Z/t

p

-0.505

0.505

Autism-Spectrum Quotient
Social skills*
Communication*

4.2

1.71

2.53

1.25

-5.718

<0.001

Imagination*

4.5

1.99

3.42

1.74

-2.927

0.003

Attention to detail*

4.45

2.3

4.36

2.16

-0.219

0.827

Attention switching*

5.08

1.92

4.45

1.9

-2.060

0.039

Total AQ score#

22.91

4.96

19.12

4.43

4.627

<0.001

76.82

40.02

64.32

48.22

-1.650

0.099

Edinburgh Handedness Inventory
Geschwind score*

*: Mann-Whitney U test, #: Student t-test, p<0.05. AQ: Autism-Spectrum Quotient, BD: Bipolar disorder

Table 4: Multivariate linear regression analysis for AQ total score
Model

(Constant)

Unstandardized
coefficients
B

SE

17.748

0.928

Standardized
coefficients

t

p

Beta
19.125

<0.001

95.0% Confidence
interval for B
Lower
bound

Upper
bound

15.912

19.585

Edinburgh Handedness Inventory score

0.017

0.009

0.146

1.795

0.075

-0.002

0.035

Male sex

0.610

0.813

0.061

0.750

0.455

-1.000

2.219

BD presence

3.580

0.821

0.355

4.359

<0.001

1.955

5.206

Dummy variables were assigned for gender (female=0, male=1) and for BD presence (no=0, yes=1). AQ: Autism-Spectrum Quotient, BD: Bipolar disorder
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than female patients, whereas, Yildiz et al. (20) and
others have reported no relationship between gender
and the presence of broad autistic traits. Congruent
with most studies in the literature, we observed no
significant difference in the AQ scores based on gender
(37,38). Despite the methodological differences of
earlier studies, the high detection of major autistic
features in BD patients is consistent with the results of
earlier genetic and clinical studies. Research examining
the etiological relationship between BD and autism
reveals common factors, including genetic, cognitive,
social, and neurobiological processes (10). These
processes are thought to have an influence on the broad
autism phenotype in BD. It should therefore be kept in
mind that the broad autistic phenotype may be the rule,
rather than the exception, in patients with BD.
We located no study comparing subfeatures of AQ in
BD patients with healthy controls. Studies evaluating
subscales of AQ generally highlight 3 subfeatures
(reduced communication, attention to detail, and social
skills) (39). However, Hurst et al. (40) also noted high
imagination scores. In our patient group, reduced social
communication, imagination, and ability to shift
attention stood out as prominent autistic features. Social
communication requires advanced theory of mind
(ToM) skills, as well as pragmatic language use (41).
ToM is an individual's ability to grasp and describe
mental states such as beliefs, intentions, and emotions
in themselves and others. It has been shown that BD
patients may have impairments in the use of pragmatic
language in (42), and ToM may be particularly
important to social communication. ToM skills develop
in childhood and become increasingly complex (43).
Many studies of BD patients have revealed impaired
ToM (44). This weakness increases during an active
disease period as well as over time (45,46). In both
autistic and non-autistic clinical samples, it has been
shown that social communication was weaker with
impairment of ToM (47,48). It appears that impaired
social communication, an autistic phenotype measure,
may be a reflection of impaired ToM in BD patients.
Imagination is a complex mental activity that
involves episodic memory retrieval, visualization,
mental stimulation, spatial navigation, and thinking
about a future event (48). It is a constructive process
controlled by the default mode network (49). In BD,
imagination is generally evaluated on the axis of
creativity. Although increased creativity in BD has been
reported for many years, methodological criticisms
have been raised regarding the validity of the evidence
(50). It has been suggested that increased imagination
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affects creativity, especially in a period of hypomania
(50). This point of view posits that imagination becomes
elevated in a dysfunctional way in psycho-emotional
disorders (51). Findings regarding imagination in
autism seem to indicate that higher cognitive function
could have a critical role in distinguishing between
autism and psychotic disorders (52). Imagination
deficits in autism are a diagnostic criterion in the DSM5 (53). Studies evaluating creativity in individuals with
subclinical autistic traits, however, have yielded
contradictory findings. It has been reported that
personality-linked creativity was negatively associated
with the broad autism phenotype, while cognitivelyrelated creativity was not (54). Paola et al. (55) reported
a negative relationship between personality-linked
creativity and imagination scores in individuals with
autism. The relationship between imagination and
creativity in individuals with autism is not yet clear, and
the relationship becomes even more complex in BD
patients with autistic features. Studies with larger
samples are needed to further examine our findings that
imagination was low in BD patients. In addition, the
extent to which creativity is affected in BD patients with
a pronounced autistic phenotype should also be
investigated in future studies.
It is well-known that BD patients typically experience
attention-related problems, an indication of cognitive
function (56). Although attention-deficit disorder is
more common in periods of mania and depression, it
has also been shown to occur in euthymic periods (57).
Being easily distracted is one of the DSM-5 diagnostic
criteria for a mania episode (53). The clinical model for
attention identifies 5 subprocesses: focus, maintaining
and shifting attention, selective attention, and divided
attention (58). Shifting attention refers to the ability to
direct attention to prioritized stimuli. Like other
cognitive abilities, it begins to develop in the early years
of childhood and matures in early adolescence (59).
Studies of BD have generally focused on maintaining
attention; the ability to shift attention has not been as
thoroughly examined (57,60). In a study evaluating the
ability to shift attention that used the dichotic listening
test, the results indicated that the ability to shift
attention was as impaired in BD patients as in
schizophrenia patients (61). The ability to shift attention
has also been explored in mood disorders in relation to
reward stimuli. A study of reward responsiveness
revealed that depression developed in 81 of 531
adolescents who were followed up for 9 years. The
authors recommended efforts to improve responsiveness
to reward stimuli and the ability to shift attention from
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negative stimuli (62). Similarly, in a study evaluating
patients with autism and BD in terms of reward
expectancy, it was shown that cognitive impairment
contributed to the decrease in reward expectation in
both diseases (63). We also noted that decreased ability
to shift attention in BD patients may be a result of
impaired ability to shift attention to a reward. However,
additional, more comprehensive research is required to
better understand the ability to shift attention in BD
patients and to reveal its relationship to the broad
autistic phenotype.
Studies that have assessed handedness in BD have
generally found that non-right-handedness is common,
however, the methodological differences are striking.
Although atypical handedness was common in 2 studies
with large samples, the research did not include a
control group (26,64). In another study without a
control group, atypical handedness was determined
based on only a single question (27). Fasmer et al. (65)
used both adult and adolescent patients in the BD
group, and a significant difference was found only in
adolescent patients compared to a control group.
Consistent with our findings, other research has
demonstrated no significant difference in handedness in
a comparison of BD patients and healthy controls (25).
Although hand preference typically develops in the first 2
years of life, it can change as a result of environmental or
social effects and this constitutes an important obstacle to
studies evaluating handedness (66). In a study conducted
in Turkey found a significant relationship between
coronary artery and cerebral functional dominance and
the authors noted that a socially more acceptable view of
right-handedness could affect hand preference (67). In
our study, the prevalence of negative score of handedness
in the patient group (7.6%) was lower than that observed
in other countries (26,65). Social attitudes may have
affected our results. In addition to environmental factors,
the FOXP2 gene, which is known to be associated with
language development, has been shown to influence hand
preference (68). Inhibition of DISC1 promoter activity by
the FOXP2 gene and DISC1 regulation of the GSK3B/
catenin pathway has been associated with BD and other
psychiatric diseases (69). There may be a relationship
between BD and the genetic background of handedness.
All of these results suggest that hand preference, which is
regarded as an indicator of cerebral lateralization, should
be further evaluated with a larger sample and strong
methodology in BD patients.
Although atypical handedness has frequently been
demonstrated in autism (21), we know of no study
evaluating an association with the broad autistic

phenotype. We observed a weak correlation between
hand preference scores and the autistic phenotype,
which may seem unexpected. The effect of
environmental factors on hand preference is the first
option that comes to mind to explain this finding;
however, the regression analysis conducted showed that
although hand preference demonstrated no predictive
effect on the total AQ score, the p value obtained was
close to the level of significance p=0.075). The
relationship may have been affected by environmental
factors or our sample size. Additional, larger studies are
needed to further explore the significance.
Advanced analysis also revealed that gender was not a
predictive value for the total AQ score. The literature
offers conflicting data related to the assessment of gender
and AQ scores. The male predominance in autism
suggests that there may also be a gender difference in the
broad autistic phenotype. It has been reported that the
broad autistic phenotype is more common in males in
the general population (70). However, studies of patients
with schizophrenia and autism have shown that gender
had no effect on the AQ score (37, 38), which is congruent
with our findings; gender had no effect on the AQ score
in our regression model.
Our study has some limitations. We used a relatively
small sample compared with some previous studies,
however, the inclusion of a control group and equal
gender distribution is some compensation and provides
useful new data. It should also be kept in mind that
patients recruited from a specialized mood disorder
center may not reflect all patients with BD. Finally, the
use of self-report scales, especially to evaluate
handedness, may have created a bias in the participant
responses.
In conclusion, the increasing attention given to the
broad autism phenotype in BD needs to be evaluated in
conjunction with the AQ and other clinical phenomena.
At this stage, study differences, such as sample selection
and the screening tool used, make it difficult to obtain
or assess common results. However, it has been
proposed that the broad autistic phenotype is common
in BD patients and our study findings confirm this
conclusion. We think that the reduced abilities related
to social communication, shifting attention, and
imagination, which are symptoms of the broad autistic
phenotype, that we detected in BD patients may be
related to some previously described traits of autism
spectrum. The evaluation of AQ subfeatures in BD
patients will contribute to a better holistic understanding
of these patients. Our finding that atypical handedness,
another important individual feature associated with
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autism, was not higher in the BD patient group than in
healthy controls, is similar to some previous studies of
BD patients, but we must also consider the potential
role of social factors. We believe that additional testing
with larger samples will contribute valuable information
to the diagnosis and treatment of BD patients.
Contribution Categories

Category 1

Category 2
Category 3
Other

Author Initials

Concept/Design

A.C., B.I.

Data acquisition

B.I.

Data analysis/Interpretation

A.C., B.I.

Drafting manuscript

A.C.

Critical revision of manuscript

B.I.

Final approval and accountability

A.C., B.I.

Technical or material support

A.C., B.I.

Supervision

N/A

Ethics Committee Approval: This study was approved by the
Selcuk University Local Ethics Committee [IRB: 07.04.2021–
2021/192].
Informed Consent: The patients enrolled were informed about the
study and provided written consent.
Peer-review: Externally peer-reviewed.
Conflict of Interest: The authors declare that there are no conflicts
of interest.
Financial Disclosure: The authors received no financial support for
this research.

REFERENCES
1. Merikangas KR, Jin R, He JP, Kessler RC, Lee S, Sampson NA, et
al. Prevalence and correlates of bipolar spectrum disorder in the
world mental health survey initiative. Arch Gen Psychiatry 2011;
68:241-251. [CrossRef]
2. Polderman TJ, Benyamin B, de Leeuw CA, Sullivan PF, van
Bochoven A, Visscher PM, Posthuma D. Meta-analysis of the
heritability of human traits based on fifty years of twin studies.
Nat Genet 2015; 47:702-709. [CrossRef]

275

7. Cross-Disorder Group of the Psychiatric Genomics Consortium,
Lee SH, Ripke S, Neale BM, Faraone SV, Purcell SM, Perlis RH,
et al. Genetic relationship between five psychiatric disorders
estimated from genome-wide SNPs. Nat Genet 2013; 45:984994. [CrossRef]
8. Hossain MM, Khan N, Sultana A, Ma P, McKyer ELJ, Ahmed HU,
et al. Prevalence of comorbid psychiatric disorders among people
with autism spectrum disorder: An umbrella review of systematic
reviews and meta-analyses. Psychiatry Res 2020; 287:112922.
9. Takara K, Kondo T. Comorbid atypical autistic traits as a potential
risk factor for suicide attempts among adult depressed patients: a
case-control study. Ann Gen Psychiatry 2014; 13:33. [CrossRef]
10. Oakley B, Loth E, Murphy DG. Autism and mood disorders. Int
Rev Psychiatry 2021; 33:280-299. [CrossRef]
11. Rice CE, Rosanoff M, Dawson G, Durkin MS, Croen LA, Singer A,
et al. Evaluating Changes in the Prevalence of the Autism Spectrum
Disorders (ASDs). Public Health Rev 2012; 34:1-22 [CrossRef].
12. Constantino JN, Todd RD. Autistic traits in the general
population: A twin study. Arch Gen Psychiatry 2003; 60:524-530.
13. Posserud MB, Lundervold AJ, Gillberg C. Autistic features in a
total population of 7-9-year-old children assessed by the ASSQ
(Autism Spectrum Screening Questionnaire). J Child Psychol
Psychiatry 2006; 47:167-175. [CrossRef]
14. Sucksmith E, Roth I, Hoekstra RA. Autistic traits below the
clinical threshold: re-examining the broader autism phenotype in
the 21st century. Neuropsychol Rev 2011; 21:360-389. [CrossRef]
15. Ziermans TB, Schirmbeck F, Oosterwijk F, Geurts HM, de
Haan L; Genetic Risk and Outcome of Psychosis (GROUP)
Investigators. Autistic traits in psychotic disorders: prevalence,
familial risk, and impact on social functioning. Psychol Med
2020: 1-10. [CrossRef]
16. Ruzich E, Allison C, Smith P, Watson P, Auyeung B, Ring H, et al.
Measuring autistic traits in the general population: a systematic
review of the Autism-Spectrum Quotient (AQ) in a nonclinical
population sample of 6,900 typical adult males and females. Mol
Autism 2015; 6:2. [CrossRef]
17. Matsuo J, Kamio Y, Takahashi H, Ota M, Teraishi T, Hori H, et
al. Autistic-like traits in adult patients with mood disorders and
schizophrenia. PLoS One 2015; 10:e0122711. [CrossRef]

3. Sarrazin S, Cachia A, Hozer F, McDonald C, Emsell L, Cannon
DM, et al. Neurodevelopmental subtypes of bipolar disorder are
related to cortical folding patterns: An international multicenter
study. Bipolar Disord 2018; 20:721-732. [CrossRef]

18. Dell'Osso L, Carpita B, Bertelloni CA, Diadema E, Barberi
FM, Gesi C, et al. Subthreshold autism spectrum in bipolar
disorder: Prevalence and clinical correlates. Psychiatry Res 2019;
281:112605. [CrossRef]

4. Valli I, Fabbri C, Young AH. Uncovering neurodevelopmental
features in bipolar affective disorder. Br J Psychiatry 2019;
215:383-385. [CrossRef]

19. Abu-Akel A, Clark J, Perry A, Wood SJ, Forty L, Craddock N,
et al. Autistic and schizotypal traits and global functioning in
bipolar I disorder. J Affect Disord 2017; 207:268-275. [CrossRef]

5. Fombonne E. Epidemiology of autistic disorder and other
pervasive developmental disorders. J Clin Psychiatry 2005;
66(Suppl 10):3-8.

20. Yildiz M, Kupeli NY, Demir MO, Batmaz S, Celikbas Z, Ergun
S. Correlation of autistic symptoms with depression and mania
severity in bipolar disorder. Psychiatry and Behavioral Sciences
2018; 8:71-78. [CrossRef]

6. Vorstman JAS, Parr JR, Moreno-De-Luca D, Anney RJL,
Nurnberger JI Jr, Hallmayer JF. Autism genetics: opportunities
and challenges for clinical translation. Nat Rev Genet 2017;
18:362-376. [CrossRef]

21. Markou P, Ahtam B, Papadatou-Pastou M. Elevated levels of
atypical handedness in autism: meta-analyses. Neuropsychol Rev
2017; 27:258-283. [CrossRef]

276

Dusunen Adam The Journal of Psychiatry and Neurological Sciences 2021;34:268-277

22. de Kovel CGF, Carrión-Castillo A, Francks C. A large-scale
population study of early life factors influencing left-handedness.
Sci Rep 2019; 9:584. [CrossRef]
23. Hampson E, Sankar JS. Hand preference in humans is
associated with testosterone levels and androgen receptor gene
polymorphism. Neuropsychologia 2012; 50:2018-2025. [CrossRef]
24. Denny K. Handedness and depression: evidence from a large
population survey. Laterality 2009; 14:246-255. [CrossRef]
25. Savitz J, van der Merwe L, Solms M, Ramesar R. Lateralization of
hand skill in bipolar affective disorder. Genes Brain Behav 2007;
6:698-705. [CrossRef]
26. Nowakowska C, Sachs GS, Zarate CA Jr, Marangell LB, Calabrese
JR, Goldberg JF, et al. Increased rate of non-right-handedness in
patients with bipolar disorder. J Clin Psychiatry 2008; 69:866867. [CrossRef]
27. Ravichandran C, Shinn AK, Ongur D, Perlis RH, Cohen B.
Frequency of non-right-handedness in bipolar disorder and
schizophrenia. Psychiatry Res 2017; 253:267-269. [CrossRef]
28. Hamilton M. A rating scale for depression. J Neurol Neurosurg
Psychiatry 1960; 23:56-62. [CrossRef]
29. Akdemir A, Turkcapar MH, Orsel SD, Demirergi N, Dag I,
Ozbay MH. Reliability and validity of the Turkish version of
the Hamilton Depression Rating Scale. Compr Psychiatry 2001;
42:161-165. [CrossRef]
30. Young RC, Biggs JT, Ziegler VE, Meyer DA. A rating scale for
mania: reliability, validity and sensitivity. Br J Psychiatry 1978;
133:429-435. [CrossRef]
31. Karadag F, Oral T, Yalçin FA, Erten E. [Reliability and validity of
Turkish translation of Young Mania Rating Scale]. Turk Psikiyatri
Derg 2002; 13:107-114. [Turkish]

39. English MCW, Gignac GE, Visser TAW, Whitehouse AJO,
Maybery MT. A comprehensive psychometric analysis of autismspectrum quotient factor models using two large samples: Model
recommendations and the influence of divergent traits on totalscale scores. Autism Res 2020; 13:45-60. [CrossRef]
40. Hurst RM, Mitchell JT, Kimbrel NA, Kwapil TK, Nelson-Gray
RO. Examination of the reliability and factor structure of the
Autism spectrum Quotient (AQ) in a non-clinical sample. Pers
Individ Dif 2007; 43:1938-1949. [CrossRef]
41. Norbury CF. Practitioner review: Social (pragmatic)
communication disorder conceptualization, evidence and
clinical implications. J Child Psychol Psychiatry 2014; 55:20416. [CrossRef]
42. McClure EB, Treland JE, Snow J, Schmajuk M, Dickstein DP,
Towbin KE, et al. Deficits in social cognition and response
flexibility in pediatric bipolar disorder. Am J Psychiatry 2005;
162:1644-1651. [CrossRef]
43. Apperly IA. What is “theory of mind”? Concepts, cognitive
processes and individual differences. Q J Exp Psychol (Hove)
2012; 65:825-839. [CrossRef]
44. Bora E, Bartholomeusz C, Pantelis C. Meta-analysis of theory of
mind (ToM) impairment in bipolar disorder. Psychol Med 2016;
46:253-264. [CrossRef]
45. McKinnon MC, Cusi AM, Macqueen GM. Impaired theory of
mind performance in patients with recurrent bipolar disorder:
moderating effect of cognitive load. Psychiatry Res 2010; 177:261262. [CrossRef]
46. Losh M, Martin GE, Klusek J, Hogan-Brown AL, Sideris J. Social
communication and theory of mind in boys with autism and
fragile x syndrome. Front Psychol 2012; 3:266. [CrossRef]

32. Baron-Cohen S, Wheelwright S, Skinner R, Martin J, Clubley E.
The autism-spectrum quotient (AQ): Evidence from Asperger
syndrome/high-functioning autism, males and females, scientists
and mathematicians. J Autism Dev Disord 2001; 31:5-17. [CrossRef]

47. Tordjman S, Celume MP, Denis L, Motillon T, Keromnes G.
Reframing schizophrenia and autism as bodily self-consciousness
disorders leading to a deficit of theory of mind and empathy with
social communication impairments. Neurosci Biobehav Rev
2019; 103:401-413. [CrossRef]

33. Kose S, Bora E, Erermis S, Aydın C. Psychometric properties of
the Turkish version of the Autism-Spectrum Quotient. Anadolu
Psikiyatri Derg 2010; 11:253-260.

48. Jung RE, Flores RA, Hunter D. A new measure of imagination
ability: Anatomical brain imaging correlates. Front Psychol 2016;
7:496. [CrossRef]

34. Oldfield RC. The assessment and analysis of handedness: the
Edinburgh inventory. Neuropsychologia 1971; 9:97-113. [CrossRef]

49. Agnati LF, Guidolin D, Battistin L, Pagnoni G, Fuxe K. The
neurobiology of imagination: Possible role of interactiondominant dynamics and default mode network. Front Psychol
2013; 4:296. [CrossRef]

35. Geschwind N, Behan P. Left-handedness: association with
immune disease, migraine, and developmental learning disorder.
Proc Natl Acad Sci U S A 1982; 79:5097-5100. [CrossRef]
36. Atasavun Uysal S, Ekinci Y, Coban F, Yakut Y. Investigation
of Turkish reliability of the Edinburgh Hand Preference
Questionnaire. J Exerc Ther Rehabil 2019; 6:112-118.
37. Kästner A, Begemann M, Michel TM, Everts S, Stepniak B, Bach
C, et al. Autism beyond diagnostic categories: Characterization
of autistic phenotypes in schizophrenia. BMC Psychiatry 2015;
15:115. [CrossRef]
38. Grove R, Hoekstra RA, Wierda M, Begeer S. Exploring sex
differences in autistic traits: A factor analytic study of adults with
autism. Autism 2017; 21:760-768. [CrossRef]

50. Greenwood TA. Creativity and bipolar disorder: A shared genetic
vulnerability. Annu Rev Clin Psychol 2020; 16:239-264. [CrossRef]
51. Crespi B, Leach E, Dinsdale N, Mokkonen M, Hurd P. Imagination
in human social cognition, autism, and psychotic-affective
conditions. Cognition 2016; 150:181-199. [CrossRef]
52. Crespi B, Badcock C. Psychosis and autism as diametrical
disorders of the social brain. Behav Brain Sci 2008; 31:241-261;
discussion 261-320. [CrossRef]
53. American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. Fifth ed., Washington, DC:
American Psychiatric Association; 2013. [CrossRef]

Cansiz et al. Evaluation of broad autism phenotype and handedness in patients with bipolar disorder

54. Jankowska DM, Omelańczuk I, Czerwonka M, Karwowski M.
Exploring links between creative abilities, creative personality
and subclinical autistic traits. Personal Individ Differ 2019;
142:226-231. [CrossRef]
55. Paola P, Laura G, Giusy M, Michela C. Autism, autistic traits and
creativity: a systematic review and meta-analysis. Cogn Process
2021; 22:1-36. [CrossRef]
56. Camelo EVM, Velasques B, Ribeiro P, Netto T, Cheniaux E.
Attention impairment in bipolar disorder: A systematic review.
Psychol Neurosci 2013; 6:299-309. [CrossRef]
57. Bora E, Vahip S, Akdeniz F. Sustained attention deficits in
manic and euthymic patients with bipolar disorder. Prog
Neuropsychopharmacol Biol Psychiatry 2006; 30:1097-1102.
58. Fiebelkorn IC, Kastner S. A rhythmic theory of attention. Trends
Cogn Sci 2019; 23:87-101. [CrossRef]
59. Anderson P. Assessment and development of executive function
(EF) during childhood. Child Neuropsychol 2002; 8:71-82. [CrossRef]
60. Sepede G, Chiacchiaretta P, Gambi F, Di Iorio G, De Berardis D,
Ferretti A, et al. Bipolar disorder with and without a history of
psychotic features: fMRI correlates of sustained attention. Prog
Neuropsychopharmacol Biol Psychiatry 2020; 98:109817. [CrossRef]
61. Bozikas VP, Kosmidis MH, Giannakou M, Kechayas P, Tsotsi
S, Kiosseoglou G, et al. Controlled shifting of attention in
schizophrenia and bipolar disorder through a dichotic listening
paradigm. Compr Psychiatry 2014; 55:1212-1219. [CrossRef]
62. Vrijen C, Hartman CA, Oldehinkel AJ. Reward-related attentional
bias at age 16 predicts onset of depression during 9 years of followup. J Am Acad Child Adolesc Psychiatry 2019; 58:329-338.

277

63. Schwarz K, Moessnang C, Schweiger JI, Baumeister S, Plichta
MM, Brandeis D, et al. Transdiagnostic prediction of affective,
cognitive, and social function through brain reward anticipation
in schizophrenia, bipolar disorder, major depression, and autism
spectrum diagnoses. Schizophr Bull 2020; 46:592-602. [CrossRef]
64. Fasmer OB, Akiskal HS, Hugdahl K, Oedegaard KJ. Non-righthandedness is associated with migraine and soft bipolarity in
patients with mood disorders. J Affect Disord 2008; 108:217-224.
65. van Dyck LI, Pittman BP, Blumberg HP. Non-right-handedness
in adolescents and adults with bipolar disorder. Bipolar Disord
2012; 14:571-572. [CrossRef]
66. Sosyal AS, Arhan E, Akturk A, Can H. Hand dominance and
factors determining hand dominance. Turk J Pediatr Dis 2007; 2:
60-68. (Turkish)
67. Tolunay H. Relationship between hand dominance and coronary
dominance. Turk J Clin Lab 2019; 10: 289-293. (Turkish)
68. Crespi B, Read S, Hurd P. Segregating polymorphisms of FOXP2
are associated with measures of inner speech, speech fluency and
strength of handedness in a healthy population. Brain Lang 2017;
173:33-40. [CrossRef]
69. Mao Y, Ge X, Frank CL, Madison JM, Koehler AN, Doud MK,
et al. Disrupted in schizophrenia 1 regulates neuronal progenitor
proliferation via modulation of GSK3beta/beta-catenin signaling.
Cell 2009; 136:1017-1031. [CrossRef]
70. Hoekstra RA, Vinkhuyzen AA, Wheelwright S, Bartels M,
Boomsma DI, Baron-Cohen S, et al. The construction and
validation of an abridged version of the autism-spectrum quotient
(AQ-Short). J Autism Dev Disord 2011; 41:589-596. [CrossRef]

