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Abstract

Background and Objectives: The joint study of cerebral asymmetries and bipolar disorder
(BD) has long attracted the interest of researchers and clinicians. Nevertheless, despite
the increasing awareness of hemispheric asymmetries in BD, the combined investigation
of these two constructs constitutes a relatively recent area of inquiry. The main objective
of the present systematic review is to systematically examine the existing literature in
order to identify, integrate and critically discuss evidence of hemispheric asymmetry in
BD patients in terms of brain anatomy, physiology and neuropsychological function. The
initial hypotheses support the presence of atypical cerebral asymmetry and differential
hemispheric activation as a function of mood states in BD. Materials and Methods: Following
the collection and analysis of numerous research papers through several databases and
search engines, specific papers were identified and screened according to specified inclusion
and exclusion criteria. Research papers on the adult bipolar population were included,
while papers including comorbidity with other disorders, lesions, or an underage or elderly
population, as well as meta-analyses and reviews, were excluded. This paper aligns with
the procedures in the Preferred Reporting Items for Systematic reviews and Meta-Analyses
(PRISMA 2020) guidelines, and was assessed for risk of bias according to the Cochrane
guidelines by the Newcastle-Ottawa Scale (NOS). Results: A total of 56 papers were
identified as eligible in this review. Despite inconsistent findings across the included studies,
an emerging pattern suggests the presence of atypical hemispheric asymmetry in BD, both
in terms of specific brain structures and functional activity. Moreover, several studies
associate depressive states with increased activation of the right hemisphere, whereas manic
states appear to be linked with increased activation of the left hemisphere. Conclusions:
These findings support the aforementioned hypotheses and partly align with the theoretical
framework of emotional laterality theories. However, although certain patterns were
observed, a comprehensive understanding of functional hemispheric asymmetry in BD
has not yet been achieved. The presence of contradictory findings highlights the need for
further extensive and systematic research to improve understanding of this topic.

Keywords: bipolar disorder; hemispheric asymmetry; brain lateralization; emotional
lateralization; mood disorders; cognitive function

1. Introduction

Cerebral asymmetry, also referred to as brain lateralization or hemispheric specializa-
tion, describes structural and functional differences between the two cerebral hemispheres
that influence both typical and atypical neuropsychological functioning. Although bilateral
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symmetry is a dominant anatomical feature of the human brain, notable structural and
functional asymmetries exist, reflecting hemispheric specialization across cognitive and
behavioral domains, known as “brain lateralization”.

While the scientific study of cerebral asymmetry is often associated with Paul Broca’s
demonstration on the left hemisphere dominance of language, early observations of hemi-
spheric differences predate his work [1]. Subsequent clinical and experimental research
established that although functions are distributed across both hemispheres, they are often
lateralized to varying degrees rather than being strictly localized.

Understanding bipolar disorder (BD) from a neurobiological perspective requires care-
ful consideration of emotional processing, as emotional dysregulation is a defining feature
of the disorder. Emotion is widely regarded as a multidimensional construct encompassing
cognitive and behavioral patterns shaped by subjective experience [2]. Consequently, sev-
eral neuropsychological theories have been proposed to explain how emotional processes
are organized in the brain. Early evidence for lateralized emotional processing comes
from observations of patients with left hemisphere lesions who, despite impaired speech,
retained the ability to recognize emotions [3]. The Right Hemisphere Theory proposes that
the right hemisphere plays a dominant role in both the perception and expression of emo-
tions [2,4-7]. The ‘Valence Hypothesis’” suggests that positive emotions are predominantly
processed in the left hemisphere, and negative emotions rely more strongly on the right
hemisphere [2,4,8,9].

Davidson later introduced the Approach-Withdrawal Hypothesis, which argues that
hemispheric asymmetry reflects motivational direction rather than emotional valence [10].
According to this model, approach-related emotions are associated with the left hemisphere,
whereas withdrawal-related emotions are linked to the right hemisphere. EEG studies pro-
vided empirical support for this hypothesis, although some researchers criticized its focus
primarily on frontal cortical activity [11]. Most recent perspectives integrate these mod-
els by suggesting that emotional processing emerges from dynamic interactions between
distributed neural networks across both hemispheres [6]. Contemporary neuroimaging
research further demonstrated that emotional lateralization involves dynamic, distributed
networks across both hemispheres and varies depending on emotional state, individual
traits, and neuropathology, suggesting plenty of alternative interpretation models [12,13].

Clinical observations of unilateral brain damage provided important evidence for emo-
tional lateralization. Patients with right hemisphere lesions frequently exhibit disturbances
in emotional expression, prosody, pragmatic communication, and social cognition, including
impairments in Theory of Mind [14-16]. Earlier descriptions reported that right hemisphere
damage was sometimes associated with euphoric or manic-like presentations, whereas left
hemisphere lesions were linked to depressive or catastrophic reactions [17-20]. Although
these findings were initially interpreted within simplified hemispheric models, they con-
tributed significantly to the development of more nuanced theories of emotional asymmetry.

Bipolar disorder is a complex and highly heritable mood disorder characterized by recur-
rent fluctuations between manic or hypomanic states and depressive episodes [21,22]. Brain
functional abnormalities mainly involve emotion-processing circuits, including hyperactive
amygdala, hypoactive hippocampus and prefrontal cortex, and altered reward-related re-
gions like the anterior cingulate and basal ganglia [23-26]. Structural studies show reduced
prefrontal and hippocampal volume and enlarged amygdala, as well as altered neuroplas-
ticity markers like BDNF [27-30]. These differences may reflect genetically guided network,
rather than isolated structure, dysfunction [26].

The present systematic review aims to address a gap in the literature via identifying,
analyzing and critically evaluating existing evidence regarding hemispheric asymmetries in
BD, and their potential role in its pathophysiology. By integrating structural and functional
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findings, this review seeks to clarify whether atypical brain lateralization represents a core
neurobiological feature of BD.

Although the current topic has recently drawn scientific attention, the number of
reviews that pertain to hemispheric asymmetry specifically in bipolar disorder remains
limited, and therefore only a few reviews that align with this topic were taken into con-
sideration. Most of the consistent reviews focused on more general neuropsychological
data and cognitive impairments in bipolar disorder, with few connections to hemispheric
asymmetry [31-34]. However, most of them, when referring to hemispheric asymmetries,
supported the right hemisphere involvement in depressive states and left hemisphere acti-
vation during mania. The most relevant review that was found was conducted by Moebus
et al., which emphasizes the role of hemispheric asymmetry in the pathophysiology of
bipolar disorder [35]. Consequently, apart from the aforementioned reviews, the research
on the connection between those two variables remains insufficient, which underlines the
importance of the current study.

Based on the existing literature, we propose two primary hypotheses: (1) individuals with
BD exhibit atypical structural and functional hemispheric asymmetries compared to healthy
controls, and (2) manic states are associated with relative left hemisphere hyperactivation,
whereas depressive states are associated with relative right hemisphere hyperactivation.

2. Materials and Methods
2.1. Literature Search Strategy

The literature search was conducted between 1 September 2024 and 31 January 2025.
The databases and search engines utilized were PubMed (National Library of Medicine,
Bethesda, MD, USA; https:/ /pubmed.ncbi.nlm.nih.gov/), EBSCO (EBSCO Information Ser-
vices Headquarters, Ipswich, MA, USA; https:/ /www.ebsco.com/), Scopus (Elsevier B.V.,
Amsterdam, The Netherlands; https:/ /www.scopus.com/), Cambridge Core (Cambridge
University Press, Cambridge, UK; https:/ /www.cambridge.org/core), APA Psychnet (Amer-
ican Psychological Association, Washington, DC, USA; https:/ /psycnet.apa.org/), SAGE
Journals (SAGE Publications Ltd., London, UK; https:/ /journals.sagepub.com/) and Sci-
enceDirect (Elsevier B.V., Amsterdam, The Netherlands; https:/ /www.sciencedirect.com/).

For the literature search, keywords were combined using Boolean operators
(AND/OR/NOT). The following keywords and combinations were used: “Bipolar Disor-
der” AND (“hemispheric asymmetry” OR “cerebral asymmetry” OR “brain asymmetry”
OR “lateralization” OR “brain lateralization”), “Bipolar Disorder” AND (“structural MRI”
OR “functional MRI” OR “DTI” OR “EEG”), “Bipolar Disorder” AND (“left hemisphere”
OR “right hemisphere”), “mood disorders” AND “hemispheric asymmetry”, “Bipolar
Disorder” AND (“neuropsychology” OR “neurobiology” OR “neuroscience”), (“bipolar
affective disorder” OR “manic depression” OR “bipolar depression”) AND “brain asymme-
try”, “Bipolar Disorder” AND (“memory” OR “executive” OR “attention” OR “cognitive”
OR “neurocognitive” OR “neuropsychological”) AND (“dysfunction” OR “impairment”
OR “deficits” OR “abnormalities”), “Bipolar Disorder” NOT (“children” OR “young adults”
OR “adolescents”), “Bipolar Disorder” NOT “after injury”, “Bipolar Disorder” NOT “el-
ders”. The bibliographic material was systematically collected at multiple stages, using the
aforementioned keywords in various combinations. No automated bibliography manage-
ment or screening tools were used during the search process.

In order to ensure that the selected studies were consistent with the objectives of the
present systematic review, specific inclusion and exclusion criteria were applied. Studies ex-
amining BD and cerebral or hemispheric asymmetry were included. Eligibility required that
participants had a previous clinical diagnosis of BD type I or type II. Studies investigating
brain lateralization, as well as the functional specialization of the left and the right cerebral
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hemispheres, were also considered. Additionally, studies employing neuroimaging and
neurophysiological methods, including Magnetic Resonance Imaging (MRI), Functional
Magnetic Resonance Imaging (fMRI), Diffusion Tensor Imaging (DTI), Electroencephalog-
raphy (EEG), and other neuroimaging techniques, were included. In a broader context,
studies examining the relationship between affective disorders and cerebral asymmetries
were reviewed. Research exploring BD in relation to neuropsychology, neurobiology, and
neuroscience was also considered.

Although no formal protocol was preregistered or published prior to conducting this
review, it was conducted retrospectively and strictly adhered to PRISMA guidelines to
ensure methodological rigor in study selection, data extraction, and statistical analyses.
Recognizing the importance of preregistration in enhancing transparency and reproducibil-
ity, we are committed to registering protocols for future systematic reviews in accordance
with best practices for transparency and reproducibility.

2.2. Selection Process

The process of identification, screening, and eligibility checking was conducted follow-
ing the PRISMA guidelines. Initially, 374 studies were identified by the authors through
searching the databases and search engines mentioned before. No records were identi-
fied through other types of sources. After removing duplicate records that were detected
(n = 94), the number of studies available for screening was 280. During the screening pro-
cess, the papers were evaluated based on their abstract, title and relevance to the topic of the
present review. This process resulted in the exclusion of 115 records. In addition, 10 reports
could not be retrieved and were therefore excluded prior to the eligibility assessment. The
remaining 155 papers underwent an eligibility evaluation based on particular inclusion
and exclusion criteria. A total of 109 full-text articles were excluded, as they were found
to be irrelevant to the aims, objectives, and inclusion criteria proposed. The remaining
56 papers fulfilled the inclusion criteria and were therefore included in the final review.

Two of the authors (EN and EI) independently conducted the initial data extraction.
Subsequently, they proceeded to cross-check the findings extracted by each party in order
to ensure accuracy and sufficiency. Discrepancies were resolved through discussion and
consensus, and this approach was applied uniformly across studies to maintain data
integrity. The finalized data collection table provides a structured synthesis of the study
characteristics and key findings. All extracted variables were evaluated for risk of bias
following established guidelines, and any uncertainties regarding the quality of individual
studies were reported in accordance with the criteria of the assessment tool employed
(Newcastle-Ottawa Scale).

2.3. Inclusion Criteria

Studies were included if they met the following criteria: (1) examined individuals with
BD, particularly focusing on BD and cognitive functions commonly affected by BD, such as
memory, attention, and executive functioning, in order to provide a more comprehensive
understanding of the disorder; (2) investigated functional impairments or dysfunctions
associated with hemispheric specialization to further clarify the neurocognitive profile of in-
dividuals with bipolar disorder; (3) involved adult participants (>18 years old); (4) included
samples in which bipolar disorder was the primary diagnosis, while studies involving
common psychiatric comorbidities were considered when BD-related cognitive or func-
tional outcomes could be clearly identified; (5) employed neuropsychological, behavioral,
or neuroimaging methods to assess these domains.
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2.4. Exclusion Criteria

During the screening process, several studies were excluded based on predefined
criteria. Specifically: (1) studies involving participants with psychiatric or neurological
comorbidities were excluded; (2) studies in which bipolar disorder was described as
secondary to another medical or neurological condition were excluded; (3) studies primarily
focusing on genetic and epigenetic factors or neurochemical alterations were excluded, as
these topics were beyond the scope of the present review; (4) studies involving children,
adolescents, or young adults were excluded, since the present systematic review focused
exclusively on adult populations; (5) studies including elderly participants (over 75 years
of age) were excluded because late-life bipolar disorder symptoms may be associated with
neurodegenerative processes rather than primary bipolar disorder; (6) systematic reviews,
meta-analyses, and case studies were excluded in order to focus exclusively on original
empirical research relevant to the objectives of this review.

2.5. Risk of Bias

The papers were assessed for risk of bias, according to the Cochrane guidelines [36].
Individual studies included in the review were assessed by the Newcastle-Ottawa Scale
(NOS) [37]. The score was interpreted based on the following categories: very high risk of
bias, high risk of bias, and low risk of bias. Two of the authors conducted the risk of bias
assessment (EN and EI), and most of the papers assessed by the authors could be classified
as being at low risk of bias (a detailed RoB assessment is provided in Table S1).

3. Results

The study selection process followed the PRISMA guidelines [38]. A total of 374 studies
were initially identified through database searches. After applying the inclusion and
exclusion criteria, 56 studies were retained and included in the final review. The selection
process is illustrated in the PRISMA flow diagram (Figure 1). A total of 56 studies were
included in the present systematic review, spanning the period from 1987 to 2024, all
published in English. As previously described, these studies were selected following a
thorough eligibility screening process to ensure that their content aligned with the aims
of this review. Some studies that followed the topic of interest had to be excluded as
they did not meet the inclusion criteria. Specifically, several systematic reviews that were
theoretically eligible due to their relevance to the topic were excluded [33,35]. After detailed
analysis, interpretation, and evaluation of the included material, several findings were
identified, grouped, and organized according to their reported outcomes.

3.1. Categorization of Results

To facilitate interpretation of the evidence, the extracted results were categorized
based on methodology and type of evidence, resulting in three main groups: structural
neuroimaging findings, functional neuroimaging findings, and Functional findings from
neuropsychological assessment. The key results from all studies are summarized in Table 1.

Table 1. Table of results from the 56 studies included.

Direction of

Study Sample Method Asymmetry/Location of Type of Asymmetry
Impairments
BD (n = 31) [at least one
Abé [39] manic episode (1 = 13), MRI o BD M: frontal irregularities Structural asymmetry

non-mania (n = 18)]

Agarwal [40]

BD (n=14): BDI (n = 10),
BDII (n=4) lateralization

o BD: atypical cerebral blood

MRI Structural asymmetry
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Table 1. Cont.

Direction of

Study Sample Method Asymmetry/Location of Type of Asymmetry
Impairments
o BD: left ventral lateral
) BD (n =11), fMRI, neuropsychological  prefrontal cortex activation .
Altshuler [41] CG(n=17) assessment o BD: right dorsolateral Functional asymmetry

prefrontal cortex activation

Atagun [42]

BDIEU (1 =68), CG (n =
65)

Motor and cognitive
processing speed
assessment (including
memory, visuospatial
functions, and
hemispheric lateralization)

o Hemispheric lateralization,
cognitive processing and speed

Functional asymmetry
(behavioral lateralization)

Bellani [32])

BD (1 = 16), CG (n = 40)

Neuropsychological
assessment, visual stimuli
reaction time

® BD: no interhemispheric
information transfer dysfunction
® BD: no slowed reaction to
visual stimuli with right hand

Functional asymmetry
(visual asymmetry and
interhemispheric
asymmetry)

BD (n = 20), CG (1 = 67),

e Laterality index: BD > CG and

Bilder [43] other disorders (n = 148) MRI other disorders Structural asymmetry
e Mania: increased activity of
LH dorsal anterior cingulate Functional asymmetr
Blumberg [44] BDI, Mand EU, (n =11) PET cortex (dAACC) and the caudate (hyperactiva ti};n) y
nucleus, activity in frontal lobe YP
neural networks
. . Functional asymmetry
ERP, visual tests and o L visual field not R (electrophysiological,

Bruder [45]

BD (1 =11), CG (n = 24)

dichotic listening test

® BD reduced N100 amplitude
for stimuli in L visual field

visual ko auditory
asymmetry)

Bruder [46]

BD M and EU (n = 35),
CG (n=26)

Dichotic listening test

e Impairment in processing
complex tones in L ear

Functional asymmetry
(auditory asymmetry)

Caligiuri [47]

BD (n = 18) [DP (1 = 6),
M (n = 12)], CG (n = 13)

fMRI, reaction speed test

e Primary motor cortex (M1)
asymmetry
e Increased activation in L M1

Functional asymmetry
(sensorimotor
asymmetry)F

Coffman [48]

BD with psychotic
symptoms (1 = 30),
CG (n=52)

MRI (in 29 BD and 25 CG),
psychometric tests

o No functional or structural
asymmetry found

o BD: superficially extended RH
damage

Functional and structural
asymmetry

Dewan [49]

BD (1 = 25), CG (1 = 25)

CT scans,
neuropsychological
assessment

o No differences in asymmetry
found

Functional and structural
asymmetry

Egorov [50]

BD (n = 18)
[M (1 = 18)-DP syndromes
(n =29)], CG (n = 30)

Visuospatial drawing test

e BD DP: upper L field
preference
e BD M: upper R field preference

Functional asymmetry
(visuospatial asymmetry
and completion
perception)

Egorov [51]

BD (1 = 56) [DP (1 = 32),
M (n = 24)]

Auditory and visual test
(a: measurement of
poststimulatory auditory
adaptation (PAA) on the
left and right ears; b:
measurement of
after-image thresholds
(AITs) in the left and right
visual fields)

e BD DP: PAARear>L
AIT R visual field < L

e BD M: PAA Lear >R
AIT L visual field < R

Functional asymmetry
(auditory and visual
asymmetry)

Ferro [52]

BD (n = 38),
CG (n = 42)-Longitudinally:
BD(n = 17), CG(n = 16)

MRI

o Parietal lobe white and gray
matter: BD < CG

® BD: parietal lobe white matter
RH=LH

o CG: parietal lobe white matter
RH<LH

Structural asymmetry

Florio [53]

BD1I (n = 49), CG (n = 44)

Visual stimuli test and
reaction time

e Right hand reaction time: BD =
CG

Functional asymmetry
(interhemispheric
integration)
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Table 1. Cont.

Study

Sample

Method

Direction of
Asymmetry/Location of
Impairments

Type of Asymmetry

Harmon-Jones [54]

BD (n = 41), CG (1 = 53)

EEG

o BD: increased frontal
activation in demanding
goal-orientated tests in LH # RH

Functional asymmetry
(task demand)

Ho [55]

BD (1 = 35), CG (n = 77),
SHZ (1 = 150)

DTI

e Increase in RH radial
diffusivity (RA) in BD

o Increase in mean diffusivity
(MD) of RH areas in BD

o Increase in leftward laterality
index (LI) in BD

Structural asymmetry

Javadapour [56]

BD (n = 24), CG (1 = 24)

MRI

e Left hippocampus: BD > CG
(8.5%)

Structural asymmetry

Kaprinis [57]

BD (n = 26), CG (n = 30)

Dichotic listening test

e L ear: BDM > CG
e BD EU no laterality
deficiencies

Functional asymmetry
(auditory asymmetry)

Kieseppd [58]

Twins BD I (n = 24),
healthy twins of
BD (n=15), CG (n =27)

MR]I, interview

e LH white matter bd and twins
<CG

e RH white matter < twins and
CG

Structural asymmetry
(white matter)

Koller-Schlaud [59]

BD (1 = 22), CG (n = 32)

EEG, emotional face
stimuli

e Alpha-1 asymmetry scores did
not differ between BD with or
without DP

Functional asymmetry
(emotional processing)

Li [60]

BD (n = 49), CG (1 = 55)

DTI

o BD: atypical asymmetry in
feeder connections and local
connections

Structural asymmetry

Li[61]

BD (1 = 48), CG (1 = 48)

MRI

o BD: increased laterality index
in attention network

Structural asymmetry

Lohr [62]

BD (n = 13), CG (n = 50),
SHZ (n = 23)

Motor skills test

e BD: L hand dysfunction

Functional asymmetry
(motor coordination)

Lyon [63]

BD (n = 19), CG (1 = 19)

Neuropsychological Tests

(Lyon two-choice task,
visuomotor sequence
test-pin test)

o BD: tendency for leftward
rotation # CG: tendency for
rightward rotation

Functional asymmetry
(visual and motor
asymmetry)

Maller [64]

BD (1 =35) [ (n = 17),
II (n = 18)], CG (1 = 36)

MRI

o Gray matter, hippocampus,
occipital lobe volume: BD < CG
e Lateral ventricles volume: BD
>CG

o Occipital bending towards RH:
BD > CG

Structural asymmetry

Manelis [65]

BD (n=38) [BDI (n =11),
BD1I (n = 27)], DP (1 = 57),

CG (n = 54)

MRI

e Lateral ventricles volume: BD
and DP > CG

Structural asymmetry

Moorhead [28]

BD1I (n = 21), CG (n = 20)

MRI

e LH hippocampus gray matter,
cerebellum and fusiform gyrus
decrease: BD > CG

e No white matter differences
BD and CG

Structural asymmetry

Najt [66]

BDIEU (1 = 13),
CG (n = 15)

fMRI

o BD: Differences in connectivity
of sensory organs towards R
amygdala

o No differences from or
towards L amygdala

e Activation in posterior
cingulate gyrus, superior
temporal gyrus, calcarine fissure
— R amygdala decreased
activation

Functional asymmetry

Najt [67]

BDI (n =22), CG (n = 18)

Line-bisection task

e BD EU: decreased leftward
bisection direction with L hand
e Direction of bisection: BD >
CG (closer to line center)

Functional asymmetry
(hand preference and
visuomotor skills)
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Table 1. Cont.

Study

Sample

Method

Direction of
Asymmetry/Location of
Impairments

Type of Asymmetry

Najt [68]

BD I EU(n = 22),
CG (n=18)

Dichotic listening test

e Emotional prosody: BD EU —
atypical hemispheric functional
asymmetries

e BD EU did not present left ear
advantage

e Verbal test: Right ear
advantage — BD = CG

Functional asymmetry
(emotional prosody)

Nikolaenko [69]

First case: DP (BD and
non-BD) (n = 62),
SHZ (n = 30)

Second case: patients

Line drawing analysis

e Study of drawings in DP —
RH dominance

Functional asymmetry

(n=90) (Rausehenbach) o Study of drawingsin M — LH  (visuospatial asymmetry)
Third case: DP (BD and dominance
non BD) (n = 35),
M (n =22)
e BD in or not in treatment:
BD (n = 36) [in treatment decreased gray matter
Nugent [70] (n = 20), no treatment MRI (differences in regions) Structural asymmetry
(n=16)], CG (n = 65) e BD: increased white matter in
posterior cingulate cortex
EEG, interview, behavioral ~ © EEG: LH central frontal
Nusslock [71] BD (n =58), CG (n =59) ! ! activation — BD HM > CG and Functional asymmetry
assessment
BD DP
e Verbal fluency: BD = CG
_ _ fMRI, neuropsychological e Mental rotation: BD < CG Functional asymmetry
Padovan [72] BD (1 =18), CG (n = 16) tests o Verbal tests: impaired L (verbal lateralization)
lateralization in BD
B B e L anterior superior temporal
Pearlson [73] BD (n =27), CG (n = 60), MRI gyrus: BD > CG Structural asymmetry

SHZ (1 = 46)

e LH amygdala: BD < CG

Pettigrew [74]

BDEU (n = 18),
CG (n = 49)

Experimental tests,
binocular rivalry test

® BD: slow rate of
interhemispheric information
switching

Functional asymmetry
(interhemispheric
switching)

BD (n = 20), CG (n = 20),

e RH gray matter volume: BD >
CGe RH asymmetry: BD —

Pinto [75] SHZ (n = 20) MRI middle frontal gyrus, anterior Structural asymmetry
cingulate cortex
BD (n =15), CG (n =15),
Radonic¢ [76] SHZ (n = 15), MRI e BD: LH temporal lobe < RH Structural asymmetry

schizoaffective disorder
(n=15)

Rao [77]

BD (1 = 31), CG (n = 103),

Line-bisection task

e Line bisection: BD and SHZ <
CG

Functional asymmetry
(hand preference and

SHZ (n = 30) e BD: leftward deviation with R . .
hand visuomotor skills)
o BD: atypical lateralization of
stage gamma band in primary
. BD EU (n =17), . L auditory cortex Functional asymmetry
Reite 78] CG(n=17) MEG, auditory stimuli o BD: typical asymmetry in (auditory asymmetry)
secondary auditory cortex (R
frontal — L)
R 79 BDEU (n =18), fMRI t.hB]i): atypical Lfl Spitlai map 10 f Functional asymmetry
omeo [79] CG (1 =16) e language network, atypica (language network)
increased RH activation guag
BD (n = 20)
! BD: gray matter volume .
CGBD (n=32), N . Functional asymmetry
Royer [80] SHZ (n = 31), fMRI, verbal task asymmetry in language network (language nefwork)

CG SHZ (n = 31)

— not decreased
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Table 1. Cont.

Direction of

Study Sample Method Asymmetry/Location of Type of Asymmetry
Impairments
BD (n =21), CG (n =23),
. DP without treatment o Increased hypothalamus

Schindler [51] (n =20), DP in treatment MRI volume in BD and DP: LH > RH Structural asymmetry
(n=20)
BD EU (n = 17), DP

. . _ e e BD EU: frontal asymmetry, .
Spironelli [82] EZ ; ;?;, dysthymia EEG increased LH activation Functional asymmetry
Strakowski [30] BD (n=24),CG (n=22) MRI * BD: LH lateral ventricles Structural asymmetry

enlargement

Stratta [83]

BD (1 = 13), CG (n = 15)

Quality extinction test

o BD: difficulty in tactile
recognition with R hand # L
hand

Functional asymmetry
(tactile recognition)

BD (n =22), SHZ (n = 22),

Sukno [84] CG (n = 49) 3D laser imaging e Face asymmetry: BD # CG Structural asymmetry
e BD: atypical and altered
Tas [85] BD (1 = 25), DP (n = 56) EEG patterns O.f RH functional Functional asymmetry
connectivity and
interhemispheric connectivity
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3.1.1. Structural Neuroimaging Findings

Many studies focused on anatomical and morphological asymmetries in the brains of
individuals with BD. A total of 23 studies reported structural neuroimaging findings. Most
of these studies used MRI (n = 20), while three employed diffusion tensor imaging (DTI)
to assess white matter connectivity. Additionally, one study used CT scanning, and one
utilized 3D laser imaging. Four studies combined multiple methodological approaches. For
example, Yamada et al. used both MRI and DTI, while Kiesepp4 et al. combined MRI with
diagnostic interviews in twins [58,91]. Likewise, Dewan et al. and Coffman et al. integrated
neuropsychological tests (e.g., HRB, WAIS, and WCST) with CT or MRI data [48,49].

Findings from morphological neuroimaging studies investigating white matter asym-
metry in BD are mixed. Six studies [28,52,58,60,64,70] reported heterogeneous results. Some
studies identified reduced white matter volume in bipolar patients [52,58], particularly in
the left hemisphere or parietal regions, while others found no significant differences [28,64]
or even increased volume in specific regions, such as the posterior cingulate cortex [70].
DTI studies also revealed disrupted connectivity within networks involved in emotional
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regulation and executive control, specifically the default mode network and executive
control network, further highlighting the heterogeneity of white matter findings in BD [60].

[ Identification of studies via databases and registers ]
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Figure 1. PRISMA flow diagram.

Several studies have also examined ventricular size in BD. Five studies reported
findings primarily related to the lateral ventricles [30,58,64,65,73]. Most studies observed
ventricular enlargement in bipolar patients; Strakowski et al. reported greater enlargement
in the left hemisphere, whereas Manelis et al. found that longer illness duration and more
severe depressive symptoms were associated with greater enlargement of the lateral ventri-
cles [30,65]. Ventricular enlargement was also associated with altered myelin content in
the insular cortex, suggesting that ventricular abnormalities may reflect broader structural
changes in BD [65].

Beyond white matter alterations, several studies investigated gray matter
volume [28,52,58,64,70,75]. Most studies found that significant gray matter was decreased
compared with healthy controls. More specifically, overall gray matter reduction was
observed, either with or without hemispheric asymmetry, while Moorhead et al. linked
temporal lobe volume loss to cognitive impairment and mood instability [28,52,64].

The examination of cortical structural alterations in BD was a primary objective
in several studies (n = 6) [39,48,64,73,76,91]. The findings were again heterogeneous.
While Maller et al. reported no overall cortical volume differences, widespread, even
microstructural, cortical abnormalities, particularly in frontal, dorsolateral, temporal and
occipital regions, were identified.

Only a limited number of studies examined subcortical structures in BD [30,73,81].
Pearlson et al. found reduced left amygdala volume in bipolar patients, while Strakowski et al.
reported enlarged amygdala and possible enlargement of thalamic and pallidal struc-
tures [30,73]. Schindler et al. observed increased hypothalamic volume in both bipolar
and major depressive disorder patients, particularly in the left hemisphere [81]. The hip-
pocampus was investigated in two studies (n = 2) [56,64]. Maller et al. found reduced
bilateral hippocampal volume, while Javadapour et al. reported an 8.5% increase in left
hippocampal volume [56,64]. Only one study examined cerebral blood volume [40]. This
study reported abnormal lateralization patterns in bipolar patients, characterized by in-
creased blood volume in the left frontal and temporal lobes. This hyperperfusion may
reflect overactivation during mood episodes, particularly mania.
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DTI studies often use fractional anisotropy (FA) to assess white matter integrity
and connectivity (n = 2). In bipolar patients, FA values were reduced in anterior corpus
callosum fibers compared with healthy controls, indicating disrupted microstructural
organization [55,91]. Additional DTI metrics, including radial diffusivity (RD) and mean
diffusivity (MD), showed increased RD in the right hemisphere and elevated MD in several
regions, including the corpus callosum, cingulum, and internal and external capsules.
Bipolar patients also exhibited reduced interhemispheric FA in anterior and subcortical
regions, particularly in right occipital-parietal tracts, compared with both healthy controls
and individuals with schizophrenia.

The majority of studies investigating brain asymmetry in BD often use the laterality
index (LI) to quantify hemispheric dominance (n = 10) [43,48,49,52,55,60,61,65,75,89]. Over-
all, most studies reported atypical asymmetry in bipolar patients compared with healthy
controls [52,55,60]. Bipolar individuals frequently exhibit reduced or absent typical left
hemisphere dominance, possibly related to reduced left hemisphere white matter volume,
as well as altered connectivity affecting emotion regulation and visuospatial processing [52].
DTI studies also reported abnormal lateralization in anterior, subcortical, and callosal tracts,
often more pronounced in the right hemisphere [55,60]. Some studies also report increased
asymmetry in the premotor cortex [75], anterior cingulate, and attention-related networks,
while others reported normal or reduced asymmetry in specific brain regions [43,89]. Fur-
thermore, longer illness duration and more severe depressive symptoms may be associated
with reduced hemispheric asymmetry [65]. Overall, BD appears to be associated with
altered hemispheric asymmetry, though specific patterns vary across studies.

Taken together, the structural neuroimaging literature suggests that BD is associated
with widespread alterations in both cortical and subcortical structures, as well as disrupted
hemispheric asymmetry. However, considerable variability across studies indicates that
these alterations are likely influenced by clinical factors such as illness duration, medication
status, and mood state.

3.1.2. Functional Neuroimaging Findings

During the results recording process, part of the collected data concerned neuroimag-
ing findings associated with functional brain asymmetry. To identify these patterns, results
derived from various neuroimaging methods were examined. Specifically, findings from
eight studies employing fMRI were collected [41,47,66,72,79,80,86,90]. In addition, five
studies reported findings derived from EEG [54,59,71,82,85]. Furthermore, three studies
included results from MEG, while one reported data collected through PET. Finally, one
study presented findings collected using event-related potentials (ERPs), a method that
records the brain’s responses to external sensory, motor, or cognitive stimuli by measur-
ing the electrical activity generated by sensory processing [45]. By examining a range of
neuroimaging techniques, a more comprehensive understanding of functional cerebral
asymmetry in BD was obtained.

A substantial portion of the findings concerns observations related to frontal and pre-
frontal cortical regions, as well as the anterior brain more broadly. Studies report increased
frontal activation in response to positively valenced stimuli even during depressive states,
and frontal hyperactivation during manic episodes, particularly within the left frontopari-
etal cortex [44,59]. Similarly, increased activation of the left orbitofrontal and prefrontal
cortex during depressive states, along with reduced activation of the left orbitofrontal
cortex during mania, was reported [41]. Moreover, a more severe course of the disor-
der has been associated with increased left-hemispheric activation [71]. Further findings
examining cerebral asymmetry in BD focus on the amygdala. Although Altshuler et al.
reported no significant differences in amygdala activation between bipolar and non-bipolar
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individuals, Najt et al. demonstrated atypical cerebral organization involving the right
amygdala [41,66].

Another important aspect of the findings concerns cerebral asymmetry in BD and
linguistic networks. In Padovan et al.’s study, neuroimaging findings indicated a lack of
lateralization during phonemic tasks and an absence of typical left lateralization during
language tasks [72]. However, Royer et al. did not support the presence of reduced
brain lateralization [80]. More generally, alterations in the spatial organization of the
linguistic network within the left hemisphere have been observed, accompanied by atypical
hyperactivation of right hemisphere regions [79,86].

Regarding the auditory cortex, asymmetries have been observed in MEG responses
to auditory stimuli (M100, M200). Wang et al. reported asymmetry in the topographic
location of M100 in non-bipolar participants, whereas bipolar individuals exhibited more
symmetrical patterns, consistent with findings that further reported significantly reduced
M100 and M200 amplitudes in bipolar groups [87,88]. Similarly, reduced hemispheric
asymmetry in the primary and auditory cortex has been suggested, as well as irregularities
in temporal regions [78,79,85,87,88].

Additional findings concern the motor cortex. Caligiuri et al. reported increased
cerebral asymmetry in the primary motor cortex in bipolar patients, particularly within the
left hemisphere, reflecting increased cortical excitability [47]. While control participants
demonstrated typical bilateral activation of the supplementary motor area, with contralat-
eral predominance depending on the hand used during tasks, this pattern was absent
in bipolar individuals. Finally, Altshuler et al. reported weaker activation of the right
dorsolateral prefrontal cortex during task performance, suggesting impaired recruitment of
secondary task-related regions despite the involvement of working memory processes [41].

Differences were also observed in attentional processes. Specifically, neuroimaging
findings reported by Padovan et al. revealed weaker functional connectivity among regions
of the dorsal attention network in individuals with BD [72].

Regarding visuospatial perception and visual field processing in bipolar patients,
Bruder et al. reported an atypical asymmetry in visual regions during early stages of
processing, suggesting the involvement of attentional mechanisms rather than higher-order
cognitive processes [45]. Event-related potentials also revealed an electrophysiological
correlate of this atypical visual field asymmetry during auditory spatial tasks.

Finally, Tas et al. reported differences in concordance and coherence patterns in BD
patients compared with individuals with unipolar depression [85]. Specifically, altered
alpha and theta coherence in parietal-temporal regions indicated reduced perfusion and
decreased communication between brain regions, potentially leading to dysfunctional
information transfer and impaired emotional regulation. Additionally, reduced coherence
in frontal regions may indicate disruption of interhemispheric connectivity. Regarding
theta activity, Koller-Schlaud et al. reported increased theta activity in response to happy
faces compared with sad faces [59].

3.1.3. Functional Findings from Neuropsychological Assessment

Structural and functional neuroimaging studies reveal hemispheric asymmetries in
BD, but these findings must be complemented by behavioral evidence. Behavioral man-
ifestations of asymmetry can be examined through neuropsychological tests assessing
cognition, attention, visuospatial and auditory perception, and motor skills. These tests
help determine whether hemispheric asymmetry affects cognitive function in individuals
with BD compared with healthy controls. In total, 25 studies were identified: 15 using
only neuropsychological tests, and 10 combining neuropsychological assessment with
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neuroimaging methods, thereby providing valuable insight into the functional implications
of brain asymmetry in BD.

One of the most commonly used measures of hemispheric asymmetry is the dichotic
listening test, in which different auditory stimuli are simultaneously presented to each
ear to assess hemispheric dominance. Typically, healthy individuals exhibit a right-ear
advantage associated with left hemisphere language dominance. Bruder et al. found that
manic bipolar patients performed worse than controls, particularly for left-ear stimuli,
suggesting right hemisphere dysfunction and reduced left hemisphere dominance [45,46].

Beyond the dichotic listening test, other auditory tasks have also examined asymmetry
in BD. Overall, findings from auditory tasks suggest atypical hemispheric asymmetry in
BD, which appears to be influenced by mood state [51,78].

Another commonly used task for assessing hemispheric asymmetry is the line bisection
task, which is typically used to evaluate spatial neglect but also provides information about
hemispheric functioning [92]. However, in the two included studies that utilized this
specific task, bipolar participants exhibited differences in terms of performance [67,77].

Reaction time and processing speed have also been widely examined in neuropsy-
chological studies of BD. Atagun et al. found that stronger lateralization correlated with
faster processing in bipolar patients, possibly compensating for delays in interhemispheric
transmission [42]. Similarly reduced interhemispheric summation was reported, while
using fMRI, Caligiuri et al. showed that manic and depressed bipolar patients failed to
properly inhibit activity in the supplementary motor area, resulting in poorer reaction time
performance compared with controls [47,53].

Several studies employing neuroimaging methods have explored visuospatial and
visual processing in BD. Bruder et al. found that bipolar patients performed worse in
visuospatial tasks presented in the left visual field, suggesting right hemisphere dys-
function [45]. Similarly, Egorov and Nikolaenko observed mood-related differences in
hemispheric activation: depressed patients showed stronger right hemisphere activation,
while manic patients exhibited increased left hemisphere activation and poorer spatial
accuracy, indicating reduced right hemisphere involvement during mania [51]. Overall,
these findings support the important role of the right hemisphere in perceptual integration.

Regarding motor tasks, Lyon et al. reported that both right- and left-handed bipolar
patients tended to turn left in the Lyon two-choice task and pin test, unlike healthy right-
handed individuals who turned right [63]. This pattern suggests a disruption in hemispheric
dominance controlling movement direction and hand preference, possibly linked to increased
left dopaminergic activity in the striatum. Bipolar patients also showed slower performance,
which may reflect prefrontal or basal ganglia dysfunction or medication effects.

A smaller number of studies examined language network function and asymmetry in
BD using neuropsychological measures. Coffman et al. found nonverbal memory deficits in
bipolar patients but no differences in verbal memory or structural/functional asymmetry,
suggesting that BD cannot be characterized solely as a right hemisphere disorder [48].
Padovan et al. reported reduced left hemisphere lateralization during language and
phonemic tasks, accompanied by decreased functional connectivity in dorsal attention
networks, although overall language performance remained comparable to controls [72].

Several studies have examined functional motor and sensory asymmetry in BD. Lohr
and Caligiuri found motor asymmetries in bipolar patients, as greater left-hand dysfunction
and right hemisphere involvement was exhibited [47,62]. Likewise, studies support differ-
entiated motor and cognitive speed processing accompanied by stronger lateralization and
potential deficits, likely reflecting delays in interhemispheric transmission [42,63,83].

In conclusion, the available evidence highlights substantial heterogeneity in structural
and functional hemispheric asymmetry in BD. Findings are both convergent and contra-
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dictory, underscoring the complexity of hemispheric organization in the disorder and the
need for more integrative and methodologically consistent research.

4. Discussion

This systematic review aimed to identify potential patterns of structural and functional
brain asymmetry in individuals with BD compared to healthy controls. It also seeks to
explore potential trends in how the left and right hemispheres function in BD and how
these patterns relate to pathological mood shifts. By categorizing findings into structural,
functional-neuroimaging and neuropsychological domains, key conclusions are highlighted
for each category. The review further connects these observations to the broader theoretical
framework of BD and brain asymmetry, discusses potential limitations and directions for
future research aimed at addressing gaps in the literature, and improves understanding of
the topic in question. A schematic summary of the findings can be found in Figure 2.

Hemispheric Asymmetry in Bipolar Disorder

% Atypical hemispheric asymmetry in BD compared to controls in terms of structural,
functional and behavioral patterns.

Brain structures: Brain activity: Behavioral patterns:
e  Atypical laterality index e Increased activation in e  Altered behavioral
e  Enlargement of lateral response to emotional lateralization in auditory,
ventricles stimuli visual, motor, reaction
e  Reduced gray matter e  Frontal hyperactivation time and verbal tasks

volume

Altered language network
. Altered brain connectivity

< Depressive states — increased activation of the right hemisphere
% Manic states — increased activation of the /eft hemisphere

Figure 2. Schematic summary of key conclusions.

4.1. Structural Neuroimaging Findings

A detailed review of structural neuroimaging findings on brain asymmetry in BD
reveals substantial heterogeneity in the literature. Overall, no consistent evidence identifies
specific brain regions that show reliable morphological asymmetry in bipolar patients
compared to healthy controls, making generalization difficult.

However, one finding that appears relatively consistent is ventricular enlargement
in BD [30,64,65,73]. Some studies suggest greater enlargement in the left hemisphere, and
the literature reports associations between ventricular enlargement, depressive symptoms,
disease duration, and the number of bipolar episodes [74,93-96]. This observation aligns
with the ‘Valence Hypothesis’, which posits that the left hemisphere primarily processes
positive emotions [8]. Consequently, left hemisphere atrophy or ventricular enlargement
may contribute to depressive symptoms [6]. Nevertheless, findings remain inconsistent, as
Kieseppa et al. did not observe ventricular enlargement in bipolar patients [58].

Another relatively consistent finding across studies is a general reduction in gray
matter volume in BD, observed in regions such as the cingulate cortex, superior temporal
gyrus, parietal lobe, and temporal lobe [28,52,64,75]. The cingulate gyrus plays a central
role in reward processing, conflict monitoring, and empathy; therefore, reduced gray
matter in this area may disrupt emotional processing. The temporal lobes, particularly the
superior temporal gyrus, are crucial for interpreting emotional prosody and social cues.
Right temporal damage can impair emotional perception and nonverbal communication,
whereas left temporal damage may affect emotional expression. The parietal lobe also
contributes to emotional decision-making, organization, and regulation [97]. Reductions
in gray matter within these emotion-related regions may therefore contribute to mood
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dysregulation in BD. However, conflicting findings exist; for instance, Pinto et al. reported
increased gray matter in certain right hemisphere regions, including the premotor cortex,
temporo-occipital cortex, ventral prefrontal cortex, and anterior cingulate cortex [75]. These
alterations may be associated with hyperactivation of the right hemisphere and mood
disturbances [25]. Overall, structural changes in gray matter within emotion-related brain
regions appear to play a significant role in the symptomatology of BD.

Findings from diffusion tensor imaging (DTI) studies, particularly those examining
fractional anisotropy (FA), indicate that individuals with BD show reduced FA in several
brain regions and connections, including the corpus callosum, interhemispheric fibers in
anterior and subcortical areas, and right hemisphere occipito-parietal pathways [55,91].
Reduced FA in the right hemisphere is frequently reported in the literature [98-100], along-
side a general decrease in FA across various brain regions in BD [98,101-104]. Conversely,
increased radial and mean diffusivity in the right hemisphere have also been observed [55],
a finding supported by several studies [102,105-110]. These patterns suggest disrupted
connectivity in the right hemisphere, which may underlie difficulties in processing emo-
tional information. Given that the right hemisphere primarily mediates contextual and
nonverbal communication, impaired intrahemispheric communication could lead to poorer
integration of emotional experiences, potentially contributing to both manic and depressive
episodes in BD [111,112].

White matter volume findings in BD have been highly variable, making it diffi-
cult to identify consistent patterns of increase, decrease, or stability relative to healthy
controls [28,52,58,60,64,70]. While DTT studies indicate altered white matter connectivity,
volumetric studies have not produced equally consistent results. Emerging evidence sug-
gests that dysfunction of the glymphatic system may indicate a novel pathophysiological
mechanism contributing to white matter alterations in psychiatric disorders, including
BD. As observed in neuroimaging studies, impaired clearance of metabolic waste has
been connected with myelin alterations, neuroinflammatory processes, and white matter
disruption, potentially offering a framework of a unifying biological mechanism under-
lying the inconsistent structural and connectivity findings reported across studies [113].
Research on subcortical structures such as the amygdala, thalamus, hypothalamus, and
hippocampus remains limited and inconclusive regarding hemispheric asymmetry in BD.
Nevertheless, these structures likely play important roles in emotional processing. The
hippocampus links emotionally salient experiences to their contextual representations, and
its altered function may contribute to memory and cognitive deficits in BD [24,114,115].
Altered hippocampal structure is also connected to changes in neuroplasticity, as essential
neuroplasticity markers like BDNF have been found to be reduced in BD patients [27].
The thalamus mediates emotional and peripheral sensory information, and functional
alterations may affect mood regulation [116]. Although the thalamus is not exclusively
involved in emotional processing, its disruption could influence emotional responses. The
amygdala evaluates emotional valence, with its central nucleus serving as a key relay to
hypothalamic centers [117-119]. Schindler et al. reported increased hypothalamic volume
in the left hemisphere among individuals with bipolar or other mood disorders, suggesting
that increased left hypothalamic activity could lead to overactivation of the left amygdala
and potentially contribute to manic symptoms in BD [81].

Studies examining the integrity of the cerebral cortex and lobes in BD show consid-
erable heterogeneity, with inconsistent findings regarding the temporal, occipital, and
parietal lobes [64,73,76]. However, there is relatively consistent evidence of structural
abnormalities in the frontal lobe and anterior brain regions, including bilateral volume
reductions and other anomalies [39,48,91]. The frontal cortex plays a crucial role in ex-
ecutive control, behavioral regulation, and higher-order cognitive processes. Structural
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changes and connectivity disruptions within the frontal lobes have been linked to deficits
in emotion regulation, cognitive control, and behavioral inhibition in BD [29,120-126]. Pro-
gressive frontal abnormalities have also been associated with manic symptoms, likely due
to the frontal lobe’s involvement in the brain’s reward system, where damage or functional
disruptions may lead to impulsivity, increased goal-directed behavior, and euphoric mood
characteristic of mania [39,127]. Thus, regardless of hemispheric asymmetry, frontal lobe
alterations appear to play a key role in bipolar symptomatology through their widespread
brain connections.

A key conclusion emerging from the literature, regardless of the specific struc-
tural differences reported, is the consistent presence of atypical brain asymmetry in
BD [43,48,52,55,60,65,75,89]. Despite the heterogeneity and occasional contradictions across
studies, most converge on the observation of atypical hemispheric asymmetry, often charac-
terized by increased rightward asymmetry in individuals with BD [55,75,89]. This atypical
hemispheric organization may disrupt normal interhemispheric communication, thereby
contributing to dysregulation of cognitive and emotional functions [128-130]. Right hemi-
sphere dominance, which has also been reported in conditions such as autism spectrum
disorder [131-133] and schizophrenia [134,135], may lead to increased processing of neg-
ative emotional stimuli and nonverbal communication cues. At the same time, relative
underactivity of the left hemisphere may impair reward processing and goal-directed
planning—features commonly observed in bipolar symptomatology [112,136,137].

Mood states in BD appear to be associated with patterns of brain asymmetry, although
not all studies examined differences between depressive and manic phases. Evidence
suggests that structural brain variations, including increased left hemisphere perfusion [40],
reduced cortical volume [28], frontal lobe reductions [39], ventricular enlargement [65],
and increased hemispheric asymmetry [60], may relate to mania, depression, or mood
fluctuations. These findings support the notion of state-dependent hemispheric lateral-
ization, consistent with classical emotion lateralization theories. Specifically, the Right
Hemisphere [2] and ‘Valence Hypothesis’ [8] theories, Davidson’s Approach-Withdrawal
model [138], and recent reviews [35] suggest that left hemisphere dominance is associated
with approach behavior and manic states, while right hemisphere dominance is more
closely linked to withdrawal behavior and depressive symptoms in BD.

4.2. Functional Neuroimaging Findings

As mentioned in the Section 3, part of the findings concerns functional neuroimaging
studies. Within this broader framework, considerable heterogeneity was observed, limiting
the extent to which the results can be generalized. More specifically, findings regarding
the frontal cortex demonstrate substantial variability. Studies report differences in both the
functions examined and the localizations of frontal and prefrontal brain regions, making
any generalization difficult. Nevertheless, some evidence suggests increased activation of
left frontal brain regions during manic states [44,71].

With respect to the amygdala, findings also demonstrate substantial heterogeneity.
Although hyperactivation of the right amygdala has been reported, the available evidence
is insufficient to support a definitive conclusion [66]. In relation to emotional processing,
a correlation between positive emotion and activation of the left hemisphere has been
reported [82]. Within the theoretical framework outlined in the Introduction, this finding
appears to contradict the “Valence Hypothesis’ [8]. However, the available evidence remains
insufficient for a generalization of this interpretation.

Furthermore, although several studies indicate the presence of an atypical language
network, the evidence does not support a unified conclusion, as studies employ different tasks
and investigate different brain regions. Some studies report reduced or absent lateralization,
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whereas others report no differences compared to non-bipolar individuals [72,79,80,86]. Nev-
ertheless, there appears to be some convergence toward the notion of atypical functioning
within the language network in BD.

A similar pattern is observed in studies examining the auditory cortex. Although
two studies reported no asymmetry in the topographical location of M100 and M200
components, other findings concern diverse functions and regions, making interpretation
difficult [87,88]. Comparable variability is also evident in studies examining cerebral
asymmetry in the temporal cortex, motor cortex and attention networks.

4.3. Functional Findings from Neuropsychological Assessment

Neuropsychological studies investigating functional hemispheric asymmetries in BD
demonstrate greater consistency than morphofunctional imaging findings, suggesting a
relatively stable pattern of cognitive dysfunction in these patients.

Some consistent trends emerge from dichotic listening paradigms. These studies
mainly suggest an abnormal left-ear shift during manic and euthymic states, indicating
right hemisphere hyperactivation. Following recovery, a shift toward the typical left-ear
advantage (LEA), typical of normal asymmetry, is observed [45,46,57,68]. According to
Najt et al., atypical LEA in emotional prosody tasks may represent a neurobehavioral
vulnerability marker of emotional dysregulation, reflecting a functional breakdown in the
right fronto-temporal network in both symptomatic and euthymic BD [68]. LEA imply-
ing atypical right hemisphere hyperactivation was highlighted primarily in BD patients
during manic states, and to a lesser extent in euthymic states. Consequently, reduced
hemispheric laterality, which appears to vary depending on mood state, may significantly
affect performance in auditory laterality tasks. Indeed, BD patients in euthymic, manic, or
depressive states exhibit atypical laterality responses to auditory stimuli [51,78]. Additional
studies suggest that mood states may functionally “bias” hemispheric activity [17,139-141].
Other researchers have emphasized the prominent role of the right hemisphere in both
emotional and cognitive processing [142,143]. Accordingly, affective state-dependent hy-
peractivation of the non-dominant hemisphere, combined with functional regression of
the dominant hemisphere, has been proposed as a possible mechanism underlying manic
episodes, potentially accompanied by impairments in the comprehension of emotional
language cues [144].

Less consistent findings regarding spatial attention in BD come from studies using the
line bisection paradigm. Although some studies report atypical line bisection performance
in BD patients, no systematic pattern of bias has been identified [67,77]. In this regard, part
of the studies examining visuospatial perception in BD patients similarly show heteroge-
neous findings, preventing firm conclusions [69]. Nevertheless, performance in these tasks
may suggest right hemisphere hyperactivation during depressive states and increased left
hemisphere activation during manic states [44,45,50,71].

In addition, studies examining speed and reaction time tasks report relatively slower re-
sponses in BD patients compared to healthy controls [32,42,47,53]. Most authors interpreted this
delay as reflecting dysfunction in functional lateralization and interhemispheric communication.

Moreover, several neuropsychological studies have examined hemispheric asymmetry
in relation to emotional tone and responses to positively valenced stimuli [145]. However,
these findings remain highly variable across both morphofunctional and neuropsychologi-
cal approaches and therefore do not allow firm conclusions. A similar pattern is observed
in studies examining language network lateralization in BD, and those investigating motor
function and the motor cortex [62]. In these domains, findings either support or contradict
existing theories of hemispheric specialization for emotional processing.
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4.4. Limitations

The present systematic review is subject to several limitations that also characterize
the broader literature on cerebral asymmetry in BD. The primary obstacle to integrating
morphofunctional and neuropsychological findings is the high degree of heterogeneity
among studies. A major issue during the process of identifying eligible studies was also
the fact that only a limited number of them were integrating both components of the
present review. Another barrier to generalization is the relatively small sample size in
the majority of studies. At the same time, various studies included participants with
different psychiatric disorders, most commonly schizophrenia and major depressive dis-
order. In some cases, it was unclear whether the reported findings were specific to BD or
shared with other psychopathological conditions. In other instances, comparison groups
(e.g., schizophrenia or depression) were substantially larger than the BD samples. Further-
more, many studies differed in their diagnostic approaches to BD. In some cases, samples
were stratified according to BD subtype (I vs. II), while in others this distinction was not
made. Similarly, although mood states (manic, depressive, euthymic) are highly relevant
to the disorder, studies varied considerably in whether and how these states were consid-
ered. Finally, individual differences, which may influence the course and expression of the
disorder, were rarely taken into account. Taken together, the aforementioned limitations
currently prevent a comprehensive integration of findings regarding cerebral asymmetry
in BD.

5. Conclusions

In summary, the existing literature on structural and functional cerebral asymmetry in
BD is characterized by substantial heterogeneity. The initial hypotheses are only partially
supported, as the majority of the studies report evidence suggesting atypical cerebral
asymmetry in BD patients. Likewise, a significant proportion of studies also supports the
notion of relative hyperactivation of the left hemisphere during manic states and of the right
hemisphere during depressive states. However, consistent agreement across studies has not
yet been achieved, and the generalization of findings remains limited due to contradictory
evidence. As a result, future research on cerebral asymmetry in BD is essential in order
to address the significant gaps in the current literature and to clarify the neurobiological
mechanisms underlying the disorder. In this context, it is suggested that future studies
should incorporate more systematic methodological stratification, particularly with respect
to mood state, bipolar disorder subtype, duration of illness, as well as medication status,
as these factors may critically influence observed asymmetry patterns. Taking such group
differences into consideration might reduce heterogeneity and enhance the comparability
of findings. Future investigations may also benefit from stronger theoretical guidance,
particularly from established models of emotional hemispheric asymmetry, in order to
better integrate neurobiological data with theoretical frameworks.
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