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A B S T R A C T

The neurobiological mechanisms differentiating bipolar disorder type I (BD-I) from type II (BD-II) remain poorly 
understood. A comprehensive synthesis systematically comparing neuroimaging findings between BD subtypes is 
lacking. We conducted a systematic review (PubMed, Scopus, up to March 2024), including structural MRI, 
functional MRI, and diffusion tensor imaging studies, to provide a comprehensive overview of the common and 
distinct candidate neural signatures that differentiate BD subtypes. Out of the initial 5334 references, 38 MRI 
studies (41 experiments) were included. Structural MRI studies showed mixed results regarding volumetric and 
cortical surface differences between BD subtypes. BD-I exhibited widespread gray matter (GM) volume re
ductions, larger lateral ventricles, and decreases in cortical thickness. Hippocampal and cerebellar volume re
ductions were observed in both BD subtypes but did not differentiate BD-I from BD-II. While white matter (WM) 
abnormalities across BD subtypes remain heterogeneous and lack consistent replication, BD-I showed a tendency 
toward more disrupted WM microstructure and higher WM hyperintensities rates than BD-II. Functional MRI 
studies revealed distinct differences in task-based and resting-state activity, suggesting differential neural pat
terns in reward processing and emotion regulation. BD-I displayed a greater disconnection in emotion regulation 
circuits. While both BD-I and BD-II share some neuroimaging characteristics, the findings suggest BD-I is char
acterized by more pronounced WM disruptions and emotion dysregulation. In contrast, BD-II shows more 
remarkable subcortical volume preservation but with distinct connectivity alterations. These results offer insights 
into the different and shared neurobiological mechanisms of BD subtypes, which may help refine their patho
physiology and inform tailored interventions.
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1. Introduction

Bipolar disorder (BD) is a severe chronic mental illness characterized 
by recurrent episodes of changes in mood, irritability, energy levels, 
behavior, and emotional dysregulation (Vieta et al., 2018; Miola et al., 
2022a; De Prisco et al., 2023; Oliva et al., 2024). BD type I (BD-I) and BD 
type II (BD-II) represent the two main subtypes (APA, 2022). BD-I is 
defined by the occurrence of at least one manic episode, which often 
manifests as elevated mood, irritability, grandiosity, and increased en
ergy. In contrast, BD-II is characterized by recurrent depressive and 
hypomanic episodes, which are less severe than full-blown manic epi
sodes (APA, 2022). Differences between BD-I and BD-II are not limited to 
the severity of (hypo)manic syndromes, as the BD types differ substan
tially in several descriptive and clinical measures, and the clinical 
manifestations of BD-II tend to remain diagnostically stable over many 
years (Hernandorena et al., 2023). Depressive episodes are more 
prominent and long-lasting in people with BD-II compared to those with 
BD-I (Tondo et al., 2022). Furthermore, people with BD-II usually pre
sent a higher socio-economic status and better cognition and functioning 
in daily life than those diagnosed as BD-I, despite often greater long-term 
morbidity as a proportion of time ill (Tondo et al., 2022; Bora, 2025). 
Indeed, the course of BD-II is typically characterized by depressive 
onset, early depressive episodes, and depressive predominant polarity, 
with higher rates of rapid cycling course of illness (Brancati et al., 2023; 
Miola et al., 2023a, 2023b).

Debates persist regarding the optimal approach to interpret the 
heterogeneous clinical manifestations within the broad concept of BD. 
Some authors favor a dichotomous model of hypomanic and manic 
syndromes (Parker et al., 2016, 2020; Vieta, 2019; Tondo et al., 2022), 
while others raise concerns about the validity of the BD-I vs. BD-II di
chotomy based on the uncertain distinction of hypomania vs. mania and 
lack of clear boundaries between the two conditions (Malhi et al., 2019; 
Gitlin and Malhi, 2020).

Neurobiological alterations in BD-I vs BD-II. Since the disease expres
sion of BD follows a multifactorial model, with a strong environmental 
component and the involvement of both rare and common genetic 
variants (Almeida et al., 2020), a few studies investigated the genetics of 
the BD spectrum. The polygenic risk load for BD and schizophrenia 
(SCZ) appears greater in BD-I than in BD-II, which is more strongly 
genetically correlated with major depressive disorder (MDD), suggesting 
a different genetic structure of BD subtypes (Charney et al., 2017; 
O’Connell et al., 2025). Although the genetic basis of BD-I and BD-II is 
not entirely clarified, there is growing evidence of genetic heterogeneity 
between the BD subtypes (Richards et al., 2022). Nonetheless, the pre
cise neurobiological mechanisms that differentiate BD-I from BD-II 
remain a subject of ongoing research.

Neuroimaging measures. Neuroimaging has emerged as a valuable tool 
for investigating the neural substrates of psychiatric disorders. Voxel- 
based morphometry (VBM) and surface-based morphometry (SBM) are 
the methods commonly used to calculate indices of cortical morphology, 
mainly using T1-weighted magnetic resonance imaging (MRI) (Goto 
et al., 2022). While VBM is used primarily to estimate gray matter (GM) 
volume, including that of the cortex, SBM metrics encompass a range of 
quantitative measures that capture the morphological properties of the 
brain’s cortical surface. These measures include cortical thickness (the 
distance between the pial surface and the gray-white matter boundary), 
the cortical surface area (the total area of the surface encompassing a 
brain region), sulcal depth (the mean distance from the cortical surface 
of adjoining gyri to the deepest point in the sulcus) and gyrification (the 
ratio of the total to outer cortical contour allows to estimate the degree 
of cortical folding) (Zilles et al., 1988; Libero et al., 2014; Jin et al., 
2018).

Additionally, diffusion tensor imaging (DTI) is another neuro
imaging technique commonly used to study the microstructural orga
nization of white matter (WM) in the brain. Several DTI-based metrics, 
such as fractional anisotropy (FA), mean diffusivity (MD), axial 

diffusivity (AD), and radial diffusivity (RD), offer insights into WM 
integrity by measuring the diffusion of water molecules within the WM 
tracts (Alexander et al., 2007; Benedetti et al., 2011). Functional mag
netic resonance imaging (fMRI) is a non-invasive technique for studying 
the functioning human brain. fMRI utilizes blood oxygen level- 
dependent (BOLD) sensitivity methods and allows the study of the 
function of the brain at rest (rs-fMRI) or during the performance of a 
specific task (Kotoula et al., 2023). rs-fMRI can measure intrinsic activity 
and connectivity patterns of the brain. Among whole-brain approaches, 
seed-based functional connectivity analysis, independent component 
analysis (ICA), and graph theory-based network analysis are commonly 
used to study large-scale brain networks and their interactions. Mean
while, regional approaches, including the amplitude of low-frequency 
fluctuations (ALFF), the dynamic fractional amplitude of low- 
frequency fluctuations (d-fALFF), and regional homogeneity (ReHo) 
analysis, focus on local neural dynamics and synchronization within 
specific brain regions (Zou et al., 2008; Smitha et al., 2017). Task-based 
fMRI enables the assessment of brain activation and connectivity by 
measuring changes in blood flow and oxygen levels associated with 
neuronal activity. This technique helps identify brain regions activated 
in response to a specific task, providing insights into brain segregation. 
On the other hand, by evaluating functional connectivity, task-based 
fMRI offers a comprehensive understanding of how neural networks 
are integrated to support complex processes (Gerchen and Kirsch, 2017; 
Al-Arfaj et al., 2023).

Neuroimaging changes in BD. Previous literature suggests alterations 
in structural and functional neuroimaging in BD compared with healthy 
controls (HC). A previous multimodal meta-analysis showed that people 
with BD present similar aberrant brain activity and structure patterns in 
regions encompassing the insula extending to the temporal cortex, 
frontal-striatal-thalamic, and default-mode network (Chen et al., 2022). 
Moreover, large-scale studies by the worldwide ENIGMA consortium 
revealed cortical abnormalities, with individuals with BD presenting a 
thinner cortex in both hemispheres’ frontal, temporal, and parietal re
gions (Hibar et al., 2018). Other studies found differences in subcortical 
regional volumes, with people with BD showing a reduced volume in the 
hippocampus and thalamus and wider lateral ventricles (Hibar et al., 
2016). A recent systematic review of 14 MRI studies supports an altered 
and heterogeneous brain gyrification pattern in individuals with BD, 
spanning large anatomical and functional neural networks associated 
with processing and affective regulation difficulties, altered cognitive 
functioning, and clinical symptoms (Miola et al., 2022b). Moreover, DTI 
studies revealed a decreased mean FA in people with BD compared to 
HC; this difference was more evident in the corpus callosum and 
cingulum and underscored an altered WM integrity and connectivity in 
BD (Favre et al., 2019). Another recent systematic review and meta- 
analysis found that BD patients have a higher burden of WM hyper
intensities (WMHs) than HC [46.5 % vs 28 %, respectively (pooled Odds 
Ratio 2.89, 95 % CI 1.76; 4.75)], mostly involving frontal and fronto- 
parietal regions (Silva et al., 2024).

Interestingly, functional neuroimaging studies reported abnormal 
brain activity in BD in resting-state and task-based MRI. Studies on 
resting-state functional connectivity (FC) showed a large-scale network 
dysfunction in the acute phase compared to the remitted state of BD, 
with BD patients presenting decreased connectivity within the affective 
network and the default-mode network during mood episodes (Wang 
et al., 2020). Task-based functional neuroimaging studies found altered 
activity in the left amygdala during emotional experiments and in the 
left superior and right inferior parietal lobules, with increased activity in 
the left medial orbitofrontal cortex during cognitive tasks (Schumer 
et al., 2023). Lastly, a recent meta-analysis showed hyperactivation in 
the ventromedial prefrontal cortex and subgenual anterior cingulate 
cortex during working memory and increased activity in the orbito
frontal cortex during reward processing in BD compared to HC (Mesbah 
et al., 2023).

In recent years, neuroimaging studies have played an important role 
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in unraveling the neural correlates of BD subtypes, offering insights into 
the potential structural, functional, and connectivity differences that 
contribute to their clinical presentations. However, there has been no 
comprehensive synthesis of the existing neuroimaging literature that 
systematically compares BD-I and BD-II.

This systematic review aims to bridge this gap by systematically 
examining the neuroimaging studies that have investigated the differ
ences between BD-I and BD-II. By synthesizing findings from diverse 
neuroimaging approaches, including structural, functional, and diffu
sion tensor imaging, we aimed to provide a comprehensive overview of 
the common and candidate neural signatures that differentiate these two 
BD subtypes.

2. Methods

2.1. Protocol and search strategy

This systematic review followed a pre-defined protocol available 
online (https://osf.io/dsx57). It adhered to the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 
statement (Page et al., 2021) to ensure a high reporting standard. A 
comprehensive literature search was conducted to identify peer- 
reviewed articles investigating neuroimaging differences between BD-I 
and BD-II. The search was performed across two databases (PubMed 
and Scopus) without any language restriction, from inception to March 
21, 2024, using the following search strategy: “(Bipolar disorder OR BD 
OR bipolar disorder type I OR bipolar disorder type II OR BD-I OR BD-II) 
AND (sMRI OR structural magnetic resonance imaging OR VBM OR 
voxel-based morphometry OR SBM OR surface-based morphometry OR 
cortical thickness OR gyrification OR GI OR sulcal depth OR fractal 
dimension OR FD OR DTI OR diffusion tensor imaging OR white matter 
abnormalities OR tract-based spatial statistics OR TBSS OR white matter 
hyperintensities OR WMH OR functional MRI OR fMRI OR functional 
neuroimaging).” We also manually searched the reference lists of iden
tified studies.

2.2. Eligibility criteria and study selection

Studies were considered eligible for inclusion if they met the 
following criteria: (1) included adult participants diagnosed with BD 
according to standardized diagnostic criteria, including the Diagnostic 
and Statistical Manual of Mental Disorders (DSM) or the International 
Classification of Diseases (ICD), (2) provided data for the comparison of 
neuroimaging measures to identify shared and/or distinct differences 
between BD-subtypes (BD-I vs. BD-II), (3) utilized structural MRI, fMRI, 
and DTI techniques. Commentaries, case reports, editorials, letters to the 
editors, and reviews were excluded.

2.3. Data extraction and synthesis

Authors independently conducted the initial screening of titles and 
abstracts to identify potentially relevant studies (M.S., M.L.L., N.G.). Full 
texts of selected articles were then retrieved and assessed for eligibility 
based on the inclusion criteria. Any discrepancies in study selection 
were resolved through discussion with another author (A.M.) until 
consensus was reached.

Data extraction was performed using a predefined standardized 
spreadsheet, including study characteristics (e.g., authors, publication 
year, study design), participant demographics (e.g., sample size, age, sex 
distribution), diagnostic criteria, details of the neuroimaging technique 
(s) utilized (e.g., structural MRI, fMRI, DTI), and neuroimaging findings 
(e.g., structural differences, FC patterns) related to shared and/or 
distinct differences between BD-I and BD-II groups.

2.4. Quality assessment

The methodological quality and risk of bias of included studies were 
assessed independently by the researchers (M.L.L., N.G., A.M., N.M.) 
with the Imaging Methodology Quality Assessment Checklist (adapted 
from Strakowski et al., 2000) on the following parameters: subjects, 
imaging acquisition and analysis, results, and conclusions. Any persist
ing disagreements on the quality assessment of the included studies were 
resolved through discussion and consensus.

2.5. Data synthesis and analysis

Due to the expected heterogeneity of methodologies and findings, a 
narrative synthesis approach was chosen for this systematic review. 
Extracted data were summarized and categorized according to different 
neuroimaging modalities (e.g., structural MRI, fMRI, and DTI), high
lighting the reported differences between BD-I and BD-II. Emerging 
themes and patterns from the included studies were discussed to offer 
insights into the shared neurobiological underpinnings and differences 
between the two BD subtypes. The spatial distribution of the MRI study 
findings of structural, functional imaging, and WM tracts was displayed 
in the whole brain with the ggplot package in R.

3. Results

A total of 5334 studies were identified from PubMed and Scopus 
databases. After duplicate removal, 3907 abstracts were selected, of 
which 48 articles were retrieved for full-text assessment. Twelve studies 
were excluded after full-text evaluations, and the reasons for exclusion 
are reported in Fig. 1. A total of 36 studies, plus two additional reports 
found in the reference lists of screened reports, were included (Table 1). 
Overall, this review included 38 MRI studies and 41 experiments. Of 
these, five were fMRI studies (three rs-fMRI studies and two task-based 
fMRI investigations, one of which was a multimodal study that included 
FA analysis). At the same time, the remaining 33 were structural MRI 
studies. Among the structural MRI investigations, nine assessed WM 
microstructural abnormalities, three explored WMHs, and the others 
conducted voxel-based or surface-based analyses of GM alterations. 
Participant eligibility criteria, including medical and psychiatric 
comorbidities and medication status, are detailed in Supplementary 
material (Section 1, eTable 3).

Most studies (n = 14) were conducted in Western Europe, nine in 
Southeast Asia, eight in the United States, two in Australia, and one in 
Japan; four were international multisite studies. The characteristics of 
the included studies and their neuroimaging findings are summarized in 
Tables 1, 2, and 3.

Structural and functional MRI findings are summarized in Fig. 2, and 
WM tract findings are shown in Fig. 3, respectively.

3.1. Quality assessment

Table 1 reports the quality assessment of the included studies. The 
overall quality score of the included studies averaged 9.16 (SD = 0.95, 
range 7–10).

3.2. Structural MRI

3.2.1. Whole brain

3.2.1.1. Voxel-based morphometry. Six studies adopted a whole-brain 
VBM approach to explore structural differences in BD subtypes (Ha 
et al., 2009; Caseras et al., 2013; Maller et al., 2014, 2015; Miola et al., 
2022c; Thiel et al., 2024) (Table 2). Comparing patients with BD-I and 
HC, Miola et al., 2022c found a GM volume decrease in clusters scattered 
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bilaterally in the superior, middle, and inferior temporal gyri, in the 
right middle and inferior occipital gyrus, right insula, left inferior pa
rietal lobule, and culmen, with no significant differences between BD-I 
and BD-II nor between BD-II and HC (Miola et al., 2022c). When 
considering the differences between patients with BD-I and BD-II, 
Caseras et al. (2013) found that patients with BD-II had significantly 
greater left putamen volume than patients with BD-I and that the volume 
of this structure correlated positively with increased left ventral striatal 
response during reward anticipation tasks (Caseras et al., 2013). On the 
other hand, Ha et al. (2009) found that patients with BD-I and BD-II 
exhibited GM deficits in the ventromedial prefrontal regions compared 
to HC, with BD-I also displaying widespread GM volume reductions 
bilaterally in the frontal, temporal, parietal, and parahippocampal 
cortices when compared with HC. However, the GM volume reductions 
encompassing frontal, temporal, and posterior cingulate regions found 
in BD-I versus BD-II did not survive multiple comparison corrections. 
Interestingly, age of onset negatively correlated with the GM concen
trations in the bilateral medial orbitofrontal gyrus of patients with BD-II, 
whereas age of onset, illness duration, and depressive symptoms did not 
correlate with any regional volume in patients with BD-I (Ha et al., 
2009). Maller and colleagues in 2014 and then in 2015 focused on dif
ferences between patient groups in GM and WM. Maller et al. (2014)
reported that patients with BD-I had reduced global cortical volume as 
well as CT in the right medial orbitofrontal cortex, and a reduction in CT 
also in the left superior temporal gyrus (Maller et al., 2014). Later, 
Maller et al. (2015), comparing BD-I to BD-II, revealed no volumetric 
differences in the whole sample but only in women with an increased 
ratio of total brain volume (TBV) to intracranial volume (ICV) in BD-I 
compared to BD-II. In this sample, BD showed a decreased total GM 
volume but no significant differences in total brain volume, WM volume, 

or the ratio of TBV to ICV (Maller et al., 2015). Lastly, Thiel et al. (2024)
found no differences in BD patients. However, uncorrected exploratory 
analyses suggested a BDI < BD-II < HC pattern in GMVs in parietal, 
frontal, occipital, and parahippocampal/fusiform areas (Thiel et al., 
2024).

3.2.1.2. Surface-based morphometry. A general decrease in CT was 
found in six studies that compared BD with HC (Table 2). Thinner 
cortical regions were more frequent in patients with BD-I than BD-II, 
sometimes with a decrease in the surface area that suggested altered 
brain gyrification (Lyoo et al., 2006; Abé et al., 2016, 2022; Hibar et al., 
2018; Woo et al., 2021; McWhinney et al., 2022). Only one study 
explored local gyrification in BD-I and BD-II and found no significant 
differences between the BD subtypes (Choi et al., 2022).

In 2006, Lyoo and colleagues described significant decreases in CT in 
multiple cortical areas, including the left cingulate cortex, left middle 
frontal cortex, left middle occipital cortex, right medial frontal cortex, 
right angular cortex, right fusiform cortex, and bilateral postcentral 
cortices in patients with BD when compared with HC. However, there 
were no significant differences in CT for any ROIs between subjects with 
BD-I (n = 18) and with BD-II (n = 7) (Lyoo et al., 2006).

Abé et al. (2016) found that patients with BD-I had significantly 
lower CT than those with BD-II in the right temporal lobe, with lower CT 
in a large cluster of medial frontal regions that did not survive correction 
for multiple comparisons. When comparing BD-I to HC, the first 
exhibited reduced CT in the left and right frontal and temporal regions, 
insula, pre- and postcentral regions, and medial occipital lobe with vi
sual areas. Those with BD-II had lower CT than HC in the left and right 
frontal and temporal regions and the medial occipital regions, involving 
smaller clusters than those observed in the comparison between patients 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number across all databases/registers).
**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools.

Source: Page MJ, et al. BMJ 2021;372:n71. doi: 10.1136/bmj.n71.

This work is licensed under CC BY 4.0. To view a copy of this license, visit https://creativecommons.org/licenses/by/4.0/ 
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Fig. 1. PRISMA Flow diagram of the selection of the included studies.
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Table 1 
Demographic and study characteristics of the included studies.

First author, 
study year

Diagnostic 
criteria

Diagnosis Population 
setting

Clinical scales at 
baseline [mean ±
SD or median 
(minimum- 
maximum)]

Mood state Illness 
duration 
(years)

BD-I 
N (% F) 
[age mean 
± SD, 
years]

BD-II 
N (% F) 
[age 
mean ±
SD, 
years]

HC 
Cohort, N 
(% F) 
[age 
mean ±
SD, 
years]

Quality 
score

Altshuler 
et al., 1995

SADS, Research 
Diagnostic 
Criteria (at the 
time of DSM-IV)

BD-I 
BD-II

Inpatients, 
outpatients

NA Euthymia 14.2 ± 8.7 
18.9 ± 7.7

29 (45) 
[41.6 ±
11.6]

26 (50) 
[40 ±
10]

20 (45) 
[35.2 ±
9.9]

8

Hauser et al., 
2000

SADS-LA, 
Research 
Diagnostic 
Criteria 
(at the time of 
DMV-IV)

BD-I 
BD-II

Inpatients, 
outpatients

NA Euthymia 18.2 ±
11.8 
21.1 ± 9.1

25 (52) 
[41.8 ±
10.5]

22 (64) 
[39.4 ±
10.2]

19 (48) 
[33.2 ±
7.1]

8.5

Brambilla 
et al., 2001

DSM-IV BD 
BD-I 
BD-II

Outpatients NA Euthymia, 
depression, 
hypomania

16 ± 9.15 17 5 22 (36.4) 
[38 ± 10]

7

Brambilla 
et al., 2003

DSM-IV BD 
BD-I 
BD-II

Outpatients HRDS 11.0 ±
12.1 
BRMS 1.1 ± 1.9

Euthymia, 
depression, 
hypomania

NA 18 (38.9) 
[34 ± 9]

6 (33.3) 
[38 ±
12]

36 (38.8) 
[37 ± 10]

7.5

Lyoo et al., 
2006

DSM-IV BD-I 
BD-II

Outpatients HDRS 16.9 ± 8.8 
YMRS 10.4 ± 7.8

NA 16.5 ±
11.5

18 7 21 (76.2) 
[31.5 ±
9.7]

7.5

Ha et al., 2009 DSM-IV BD-I 
BD-II

Outpatients HAMD 8.8 ± 6.81 
(BD-I) 
HAMD 13.1 ±
8.31 (BD-II)

Euthymia, 
depression

10.4 ±
8.85 
10.5 ±
7.39

23 (65.2) 
[35.6 ±
11.14]

23 
(65.2) 
[35.2 ±
9.98]

23 (65.2) 
[36 ±
9.41]

10

Liu et al., 2010 DSM-IV-TR BD-I 
BD-II

Outpatients YMRS 0.9 ± 1.6 
(BD-I) 
YMRS 2.0 ± 2.7 
(BD-II) 
HAMD 6.7 ± 5.8 
(BD-I) 
HAMD 9.5 ± 6.6 
(BD-II) 
MADRS 5.6 ± 5.7 
(BD-I) 
MADRS 11.5 ±
9.0 (BD-II) 
HARS 5.1 ± 4.7 
(BD-I) 
HARS 10.6 ± 7.9 
(BD-II)

Euthymia 7.3 ± 5.7 
9.4 ± 7.4

14 (50) 
[35.6 ±
10.9]

13 
(84.6) 
[35.1 ±
9.8]

21 (61.9) 
[38.3 ±
11.9]

10

Ha et al., 2011 DSM-IV BD-I 
BD-II

Outpatients HAMD 5.5 ± 6.90 
(BD-I) 
HAMD 4.2 ± 4.43 
(BD-II) 
YMRS 1.4 ± 1.51 
(BD-I) 
YMRS 1.3 ± 1.53 
(BD-II)

Euthymia, 
depression

13.3 ±
9.63 
13.3 ±
6.28

12 (75) 
[37.3 ±
10.59]

12 
(83.3) 
[35.6 ±
7.56]

22 (77.3) 
[34.7 ±
7.12]

10

Gutiérrez- 
Galve et al., 
2012

DSM-IV BD-I 
BD-II

Inpatients, 
outpatients

BDI 9.7 ± 6.7 
(BD-I) 
BDI 12.8 ± 13.0 
(BD-II)

Euthymia, 
depression

13.4 ± 9.0 
14.9 ± 9.4

25 (60) 
[37.4 ±
10]

11 
(72.7) 
[42.8 ±
7.1]

NA 9.5

Tighe et al., 
2012

Research 
Diagnostic 
Criteria (RDC), 
DSM-III-R, 
DSM-IV

BD-I no 
psychosis 
BD-I with 
psychosis 
BD-II

Outpatients NA NA NA BD-I no 
psychosis 
7 (71.4) 
[31.43 ±
2.39] 
BD-I with 
psychosis 
26 (61.5) 
[34.69 ±
1.64]

12 
(41.7) 
[33.75 
± 2.35]

31 (54.8) 
[32.97 ±
1.22]

7

Caseras et al., 
2013

DSM-IV BD-I 
BD-II

Outpatients HDRS 3.88 ±
3.87 (BD-I) 
HDRS 2.67 ±
2.94 (BD-II) 
YMRS 3.17 ±
2.32 (BD-I) 

Euthymia NA 17 (64) 
[42.82 ±
7.31]

15 (60) 
[40.53 
± 8.09]

20 (65) 
[42.3 ±
5.99]

9

(continued on next page)
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Table 1 (continued )

First author, 
study year 

Diagnostic 
criteria 

Diagnosis Population 
setting 

Clinical scales at 
baseline [mean ±
SD or median 
(minimum- 
maximum)] 

Mood state Illness 
duration 
(years) 

BD-I 
N (% F) 
[age mean 
± SD, 
years] 

BD-II 
N (% F) 
[age 
mean ±
SD, 
years] 

HC 
Cohort, N 
(% F) 
[age 
mean ±
SD, 
years] 

Quality 
score

YMRS 1.80 ±
2.80 (BD-II)

Maller et al., 
2014

DSM IV BD-I 
BD-II

Outpatients HAMD 23.13 ±
4.24 (BD-I) 
HAMD 25.14 ±
4.26 (BD-II)

Depression NA 16 (75) 
[39.05 ±
8.35]

15 
(53.3) 
[47.07 
± 9.13]

31 (54.8) 
[39.58 ±
10.75]

10

Caseras et al., 
2015

DSM IV BD-I 
BD-II

Outpatients HAMD 3.44 ±
3.52 (BD-I) 
HAMD 2.67 ±
2.94 (BD-II) 
YMRS 3.13 ±
2.39 (BD-I) 
YMRS 1.80 ±
2.80 (BD-II)

Euthymia NA 16 (62) 
[42.56 ±
7.47]

19 (68) 
[38.74 
± 8.07]

20 (65) 
[42.3 ±
5.99]

9.5

Maller et al., 
2015

DSM-IV BD-I 
BD-II

Outpatients HAMD 23.29 ±
4.15 (BD-I) 
HAMD 24.83 ±
4.02 (BD-II)

Depression NA 17 (70.5) 
[43.12 ±
11.15]

18 (50) 
[48.17 
± 8.64]

36 (52.8) 
[42.89 ±
12.6]

10

Abé et al., 
2016

DSM IV BD-I 
BD-II

Outpatients CGI-S 4.48 ± 1.42 
(BD-I) 
CGI-S 3.83 ± 1.17 
(BD-II)

Euthymia 18 ± 10 
21 ± 14

81 (56) 
[40 ± 12]

59 (73) 
[40 ±
13]

85 (52) 
[39 ± 15]

8

Ambrosi et al., 
2016

DSM IV-TR BD-I 
BD-II

Outpatients HAMD 9.2 ± 8.3 
(BD-I) 
HAMD 14.5 ± 7.4 
(BD-II) 
YMRS 3.2 ± 2.2 
(BD-I) 
YMRS 3.5 ± 2.8 
(BD-II)

Euthymia, 
depression

20.3 ±
10.7 
23.9 ±
11.7

25 (48) 
[48.6 ±
11.4]

25 (48) 
[48.4 ±
12.7]

50 (48) 
[48.3 ±
12]

10

Cao et al., 
2017

DSM-IV BD-I 
BD-II 
MDD

Outpatients HAMD 12.7 ± 7.9 
YMRS 6.3 ± 6.8

Euthymia, 
depression, mania, 
hypomania, mixed 
episode

NA NA NA 152 
(63.2) 
[35.4 ±
12.43]

9

Squarcina 
et al., 2017

DSM IV BD-I 
BD-II 
SCZ

Outpatients BPRS 33.0 ± 8.3 
HDRS 11.5 ±
11.8 BRMRS 3.1 
± 4.4

Depression 20.8 ±
10.5 
20.8 ±
10.5 
20.8 ±
12.6

18 15 35 (45) 
[39 ±
12.6]

9

Foley et al., 
2018

DSM-IV BD-I 
BD-II

outpatients HDRS 3.50 ± 3.1 
(BD-I) 
HDRS 3.85 ± 3.7 
(BD-II) 
YMRS 2.72 ± 2.4 
(BD-I) 
YMRS 2.65 ± 3.0 
(BD-II)

Euthymia NA 32 (68) 
[45.0 ±
6.2]

34 (56) 
[42.8 ±
7.0]

40 (60) 
[43.5 ±
4.9]

9.5

Hibar et al., 
2018

DSM-IV, DSM- 
IV-TR

BD-I 
BD-II

Inpatients, 
outpatients

NA Euthymia, 
depression, mania, 
hypomania, mixed 
episode

NA NA NA 4056 9.5

Janiri et al., 
2019

DSM-IV-TR BD-I CT 
BD-I nCT 
BD-II CT 
BD-II nCT

Outpatients HAMD 8.81 ±
5.13 (BD-I CT) 
HAMD 6.17 ±
5.34 (BD-I nCT) 
HAMD 9.88 ±
5.46 (BD-II CT) 
HAMD 8.82 ±
6.67 (BD-II nCT) 
HAMA 11.00 ±
5.77 (BD-I CT) 
HAMA 5.96 ±
5.06 (BD-I nCT) 
HAMA 11.68 ±
6.72 (BD-II CT) 
HAMA 8.87 ±
5.46 (BD-II nCT) 
YMRS 7.00 ±
5.39 (BD-I CT) 

Euthymia, 
depression

15.44 ±
11.52 
17.03 ±
12.39 
16.48 ±
10.81 
15.08 ±
9.76

BD-I CT 
27 (62.97) 
[43.18 ±
11.32] 
BD-I nCT 
29 (24.14) 
[44.9 ±
13.93]

BD-II CT 
25 (68) 
[43.85 
± 12.43] 
BD-II 
nCT 
23 
(47.83) 
[44.18 
± 11.22]

HC CT 
20 (50) 
[45.8 ±
12.12] 
HC nCT 
61 
(63.94) 
[44.63 ±
15.67]

10

(continued on next page)
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Table 1 (continued )

First author, 
study year 

Diagnostic 
criteria 

Diagnosis Population 
setting 

Clinical scales at 
baseline [mean ±
SD or median 
(minimum- 
maximum)] 

Mood state Illness 
duration 
(years) 

BD-I 
N (% F) 
[age mean 
± SD, 
years] 

BD-II 
N (% F) 
[age 
mean ±
SD, 
years] 

HC 
Cohort, N 
(% F) 
[age 
mean ±
SD, 
years] 

Quality 
score

YMRS 7.06 ±
8.31 (BD-I nCT) 
YMRS 3.76 ±
3.28 (BD-II CT) 
YMRS 4.26 ±
2.88 (BD-II nCT)

Kim et al., 
2020

DSM-IV-TR BD-I 
BD-II

Outpatients HDRS 6.94 ±
5.00 
YMRS 1.28 ±
2.02

Euthymia, 
depression

4.37 ±
6.13

36 (53.33) 
[33.73 ±
11.32]

54 166 
(57.83) 
[33.2 ±
12.47]

9

Kieseppä 
et al., 2022

DSM-IV BD-I 
BD-II

Outpatients BDI 9.0 (3–34) 
(BD-I) 
BDI 16.5 (0− 30) 
(BD-II) 
HRSD 4.5 (1–19) 
(BD-I) 
HRSD 13.0 
(0− 21) (BD-II) 
YMRS 0 (0–2) 
(BD-I) 
YMRS 0 (0–1) 
(BD-II)

Euthymia, 
depression

21.9 ±
12.9 
18.4 ± 4.9

8 (37.5) 
[46.2 ±
11.5]

8 (50) 
[45.5 ±
4.8]

19 (57.9) 
[49.6 ±
11.3]

9.5

Woo et al., 
2021

DSM IV BD-I 
BD-II

Outpatients HDRS 4.77 ±
4.07 (BD-I) 
HDRS 8.36 ±
5.48 (BD-II) 
YMRS 1.97 ±
2.46 (BD-I) 
YMRS 0.75 ±
1.24 (BD-II) 
HAS 5.87 ± 4.06 
(BD-I) 
HAS 7.80 ± 6.36 
(BD-II)

Euthymia, 
depression

97.8 ±
95.1 
50.1 ±
72.6 
(months)

30 (70) 
[38.03 ±
11.46]

44 (66) 
[32.41 
± 9.80]

100 (63) 
[35.09 ±
11.58]

10

Yang et al., 
2021

DSM IV-TR BD 
MDD

Outpatients HAMD 21.82 ±
4.48 
YMRS 2.46 ±
3.17 
HAMA 17.70 ±
7.04

Depression 73.5 ±
57.3 
(months)

31 59 162 
(58.64) 
[27.77 ±
5.21]

8.5

Abé et al., 
2022

DSM-IV, DSM- 
IV-TR

BD 
BD-I 
BD-II 
NOS

Inpatients, 
outpatients

NA Euthymia, 
depression, 
mania/mixed

NA 202 at TP1 
199 at TP2

99 at 
TP1 
97 at 
TP2

925 (58) 
[40 ± 17 
at time 
point 1]

9.5

Choi et al., 
2022

DSM-IV-TR BD 
BD-I 
BD-II

Outpatients HDRS 6.28 ±
4.74 
YMRS 1.36 ±
2.18

Euthymia, 
depression

49.80 ±
66.67

30 31 183 (57) 
[33.49 ±
13.28]

8.5

Haukvik et al., 
2022

DSM-IV or ICD- 
10

BD-I 
BD-II

Inpatients, 
outpatients

PANSS positive 
9.1 ± 3.1 PANSS 
negative 9.4 ±
3.3 
PANSS positive 
9.0 ± 3.2 (BD-I) 
PANSS negative 
9.2 ± 3.4 (BD-I)

NA NA 1079 
(58.1) 
[38.3 ±
11.9]

353 3226 
(55.6) 
[33.3 ±
11.2]

8

Liu et al., 2022 DSM-V BD-I 
BD-II

Inpatients, 
outpatients

HAMD 17.13 ±
7.73 (BD-I) 
HAMD 15.72 ±
6.48 (BD-II) 
YMRS 1.29 ±
1.64 (BD-I) 
YMRS 1.16 ±
1.82 (BD-II) 
HAMA 14.55 ±
8.77 (BD-I) 
HAMA 13.38 ±
7.34 (BD-II)

Depression NA 31 (77.4) 
[25.90 ±
8.91]

32 
(56.2) 
[23.91 
± 5.63]

79 (53.2) 
[27.18 ±
6.97]

10

(continued on next page)
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Table 1 (continued )

First author, 
study year 

Diagnostic 
criteria 

Diagnosis Population 
setting 

Clinical scales at 
baseline [mean ±
SD or median 
(minimum- 
maximum)] 

Mood state Illness 
duration 
(years) 

BD-I 
N (% F) 
[age mean 
± SD, 
years] 

BD-II 
N (% F) 
[age 
mean ±
SD, 
years] 

HC 
Cohort, N 
(% F) 
[age 
mean ±
SD, 
years] 

Quality 
score

McWhinney 
et al., 2022

Scid for DSM IV BD-I 
BD-II 
BD NOS

Inpatients, 
outpatients

NA Euthymia, 
depression, mania, 
hypomania, mixed

NA 572 234 1600 (57) 
[35.47 ±
12.63]

8

Miola et al., 
2022c

DSM V BD-I 
BD-II

Outpatients HAMD 3.9 ± 8.99 
(BD-I) 
HAMD 1.63 ±
2.22 (BD-II) 
YMRS 4.57 ±
11.2 (BD-I) 
YMRS 1.04 ±
2.40 (BD-II) 
HAMA 3.9 ± 8.01 
(BD-I) 
HAMA 1.38 ±
1.88 (BD-II) 
MADRS 5.0 ±
11.8 (BD-I) 
MADRS 2.08 ±
4.17 (BD-II) 
PANSS 2.95 ±
8.36 (BD-I) 
PANSS 0 (BD-II)

Euthymia, 
depression, 
hypomania

17.8 ±
11.4 
12.8 ±
10.5

24 (25) 
[43.2 ±
13.7]

30 
(36.67) 
[39.5 ±
12.4]

45 
(44.45) 
[41.5 ±
13.1]

10

Olivito et al., 
2022a

DSM-V BD-I 
BD-II

Inpatients, 
outpatients

HDRS 1.00 ±
1.41 (BD-I) 
HDRS 2.62 ±
3.23 (BD-II) 
YMRS 1.29 ±
3.06 (BD-I) 
YMRS 1.77 ±
2.74 (BD-II)

Euthymia 13 ± 6.4 
14 ± 14

17 (47.1) 
[38.6 ±
13.4]

13 
(53.2) 
[41.2 ±
14.3]

40 (65) 
[41.1 ±
12.3]

10

Olivito et al., 
2022b

DSM-V BD-I 
BD-II

Inpatients, 
outpatients

HDRS 1.00 ±
1.41 (BD-I) 
HDRS 2.62 ±
3.23 (BD-II) 
YMRS 1.29 ±
3.06 (BD-I) 
YMRS 1.77 ±
2.74 (BD-II)

Euthymia 13 ± 6.4 
14 ± 14

17 (47.05) 
[38.64 ±
13.48]

13 
(53.84) 
[41.42 
± 14.38]

37 
(59.46) 
[45.65 ±
14.15]

10

Wei et al., 
2022

DSM-V BD-I 
BD-II

Outpatients HDRS 3.71 ±
5.44 (BD-I) 
HDRS 5.00 ±
4.93 (BD-II) 
YMRS 2.00 ±
3.80 (BD-I) 
YMRS 1.18 ±
1.78 (BD-II)

Different mood 
states (60.7 % of 
BD-I and 63.9 % of 
BD-II were 
euthymic)

NA 28 (57) 
[38.04 ±
13.49]

36 (61) 
[35.47 
± 12.05]

66 (58) 
[32.36 ±
9.85]

10

Canales- 
Rodríguez 
et al., 2023*

DSM-IV BD-I 
BD-II

NA NA Euthymia 18.8 ± 9.5 107 (60) 
[44.4 ±
9.1]

31 (71) 
[46.8 ±
7.7]

158 
(60.13) 
[44.1 ±
9.1]

9

Matsumoto 
et al., 2023

DSM-IV, DSM- 
IV-TR, DSM-V

BD-I 
BD-II

Inpatients, 
outpatients

NA NA 13.0 ±
10.8

BD 237 NA 3068 10

Mørch- 
Johnsen 
et al., 2023

DSM-IV BD-I 
BD-II

Outpatients YMRS 2 ± 4 
IDS-C 15 ± 16 
PANSS 43 ± 11

36.4 % euthymic 10.3 ±
10.8

183 125 826 
(45.9) 
[33.8 ±
14.2]

9.5

Thiel et al., 
2024

DSM-IV-TR BD-I 
BD-II

Outpatients HDRS 6.82 ±
6.52 (BD-I) 
HDRS 8.30 ±
6.48 (BD-II) 
YMRS 3.61 ±
5.58 (BD-I) 
YMRS 3.87 ±
5.51 (BD-II)

Euthymia, 
depression, (hypo) 
mania or mixed 
episode

17.75 ±
11.19 
16.3 ± 8.8

73 (57.5) 
[41.77 ±
11.51]

63 
(52.4) 
[40.48 
± 12.56]

136 
(56.6) 
[42.46 ±
12.92]

10

Legend. BD-I, bipolar disorder type I; BD-II, bipolar disorder type II; HC, healthy controls; SD, standard deviation; NA, not available; DSM, Diagnostic and Statistical 
Manual of Mental Disorders; SADS, Schedule for Affective Disorders and Schizophrenia; SADS-LA, Schedule for Affective Disorders and Schizophrenia-Lifetime 
Version; MDD, major depressive disorder; SCZ, schizophrenia; BDI, Beck’s Depression Inventory; BRMS, Bech–Rafaelsen Mania Scale; BPRS, Brief Psychiatric Rat
ing Scale; CGI-S, Clinical Global Impression; CT, childhood trauma; HRDS, Hamilton Depression Rating Scales; HAMD, 17-item Hamilton Depression Rating Scale; 
HARS, Hamilton Anxiety Rating Scale; HAS, Hamilton Anxiety Rating Scale; IDS-C, Inventory of Depressive Symptoms - Clinician Rated; PANSS, Positive and Negative 
Syndrome Scale; YMRS, Young Mania Rating Scale; TP1, time point 1 (baseline); TP2, time point 2 (follow-up).

* From a total of BD-I (n = 101) and BD-II (n = 37), patient characteristics are provided for the subset of patients (n = 138) without missing data.
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with BD-I and HC (Abé et al., 2016).
Interestingly, a multicenter longitudinal MRI study conducted by the 

ENIGMA BD Working Group identified thickness differences in limbic 
areas between the BD-I and BD-II groups, particularly in the right par
ahippocampal gyri, with patients with BD-I showing a decline in right 
parahippocampal thickness. In contrast, those with BD-II displayed 
thickness increases in the same region (Abé et al., 2022). Of note, a 
decreased surface area affecting the right insula was described by Woo 
et al. (2021) in patients with BD-II compared to those with BD-I. 
Moreover, patients with BD-I showed thinner cortical regions than 
those with BD-II and HC in the pars triangularis, left pars opercularis, 
and right pars orbitalis of the inferior frontal gyrus and the right orbital 
gyrus. However, the left pars orbitalis showed significant cortical thin
ning in BD-II but not in BD-I (Woo et al., 2021). McWhinney et al. (2022)
demonstrated that people in the low-thickness cluster with a thinner 
cortex, especially in the frontal and temporal lobes, were more likely to 
have the diagnosis of BD-I than BD-II. Conversely, differences in surface 
area did not differ between BD subtypes (McWhinney et al., 2022). 
Lastly, Hibar et al. (2018) and Matsumoto et al. (2023) found no sig
nificant differences in CT or surface area between patients with BD-I or 
BD-II. Notably, the authors evidenced an association between the 
duration of illness and CT, which may also interact with medication 
status (Hibar et al., 2018).

3.2.2. Region of interest (ROI)-based
Frontal and temporal lobes. Regarding the differences in frontal and 

temporal structures between BD-I and BD-II, one MRI investigation 
explored GM volume differences in 22 frontal and temporal ROIs (Yang 
et al., 2021), two studies investigated volumetric differences in regions 
belonging to the frontal lobes (Gutiérrez-Galve et al., 2012; Yang et al., 
2021), one study limited its analysis to the temporal lobes (Brambilla 
et al., 2003), and another investigated the temporal lobes and hippo
campus (Hauser et al., 2000). Yang et al. (2021) found no significant 
volumetric difference between BD-I and BD-II. However, when patient 
groups were compared to HC, BD-I showed lower GM volumes in the left 
inferior temporal gyrus, left temporal pole, and bilateral rostral middle 
frontal gyrus. In contrast, BD-II exhibited lower GM volumes in the left 
temporal pole (Yang et al., 2021). Gutiérrez-Galve et al. (2012) studied 
the cortical thickness (CT), surface area, and volume of six frontal and 
six temporal ROIs. They found no significant difference between BD-I 
and BD-II in total brain volume, in frontal or temporal CT or surface 
area, or in the strength of the association between premorbid IQ, 
memory, and executive functions, and frontal cortical measures 
(Gutiérrez-Galve et al., 2012). Brambilla et al. (2003), investigating a 
variety of temporal structures, showed that the left amygdala was 
significantly larger in patients with BD than in HC, with no significant 
differences between small samples of BD-I (n = 18) and BD-II (n = 6). 
The hippocampus, superior temporal gyri, and temporal lobe volume 
also showed no significant differences between BD and HC, nor between 
BD-I and BD-II (Brambilla et al., 2003). Conversely, Hauser and col
leagues found that BD-I had significantly larger lateral ventricle area and 
the lateral ventricle to cerebrum area ratio in the left hemisphere than 
those with BD-II or HC, with such measures being approximately twice 
as large in the BD-I group as in the other groups (Hauser et al., 2000).

Hippocampus. Some studies (Cao et al., 2017; Janiri et al., 2019; 
Haukvik et al., 2022) specifically investigated hippocampal volume 
differences between BD subtypes. Janiri et al. (2019) performed a VBM 
study on hippocampal subfields (CA1, CA2/3, CA4/dentate gyrus, pre
subiculum, and subiculum) for both hemispheres, showing no signifi
cant differences between BD-I and BD-II. However, compared to HC, 
both BD-I and BD-II presented lower volumes in all hippocampal sub
fields (Janiri et al., 2019). Similarly, Haukvik et al. (2022) found no 
significant differences in the whole hippocampus volume or its subfields 

between BD-I and BD-II. Also, when compared to HC, BD-II showed no 
difference in whole hippocampus volume. In contrast, BD-I presented 
lower whole hippocampal volumes, which sustained across most sub
fields, including the hippocampal tail, subiculum, presubiculum, CA1, 
CA2/3, CA4, molecular layer, granule cell layer of the dentate gyrus, and 
the hippocampal amygdala transition area (Haukvik et al., 2022). 
Consistent with the previous findings, Cao et al. (2017) identified lower 
hippocampal volumes in BD compared to HC, and further post hoc t-tests 
within BD subtypes revealed that this difference was driven mainly by 
BD-I, with no significant difference in hippocampal subfield volumes in 
BD-II compared to HC (Cao et al., 2017).

Basal ganglia and thalamic nuclei. Brambilla et al. (2001) performed 
an MRI study of the basal ganglia in patients with BD. They found that 
caudate, putamen, and total globus pallidus volumes, after correction 
for ICV, were not significantly different between BD and HC (Brambilla 
et al., 2001). In addition, Mørch-Johnsen et al. (2023), investigating 
thalamic nuclei volumes, found that BD had significantly smaller vol
umes in the mediodorsal medial magnocellular, lateral geniculate, 
medial geniculate, and pulvinar anterior compared to HC (Mørch- 
Johnsen et al., 2023). Interestingly, BD-I showed significantly smaller 
volumes of mediodorsal lateral parvocellular, mediodorsal medial 
magnocellular, and pulvinar anterior compared with BD-II (Mørch- 
Johnsen et al., 2023).

Cerebellum. Two studies (Kim et al., 2020; Olivito et al., 2022a) 
investigated morphological features of the cerebellum in BD. Olivito 
et al. (2022a) found a significant cerebellar GM reduction in both BD-I 
and BD-II when compared to HC, with a more diffuse involvement in 
BD-II than BD-I, and with both patient groups showing a pattern of 
cerebellar GM reduction in the right lobule I-IV, V, Crus I, and Crus II, 
and the left Crus II and vermis Crus II (Olivito et al., 2022a). Similarly, 
Kim et al. (2020) found a reduced cerebellar volume in BD compared to 
HC, which was limited to the left lobule IX. Furthermore, the same au
thors found a significant increase in the CT of all cerebellar subregions in 
the BD group compared to HC, with the comparison between BD-I and 
BD-II showing no significant differences in cerebellar CT or subregional 
volumes (Kim et al., 2020).

3.3. White matter

3.3.1. Diffusion indexes and tractography
Studies examining WM abnormalities in individuals with BD yielded 

mixed results (Table 2). Ambrosi et al. (2016) observed increased FA in 
the right inferior longitudinal fasciculus in BD-I compared to BD-II, 
while Ha et al. (2011) reported the opposite direction (Ha et al., 2011; 
Ambrosi et al., 2016). Liu et al. (2010) found increased FA values in BD-I 
in the right precuneus, right inferior frontal gyrus, and left inferior 
prefrontal area compared to BD-II (Liu et al., 2010). Maller et al. (2014)
observed increased MD in several brain regions, including the brain 
stem, internal capsule, middle temporal gyrus, putamen, and thalamic 
radiation, showing higher values in BD-I than BD-II. Additionally, RD 
was increased in patients with BD-I compared to BD-II in the insular area 
(Maller et al., 2014). The same study of occipital lobe asymmetry in 
patients with BD found an increased prevalence of occipital bending in 
BD-I and BD-II than in HC (Maller et al., 2015).

Ha et al. (2011) also studied mean apparent diffusion coefficient 
(ADC) maps, revealing lower ADC values in specific regions in BD-I 
compared to BD-II in the left frontal, right parietal, temporal regions, 
and right thalamus (Ha et al., 2011).

Two other studies (Squarcina et al., 2017; Kieseppä et al., 2022) 
included a comparison group with a different psychiatric diagnosis and 
patients with BD. Squarcina et al. (2017) found that both BD and SCZ 
showed decreased FA and increased MD, volume ratio (VR), AD, and RD 
when compared to HC, with overlapping affected areas in both BD and 
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Table 2 
Summary of neuroimaging findings from the included studies comparing BD-I and BD-II.

First author, 
study year

Study design Country Field 
strength 
(Tesla)

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)]

Whole brain/ROI Main findings

Altshuler 
et al., 
1995

Cross-sectional USA 0.5 Neuroradiologist 
(double blind 
reading)

NA sMRI 
[hyperintensities 
of GM and WM]

Whole brain BD-I vs BD-II: 62 % of 
the BD-I had signal 
hyperintensities in the 
periventricular 
regions, compared to 
38 % of the BD-II. 
BD-I vs HC: 30 % of 
the HC had signal 
hyperintensities in the 
periventricular 
regions. 
The tendency for BD 
patients to have 
periventricular 
hyperintensities 
appeared only after 
age 30.

Hauser et al., 
2000

Cross-sectional USA 0.5 DAGE 65; 
- Camera to 
computer than 
rendering HR 
with PVM 
- Manual volume 
extraction by 
blind to diagnosis

NA-MRI atlas sMRI 
[volume, area, 
ratio]

ROI 
(temporal lobes 
and hyppocampus)

BD-I vs BD-II, BD-I vs 
HC: 
↑ left temporal lobe 
volume, ↑ left lateral 
ventricular size, ↑ LV/ 
C area ratio in the left 
hemisphere. 
In the right temporal 
lobe, the measures of 
left and right inferior 
horns of the lateral 
ventricles and the 
third ventricle were 
not significantly 
different among 
diagnostic groups.

Brambilla 
et al., 
2001

Cross-sectional USA 1.5 Scion Image Beta- 
3b

Traced manually by 
standard brain atlas

sMRI 
[volume]

ROI 
(basal ganglia)

BD vs HC: no 
significant differences 
for any of the basal 
ganglia measures. 
BD-I vs BD-II: illness 
duration inversely 
correlated with basal 
ganglia volumes more 
for BD-I than BD-II.

Brambilla 
et al., 
2003

Cross-sectional USA 1.5 Scion Image Beta- 
3b

Traced manually by 
standard brain atlas

sMRI 
[volume]

ROI (temporal 
structures)

BD vs HC: the left 
amygdala was 
significantly larger in 
BD than HC. 
BD-I vs BD-II: no 
significant differences 
were found for any 
anatomical measures 
between BD-I and BD- 
II.

Lyoo et al., 
2006

Cross-sectional USA 1.5 FreeSurfer Desikan-Killiany 
atlas

sMRI 
[CT]

Whole brain and 
ROI

BD vs HC: ↓ CT in the 
frontal, cingulate and 
middle-occipital 
cortices. 
BD-I vs BD-II: no 
significant differences 
in CT for any ROI. 
BD-I vs HC: similar to 
BD vs HC. 
BD-II vs HC: similar 
to BD vs HC.

Ha et al., 
2009

Cross-sectional Korea 1.5 SPM2 Talairach sMRI 
[VBM]

Whole brain BD-I vs BD-II: ↓ GM 
volume in the frontal, 
temporal, and 
posterior cingulate 
regions in BD I 
compared with BD-II 
did not survive FDR 
correction. 
BD-II vs HC: ↓ GM in 

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

the bilateral 
ventromedial 
prefrontal regions and 
right superior frontal 
gyrus. 
BD-I vs HC: ↓ GM in 
same regions as BD II 
and in the bilateral 
frontal, temporal, 
parietal, and 
parahippocampal 
regions.

Liu et al., 
2010

Cross-sectional Taiwan 1.5 FMRIB, BIRT MNI DTI 
[FA]

Whole brain BD-I vs BD-II: ↑ FA in 
the right precuneus, 
right inferior frontal 
gyrus, and left inferior 
prefrontal area. 
BD-I and BD-II vs HC: 
↓FA in the right 
thalamus and right 
subgenual anterior 
cingulate cortex. 
BD-I vs HC: ↓FA in the 
right thalamus, right 
subgenual anterior 
cingulate cortex, right 
inferior frontal area, 
and left rostral 
anterior cingulate 
cortex. 
BD-II vs HC: ↓FA in 
the bilateral 
subgenual anterior 
cingulate, right 
inferior frontal, left 
middle temporal, and 
left inferior temporal 
areas.

Ha et al., 
2011

Cross-sectional Korea 1.5 FMRIB, SPM8 MNI DTI 
[FA, ADC]

Whole brain BD-I vs BD-II: ↓ FA in 
the inferior 
longitudinal 
fasciculus. 
↓ADC in the left 
frontal, right parietal, 
temporal regions and 
in the right thalamus. 
BD-I vs HC: ↓ FA in 
the corpus callosum, 
left cingulum, 
superior longitudinal 
fasciculus, inferior 
fronto-occipital 
fasciculus and 
uncinate fasciculus, 
inferior longitudinal 
fasciculus and in the 
left parietal 
associations fibers 
region. 
↑ ADC in the bilateral 
frontal, anterior 
cingulate, insular and 
in the temporal 
regions. 
BD-II vs HC: ↓ FA in 
the right anterior and 
posterior cingulum, 
body and splenium of 
corpus callosum, and 
in the right medial 
prefrontal white 
matter. 
↑ ADC in the bilateral 
frontal, anterior 

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

cingulate, insular and 
in the temporal 
regions in both BD-I 
and BD-II compared 
with HC.

Gutiérrez- 
Galve 
et al., 
2012

Cross-sectional UK 1.5 FreeSurfer 4.3.0 Desikan template sMRI 
[volume, CT, SA]

ROI 
(6 frontal and 6 
temporal 
parcellations)

BD-I vs BD-II: no 
significant differences 
in total brain volume, 
frontal or temporal 
CT.

Tighe et al., 
2012

Cross-sectional USA 1.5 Locally developed 
imaging software

NA sMRI 
[WMH volume]

Whole brain BD-I vs BD-II, BD-I vs 
HC, BD-II vs HC: 
Absence of an overall 
significant difference 
in total WMH volume 
by group. The mean 
total volume of WMH 
in BD-I with psychotic 
features was 
significantly higher 
compared with HC.

Caseras 
et al., 
2013

Cross-sectional USA 3 FMRIB, 
FreeSurfer

MNI fMRI 
[task fMRI]

Whole brain and 
ROI 
(ventral striatum)

BD-I vs BD-II: 
↓bilateral ventral 
striatal activity for 
reward anticipation; 
↑right ventral striatal 
activity for positive 
outcome. 
- whole brain analysis: 
↓ in the left 
ventrolateral 
prefrontal cortex, 
insula, precentral 
gyrus, and middle and 
superior temporal 
cortex during reward 
anticipation; no 
difference in 
activation to positive 
outcome. 
- striatal GM volume: 
↓left putamen 
volume. 
BD-I vs HC: no 
significant difference 
for reward 
anticipation or 
positive outcome; 
- Whole brain 
analysis: no difference 
in activation for 
reward anticipation 
or positive outcome. 
BD-II vs HC: ↑ 
bilateral ventral 
striatal activity for 
reward anticipation; 
- Whole brain 
analysis: ↑ in the left 
ventrolateral 
prefrontal cortex, 
insula, precentral 
gyrus, middle and 
superior temporal 
cortex, caudate nuclei 
bilaterally, and the 
left dorsolateral 
prefrontal cortex 
during reward 
anticipation; no 
difference in 
activation to positive 
outcome; 

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

- Striatal GM volume: 
↑ left putamen volume

Maller et al., 
2014

Cross-sectional Australia 1.5 FreeSurfer, Qdec, 
FMRIB, TBSS

MRI Atlas of Human 
White Matter

sMRI 
[CT, volume] 
DTI 
[FA, L1, MD, RD]

Whole brain BD-I vs BD-II: 
↓cortical volume in 
the right medial 
orbitofrontal region; ↓ 
CT in the right medial 
orbitofrontal region 
and left superior 
temporal gyrus. No 
significant subcortical 
volumetric 
differences. 
MD: ↓ strong trends in 
the brain stem, 
internal capsule, 
middle temporal 
gyrus, putamen, 
anterior thalamic 
radiation, ILF/FOF, 
SLF, superior corona 
radiata, and right 
anterior thalamic 
radiation; 
RD: ↓ strong trend in 
the left posterior limb 
of the internal 
capsule, pallidum, 
SLF, superior corona 
radiata, and ILF/FOF 
in the region of the 
insula. 
BD vs HC: significant 
differences in terms of 
GM, WM; TBV/ICV 
was ↓ in BD. 
BD-I vs HC: similar to 
BD vs HC. No 
significant differences 
in FA. 
BD-II vs HC: similar 
to BD vs HC, although 
TBV/ICV did not 
differ. FA differences 
in widespread regions 
including the corpus 
callosum, internal 
capsules, SLFs, ILF/ 
FOFs; RD differences 
included the 
cingulate, the anterior 
thalamic radiations 
and brain stem.

Caseras 
et al., 
2015

Cross-sectional UK 3 FMRIB, 
ExploreDTI

MNI fMRI 
[task fMRI] 
DTI 
[FA]

Whole brain and 
ROI (DLPFC, 
amygdala, and 
accumbens)

BD-I vs BD-II: ↑ BOLD 
within the working 
memory network for 
2-back + no- 
distracters >0-back +
no-distracters. 
With fear distracter: ↓ 
activity in the DLPFC 
and amygdala. 
DTI: ↓ FA in the right 
uncinate fasciculus; ↑ 
RD. 
BD-I vs HC: ↑ BOLD 
within the working 
memory network for 
2-back + no- 
distracters >0-back +
no-distracters. 
DTI: ↓ FA in the right 
uncinate fasciculus; ↑ 
RD. 

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

BD vs HC: DTI: no 
significant group 
differences in FA in 
the comparison tract 
or in the left uncinate 
fasciculus; 
ROI analyses 
comparing BOLD 
responses for each 
distracter showed 
modulation of the 
amygdala activity 
dependent on patient 
group and type of 
distracter. 
Functional 
connectivity analysis 
(PPI): BD-II vs BD-I 
and vs HC ↑ negative 
correlation between 
the DLPFC and 
amygdala, bilaterally, 
during the presence of 
fear distracters.

Maller et al., 
2015

Cross-sectional Australia 1.5 FreeSurfer MNI305 template sMRI 
[OB, volume]

Whole brain BD-I vs BD-II: ↑ratio 
of TBV to ICV among 
females with BD-I 
when compared with 
females with BD-II. 
BD vs HC: ↓ mean 
total GM volume; ↓ 
right and left 
hippocampal 
volumes, in particular 
the right hippocampal 
volumes for males.

Abé et al., 
2016

Cross-sectional Sweden 1.5 FreeSurfer 5.1 Desikan–Killiany 
atlas

sMRI 
[VBM, CT, SA]

Whole brain BD-I vs BD-II: ↓CT in 
the right temporal 
lobe. 
BD-I vs HC: ↓CT in the 
left and right frontal 
and temporal regions, 
insula, pre- and 
postcentral regions 
and medial occipital 
lobe (including visual 
areas). 
BD-II vs HC: ↓CT in 
the left and right 
frontal and temporal 
regions and in medial 
occipital regions.

Ambrosi 
et al., 
2016

Cross-sectional Italy 3 FSL 4.1 MNI DTI 
[FA, AD, RD]

Whole brain BD-I vs BD-II: FA: ↑ in 
the right inferior 
longitudinal 
fasciculus (ILF); 
AD: no significant 
differences; 
RD: no significant 
differences; 
BD-I vs HC: AD: ↓ in 
wide clusters 
bilaterally distributed 
over the cerebellum, 
right corticospinal 
tract (from the 
brainstem to the 
parietal lobe), left ILF 
and left internal 
capsule; 
RD: ↓ in the left 
internal capsule, the 
left ILF, in the fronto- 
parietal lobe and 

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

bilaterally in the 
cerebellum. 
BD-II vs HC: FA: ↓ in 
the left fornix and left 
parietal lobe 
AD: similar to BD-I; 
RD: ↓ in the left 
internal capsule.

Cao et al., 
2017

Cross-sectional USA 1.5 FreeSurfer 5.3 NA sMRI 
[volume]

ROI 
(hyppocampus)

BD-I vs BD-II: ↓ 
volume relatively 
more severe in BD-I 
than BD-II, which 
spread across all the 
subfields of the 
hippocampus. 
Significant negative 
correlations between 
the number of manic 
episodes and both 
sides of CA3, CA4 and 
hippocampal tail, 
while no significant 
correlation between 
the number of 
hypomanic, mixed 
and depressive and 
hippocampal subfield 
volumes in BD-I. A 
positive correlation 
between the left 
hippocampal tail 
volume and the 
number of hypomanic 
episodes in BD-II. 
BD vs HC: ↓ 
hippocampal subfield 
volumes in BD 
majorly driven by BD- 
I, although BD-II 
showed non- 
significant decrease of 
the hippocampal 
subfield volumes.

Squarcina 
et al., 
2017

Cross-sectional Italy 1.5 FSL JHU ICBM-DTI-81 
tract atlas

DTI 
[MD, VR, RD, AD, 
FA, MO]

Whole brain BD-I vs BD-II: no 
differences in 
diffusion indexes. 
BD vs HC: FA, MD, 
VR, AD and RD 
showed significant 
changes, in particular 
in the corpus 
callosum, external 
and internal capsule, 
corona radiata, and 
longitudinal 
fasciculus. 
BD vs SCZ: no 
differences in 
diffusion indexes.

Foley et al., 
2018

Cross-sectional UK 3 ExploreDTI 
version 4.8.3

MNI DTI 
[FA]

ROI 
(Uncinate 
fasciculus, 
cingulum body, 
and 
parahippocampal 
cingulum)

BD-I vs BD-II: ↓FA in 
left and right uncinate 
fasciculus. 
BD-I vs HC: ↓FA in 
left and right uncinate 
fasciculus. 
BD-II vs HC: no 
significant 
differences. 
BD-I siblings vs HC: 
↓FA in left uncinate 
fasciculus. 
BD-I/BD-II vs 
siblings: no 
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

significant 
differences.

Hibar et al., 
2018

Cross-sectional Multicentric 1,5/3 FreeSurfer Desikan–Killiany 
atlas

sMRI 
[CT, SA]

Whole, parameter 
for 70 cortical 
ROIs: 68 regions 
and two whole 
hemisphere

BD-I vs BD-II: no 
significant differences 
in CT or surface area 
ROIs. 
BD vs HC: significant 
and widespread 
pattern of reduced CT, 
with the largest 
effects in the left pars 
opercularis, left 
fusiform gyrus and 
left rostral middle 
frontal cortex.

Janiri et al., 
2019

Cross-sectional 
(and 
longitudinal 
for 
supplemental 
analysis)

Italy 3 FreeSurfer 5.3 Talairach sMRI 
[VBM]

ROI 
(hippocampal 
subfields)

BD-I vs BD-II: no 
significant differences 
in hippocampal 
subfield volumes. 
BD-I vs HC: ↓ all 
hippocampal subfield 
volumes. 
BD-II vs HC: ↓ all 
hippocampal subfield 
volumes.

Kim et al., 
2020

Cross-sectional Korea 3 CERES, ANTs MNI152 template sMRI, 
[CT, volume]

ROI 
(Cerebellum)

BD-I vs BD-II: no 
significant difference 
in the cerebellar 
subregional CT and 
volumes. 
BD vs HC: ↑ CT in all 
cerebellar subregions 
except for the left 
lobule IV; 
no significant 
difference in the total 
cerebellar volume and 
in all cerebellar 
subregional volumes 
except for the left 
lobules VIIIA, IX, and 
right lobule IX.

Kieseppä 
et al., 
2022

Longitudinal Finland 1,5 at t1, 
5 at t1

FMRIB MNI 152 DTI 
[WMH, FA]

Whole brain BD-I vs BD-II: 
occurrence of 
periventricular WMHs 
(PVHs) at follow-up. 
[In the BD-I group, on 
follow-up MRI the 
most typical 
localization of the 
DWMHs was the right 
frontal lobe, 20/53), 
in the BD-II group 
both the right frontal 
(13/57) and left 
frontal (14/57) 
lobes.] Only BPII 
patients showed 
WMHs in basal nuclei. 
BD-I vs HC: 
occurrence of 
periventricular WMHs 
(PVHs) at follow-up. 
↓FA [reaching 
anteriorly the left 
superior frontal gyrus 
WM (forceps minor) 
and posteriorly the 
left superior parietal 
lobule WM (forceps 
major)], ↑MD [in the 
same areas and also in 
the left posterior 
corona radiata, left 
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

cingulum, and left 
precuneus] and ↑RD 
values [in the same 
areas as increased MD 
and also in the left 
occipital gyri] in the 
corpus callosum. 
BD-II vs HC: no 
significant difference 
in FA, MD, or RD 
values.

Woo et al., 
2021

Cross-sectional Korea 3 FreeSurfer 5.3 Talairach sMRI 
[SA, CT]

Whole brain BD-I vs BD-II: ↑ SA in 
the right long insula; 
No significant 
differences in CT. 
BD vs HC: widespread 
cortical thinning in 
the bilateral frontal, 
temporal, and 
occipital regions; 
cingulate gyrus; and 
insula. 
Some areas of the 
VLPFC and the OFC 
showed significant 
cortical thinning only 
in BD-I compared 
with HCs; the left pars 
orbitalis showed 
significant cortical 
thinning in BD-II but 
not in BD-I compared 
with HCs. 
↓ SA with the largest 
differences in the left 
long insula, right 
straight gyrus, left 
pars orbitalis, right 
anterior cingulate 
gyrus, right posterior 
mid-cingulate gyrus, 
right lateral superior 
temporal gyrus, right 
subcentral gyrus, 
right cuneus, right 
superior frontal gyrus, 
and right lingual 
gyrus. 
↑ SA in the right pars 
triangularis, right 
ventral posterior 
cingulate, right 
middle frontal gyrus, 
and right anterior 
temporal gyrus.

Yang et al., 
2021

Cross-sectional China 3 FreeSurfer 6.0 Desikan-Killiany 
atlas

sMRI 
[volume]

ROI (22 regions 
from temporal and 
frontal lobes)

BD-I vs BD-II: no 
significant 
differences. 
BD-I vs HC: ↓ GM 
volume in the left 
inferior temporal 
gyrus, left temporal 
pole and bilateral 
RMFG. 
BD-II vs HC: ↓ GM 
volume in the left 
temporal pole. 
BD vs HC: ↓ GM 
volume in the 
bilateral RMFG, left 
temporal pole and 
rSTG.

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

Abé et al., 
2022

Longitudinal Multicentric 
ENIGMA 14 
sites

1.5, 3 FreeSurfer Desikan-Killiany 
atlas

sMRI 
[volume, CT, SA]

Whole brain BD-I vs BD-II: BD-I 
showed a decline in 
right 
parahippocampal CT, 
whereas BD-II showed 
CT increase in the 
same region. 
BD vs HC: ↑cortical 
thickness change rates 
in the bilateral 
fusiform, left medial 
orbitofrontal, 
bilateral 
parahippocampal, 
right inferior 
temporal, and right 
isthmus cingulate 
cortex; ↓change rates 
in caudate and ↑ 
change rates in 
ventricle volumes. 
Faster increases over 
time in thickness 
change rates in 
ventricular volume, 
right fusiform, and 
right 
parahippocampal 
remained significant 
after correcting for 
multiple comparisons. 
No significant 
differences in SA 
change rates.

Choi et al., 
2022

Cross-sectional Korea 3 FreeSurfer 5.3 Desikan–Killiany 
atlas

sMRI 
[LGI]

Whole brain BD-I vs BD-II: no 
significant 
differences. 
BD-I vs HC: ↓ LGI in 
the precentral gyrus 
and transverse 
temporal cortex. 
BD-II vs HC: ↓ LGI in 
the transverse 
temporal cortex and 
insular cortex.

Haukvik 
et al., 
2022

Cross sectional Multicentric 1.5, 3 FreeSurfer 6.0.0 Desikan–Killiany 
atlas

sMRI 
[VBM]

ROI 
(hippocampus and 
subregions)

BD-I vs BD-II: no 
significant volumetric 
differences. 
BD-I vs HC: ↓ whole 
hippocampus volume, 
present across most 
subfields. 
BD-II vs HC: no 
significant difference 
in whole 
hippocampus volume.

Liu et al., 
2022

Cross-sectional China 3 SPSS v 26.0 MNI fMRI 
[functional- 
dynamic ALFF]

Whole brain BD-I vs BD-II: ↓ 
dALFF values in the 
rSTG and MTG. 
BD I and BD II vs HC: 
↓ dALFF values in the 
superior, middle and 
inferior frontal gyrus, 
superior, middle and 
inferior temporal 
gyrus, cuneus, 
precuneus, cingulum, 
insula, occipital lobe 
regions, inferior 
parietal gyrus, pre- 
central and 
postcentral gyri, and 
the medial part of the 
temporal lobe 
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

(including the 
hippocampus). 
BD-I vs HC: ↓ dALFF 
values in the right 
supramarginal gyrus 
and postcentral gyrus.

McWhinney 
et al., 
2022

Cross-sectional Multicentric 
ENIGMA 14 
sites

1.5, 3 FreeSurfer Desikan-Killiany 
atlas

sMRI 
[CT, SA]

Whole brain BD-I vs BD-II: people 
in the low-thickness 
cluster had thinner 
cortex, especially in 
the frontal and 
temporal lobes, and 
were more likely to 
have the diagnosis of 
BD-I than BD-II. SA 
cluster were no 
related to BD 
subtypes. 
BD vs HC: people in 
the low-thickness 
cluster were more 
likely to have the 
diagnosis of BD. SA 
cluster were no 
related to BD 
diagnosis.

Miola et al., 
2022c

Cross-sectional Italy 3 SPM (CAT12) MNI sMRI 
[VBM, SBM]

Whole brain BD-I vs BD-II: no 
significant 
differences. 
BD-I vs HC: ↓ GMV in 
seven clusters located 
bilaterally in the 
superior, middle, and 
inferior temporal gyri, 
in the right middle 
and inferior occipital 
gyrus, right insula, 
left inferior parietal 
lobule, and culmen. 
BD-II vs HC: no 
significant 
differences.

Olivito et al., 
2022a

Cross-sectional Italy 3 FMRIB, SPM, 
SUIT

Probabilistic 
cerebellar atlas 
(SUIT)

sMRI 
[VBM]

ROI 
(cerebellum)

BD-I and BD-II vs HC: 
a pattern of 
overlapping ↓ 
cerebellar GM 
involving the right 
lobule I-IV, V, Crus I 
and Crus II and the 
left Crus II and vermis 
Crus II. 
BD-I vs HC: ↓ GM 
density both at the 
level of the anterior 
and posterior 
cerebellar portions 
with main 
involvement of the 
right hemisphere with 
a single large cluster 
of ↓ GM with peak 
voxels in the right 
lobule V. 
BD-II vs HC: diffuse ↓ 
cerebellar GM at both 
the left and right 
hemispheres, 
involving the right 
lobule I-IV, V, VI, crus 
I, crus II, IX and VIIIb, 
the left VI, crus I, crus 
II, VIIb and IX, and the 
vermis crus II.

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

Olivito et al., 
2022b

Cross-sectional Italy 3 SPM8 MNI fMRI 
[FC]

ROI 
(cerebellar dentate 
nucleus)

BD-I vs BD-II: no 
significant differences 
in cerebellar-cerebral 
FC. 
BD-II vs HC: ↑FC 
between the left 
dentate nucleus and 
the right 
parahippocampal 
gyrus and right lateral 
occipital cortex. 
Similarly, ↑FC 
between the right 
dentate nucleus and 
the left posterior 
cingulate gyrus, the 
right pulvinar, and 
the right angular 
gyrus. 
BD-I vs HC: ↑FC 
between the left 
dentate nucleus and 
the left temporal 
fusiform cortex, right 
hippocampus, and left 
posterior cingulate 
gyrus and ↓ FC with 
the right temporal 
pole. ↑FC between the 
right dentate nucleus 
and the left posterior 
cingulate gyrus and ↓ 
FC with right 
temporal fusiform 
cortex.

Wei et al., 
2022

Cross-sectional Taiwan 3 SPM12 MNI fMRI 
[FC]

ROI 
(caudate)

BD-I vs BD-II: ↓FC 
between the DC and 
the OFC. 
BD-II vs HC: ↓FC 
between the DC and 
the OFC, 
vlPFC, dorsolateral 
prefrontal cortex, 
posterior parietal 
cortex, inferior 
temporal gyrus, 
parahippocampal 
gyrus, supplementary 
motor area, thalamus, 
pons, and cerebellum. 
BD-I vs HC: ↓FC 
between the DC and 
the putamen and 
parahippocampal 
gyrus.

Canales- 
Rodríguez 
et al., 
2023

Cross-sectional Spain 3 FSL ‘JHU ICBM-DTI-81 
White-Matter 
Labels’; ‘JHU White- 
Matter Tractography 
Atlas’; ‘MNI 
Structural Atlas’; 
‘Harvard-Oxford 
Cortical Structural 
Atlas’; ‘Harvard- 
Oxford Subcortical 
Structural Atlas’; 
‘Cerebellar Atlas in 
MNI152 space after 
normalisation with 
FNIRT’, as well as 
the Anatomical 
Automatic Labelling 
atlas

DTI 
[MD, FA] 
SMT 
[IASF, Dpar]

Whole brain BD-I vs BD-II: no 
significant differences 
in MD, FA, IASF, 
Dpar. 
BD vs HC: FA: ↓ in the 
body of the corpus 
callosum, cerebral 
peduncle, WM regions 
adjacent to temporal 
and parietal lobes, 
corticospinal tract, 
and inferior 
longitudinal 
fasciculus. 
MD: ↑ in the genu and 
body of the corpus 
callosum, superior 
and posterior corona 
radiata, the insula, 

(continued on next page)
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Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

Heschl’s gyrus, 
cerebellum, superior 
frontal orbital cortex, 
supramarginal gyrus, 
and middle temporal. 
IASF: ↓WM in the 
body and splenium of 
the corpus callosum, 
cingulum bundle, and 
medial lemniscus. 
IASF: ↓GM in the 
cerebellum, inferior 
temporal gyrus, 
lateral occipital 
cortex, frontal pars 
triangularis, and 
medial frontal gyrus. 
Dpar: ↑ in the frontal 
lobe, cingulum, 
olfactory, calcarine, 
insula, Heschl’s gyrus, 
rolandic operculum, 
temporal and 
occipital lobes, 
fusiform, and lingual 
gyrus

Matsumoto 
et al., 
2023

Cross-sectional Japan 1.5 T 
3 T

FreeSurfer 5.3 Desikan-Killiany 
atlas

sMRI 
[CT, surface area, 
volume]

68 ROIs for CT and 
surface area

BD-I vs BD-II: no 
significant difference 
for bilateral 
hemisphere CT and 
SA. 
CT: SCZ < BD < MDD 
Cortical SA: SCZ <
BD, MDD < BD

Mørch- 
Johnsen 
et al., 
2023

Cross-sectional Norway 3 FreeSurfer 6.0.0 Histology-based 
postmortem atlas 
combined with 
image tissue contrast

sMRI Thalamic nuclei 
volumes

BD-I vs BD-II: ↓ 
volumes of 
mediodorsal lateral 
parvocellular, 
mediodorsal medial 
magnocellular and 
pulvinar anterior. 
BD vs HC: ↓ volumes 
in the mediodorsal 
medial 
magnocellular, lateral 
geniculate, medial 
geniculate and 
pulvinar anterior. 
BD-I vs HC: ↓ volumes 
in lateral geniculate 
nuclei, mediodorsal 
lateral parvocellular, 
mediodorsal medial 
magnocellular, 
medial geniculate 
nuclei and pulvinar 
anterior. 
BD-II vs HC: no 
significant 
differences.

Thiel et al., 
2024

Cross-sectional Germany 3 SPM12 MNI sMRI 
[GMV] 
DTI 
[FA, MD, RD, AD]

Whole-brain BD-I vs BD-II: GM: no 
significant 
differences. 
WM: ↓FA located in 
the forceps minor of 
the corpus callosum; 
↑RD. MD and AD no 
significant 
differences. 
BD-I vs HC: GM: no 
significant 
differences. 
WM: ↓FA located in 
the forceps minor of 

(continued on next page)
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SCZ in the fronto-temporal and callosal networks. However, there were 
no significant differences in diffusion indices between BD and SCZ nor 
between BD-I (n = 18) and BD-II (n = 15) (Squarcina et al., 2017). 
Kieseppä et al. (2022), investigating DTI changes, found decreased FA, 
increased MD, and RD in the corpus callosum in BD-I but not in BD-II and 
MDD, with no significant diffusion index changes in BD-II compared to 
HC (Kieseppä et al., 2022).

Two studies (Caseras et al., 2015; Foley et al., 2018) focused on 
specific WM tracts. Foley et al. (2018) found lower FA in the left and 
right uncinate fasciculus in BD-I compared to BD-II and HC, with no 
difference between BD-II and HC. In addition, no significant differences 
among the three groups were observed in the cingulum body and par
ahippocampal cingulum (Foley et al., 2018). Similarly, Caseras et al. 
(2015) observed lower FA in the right uncinate fasciculus in patients 
with BD-I compared to BD-II and HC (Caseras et al., 2015). Moreover, 
Canales-Rodríguez et al. (2023) found no significant differences be
tween BD subtypes in any of the four diffusion metrics analyzed, 
including FA, MD, intra-axonal signal fraction, and microscopic axonal 
parallel diffusivity derived from the spherical mean technique (Canales- 
Rodríguez et al., 2023). Lastly, Thiel et al. (2024) found that BD-I had 
lower FA values in widespread clusters, including almost all major 
projection, association, and commissural fiber tracts, compared with 
HC. Relative to BD-II, BD-I had lower FA, primarily in the anterior 
corpus callosum. BD-II exhibited significantly lower FA compared with 
HC in the left body of the corpus callosum (Thiel et al., 2024). Although 
no significant differences in AD values between groups emerged, BD-I 
displayed significantly higher RD values compared with BD-II and HC, 
and significantly higher MD compared with HC (Thiel et al., 2024).

Overall, while WM abnormalities in BD subtypes show heterogeneity 
and lack consistent replication, current evidence points toward a ten
dency for more disrupted WM microstructure in BD-I compared to BD-II.

3.3.2. White matter hyperintensities (WMH)
A prospective study investigating signal hyperintensities in three 

brain regions (periventricular WM, deep WM, and subcortical GM) 
among treatment-refractory patients with BD revealed that those with 
BD-I over age 30 had a significantly greater frequency of periventricular 
WMHs than HC and those with BD-II, with no significant differences 
between BD-II and HC (Altshuler et al., 1995). Kieseppä et al. (2022), 
investigating WMHs in BD and MDD, found that patients with BD-I 
showed deep WMHs mainly in the right frontal lobe, while patients 
with BD-II and MDD showed deep WMHs in the right and left frontal 

lobes and basal nuclei, and in the left frontal lobe, respectively (Kieseppä 
et al., 2022). Tighe et al. (2012) studied the effects of familiarity and 
psychosis on WMHs. They observed a linear trend of increase in the 
mean total WMH volume when comparing HC, unaffected relatives, 
patients with BD-II, and patients with BD-I with and without a history of 
psychotic symptoms (Tighe et al., 2012).

In summary, the included MRI investigations collectively highlight 
significant differences in WMHs between BD subtypes, primarily 
involving BD-I patients (Table 2).

3.4. Functional magnetic resonance imaging

Five fMRI studies were included in this review (Table 2). Growing 
evidence suggests that individuals with BD may be characterized by 
reward hypersensitivity (Alloy et al., 2016; Nusslock et al., 2019) and 
emotion dysregulation (Miola et al., 2022a; De Prisco et al., 2023). For 
this reason, Caseras et al. (2013, 2015) carried out two task-based in
vestigations concerning reward anticipation and emotion regulation. 
During the reward anticipation task, Caseras et al. (2013) found that 
patients with BD-II showed greater bilateral ventral striatal activity than 
HC and BD-I. Interestingly, the authors evidenced that BD-II had 
significantly greater left putamen volume than BD-I, with the left pu
tamen volume correlating positively with left ventral striatal activity to 
reward anticipation in all participants. They also conducted a whole- 
brain level analysis, which showed greater activity in the left ventro
lateral prefrontal cortex, insula, precentral gyrus, and middle and su
perior temporal cortex of BD-II relative to BD-I and HC. BD-II also 
exhibited greater activity than HC in the caudate nuclei bilaterally and 
the left dorsolateral prefrontal cortex, while no significant differences 
emerged between BD-I and HC (Caseras et al., 2013).

The same research group performed a multimodal study that 
included anatomical diffusion weighted (see above) and an emotion 
regulation fMRI task in euthymic BD. Participants were administered a 
verbal working memory (n-back) task with emotional distractors with a 
focus on specific ROIs involved in cognitive (dorsolateral prefrontal 
cortex [DLPFC]) and emotional processing (amygdala, nucleus accum
bens) (Caseras et al., 2015). At the behavioral level, at the highest 
working memory load, reaction times to targets were increased in BD-I 
compared to HC regardless of the presentation of distracters. At the 
neural level, patients showed differential responses based on the type of 
emotional distracters. Relative to HC and BD-II, the activation of DLPFC 
and limbic regions was increased when fear and happy distracters were 

Table 2 (continued )

First author, 
study year 

Study design Country Field 
strength 
(Tesla) 

Imaging software Space/Atlas Type of MRI 
[main outcome 
(s)] 

Whole brain/ROI Main findings

the corpus callosum, 
with almost all other 
major fiber tracts 
affected; ↑RD, ↑MD. 
AD no significant 
differences. 
BD-II vs HC: GM: no 
significant 
differences. 
WM: ↓FA in two small 
clusters in the left 
body 
of the CC.

Legend. BD-I, bipolar disorder type I; BD-II, bipolar disorder type II; HC, healthy controls; NA, not available; MDD, major depressive disorder; SCZ, schizophrenia; 
sMRI, structural magnetic resonance imaging; fMRI, functional magnetic resonance imaging; GM, gray matter; WM, white matter; ROI, region of interest; LV/C, lateral 
ventricle to cerebrum area ratio; CT, cortical thickness; VBM, voxel-based morphometry; FDR, False Discovery Rate; FA, fractional anisotropy; DTI, diffusion tensor 
imaging; ADC, apparent diffusion coefficient; DC, dorsal caudate; SA, surface area; WMH, white matter hyperintensities; MNI, Montreal Neurological Institute; TBV/ 
ICV, ratio of total brain volume to intracranial volume; MD, mean diffusivity; VR, volume ratio; RD, radial diffusivity; AD, axial diffusivity; MO, mode; LGI, local 
gyrification index; ILF/FOF, inferior longitudinal fasciculus; SLF, superior longitudinal fasciculus; DLPFC, dorsolateral prefrontal cortex; VLPFC, ventrolateral pre
frontal cortex; OFC, orbitofrontal cortex; RMFG, rostral middle frontal gyrus; dALFF, dynamic amplitude of low-frequency fluctuation; rSTG, right superior temporal 
gyrus; MTG, middle temporal gyrus; SMT, spherical mean technique; IASF, intra-axonal signal fraction; Dpar, axonal parallel diffusivity.
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presented in BD-I. Furthermore, when neutral distracters were shown, 
the activation in the DLPFC was reduced, and that of the limbic regions 
was increased in BD-I compared to HC. Relative to HC and BD-I, the 
activation of DLPFC and amygdala was increased when fear distracters 
were presented in BD-II. The negative DLPFC-amygdala connectivity 
was increased in BD-II when fear distracters were presented compared to 
BD-I and HC (Caseras et al., 2015).

Two rs-fMRI studies used seed-based FC analyses to investigate 
intrinsic connectivity of cerebellum (Olivito et al., 2022b) and caudate 
(Wei et al., 2022), two critical regions involved in motor, cognitive, and 
emotional regulation in BD patients (Blumberg et al., 2000; Cui et al., 
2022; Ahmed et al., 2023; Tai et al., 2024). Wei et al. (2022) performed a 
dorsal caudate-seeded FC study revealing that BD-I had significantly 
decreased FC between the caudate and the orbitofrontal cortex as 
compared to BD-II, and between the caudate and the putamen and 

Table 3 
Brain regions showing significant differences between BD-I and BD-II identified 
in structural, functional, and diffusion magnetic resonance imaging studies.

Brain areas Author and year Contrast Sample size

Desikan–Killiany atlas sMRI
Superior temporal gyrus 

left
Maller et al., 
2014

BD-I < BD-II BD-I: 16; BD- 
II: 15

Insula right Woo et al., 2021 BD-I > BD-II BD-I: 30; BD- 
II: 44

Medial orbitofrontal 
gyrus right

Maller et al., 
2014

BD-I < BD-II BD-I: 16; BD- 
II: 15

Temporal pole right Abè et al. 2016 BD-I < BD-II BD-I: 81; BD- 
II: 59

Desikan–Killiany atlas fMRI
Caudal middle frontal 

gyrus left
Caseras et al., 
2015

Fear distracters 
BD-I > BD-II 
Happy distracters 
BD-I < BD-II

BD-I: 16; BD- 
II: 19

Insula left Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Middle temporal gyrus 
left

Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Pars opercularis left Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Pars orbitalis left Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Pars triangularis left Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Precentral gyrus left Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Rostral middle frontal 
gyrus left

Caseras et al., 
2015

Fear distracters 
BD-I > BD-II 
Happy distracters 
BD-I < BD-II

BD-I: 16; BD- 
II: 19

Superior temporal gyrus 
left

Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Caudal middle frontal 
gyrus right

Caseras et al., 
2015

Fear distracters 
BD-I > BD-II 
Happy distracters 
BD-I < BD-II

BD-I: 16; BD- 
II: 19

Lateral orbitofrontal 
gyrus right

Wei et al., 2022 BD-I < BD-II BD-I: 28; BD- 
II: 36

Medial orbitofrontal 
gyrus right

Wei et al., 2022 BD-I < BD-II BD-I: 28; BD- 
II: 36

Middle temporal gyrus 
right

Liu et al., 2022 BD-I < BD-II BD-I: 31; BD- 
II: 32

Rostral middle frontal 
gyrus right

Caseras et al., 
2015

Fear distracters 
BD-I > BD-II 
Happy distracters 
BD-I < BD-II

BD-I: 16; BD- 
II: 19

Desikan–Killiany atlas DTI
Caudal middle frontal 

gyrus left
Ha et al., 2011 BD-I < BD-II BD-I: 12; BD- 

II: 12
Middle temporal gyrus 

left
Maller et al., 
2014

BD-I > BD-II BD-I: 16; BD- 
II: 15

Pars orbitalis left Liu et al., 2010 BD-I > BD-II BD-I: 14; BD- 
II: 13

Superior frontal gyrus 
left

Ha et al., 2011 BD-I < BD-II BD-I: 12; BD- 
II: 12

Pars opercularis right Liu et al., 2010 BD-I > BD-II BD-I: 14; BD- 
II: 13

Pars orbitalis right Liu et al., 2010 BD-I > BD-II BD-I: 14; BD- 
II: 13

Pars triangularis right Liu et al., 2010 BD-I > BD-II BD-I: 14; BD- 
II: 13

Postcentral gyrus right Ha et al., 2011 BD-I < BD-II BD-I: 12; BD- 
II: 12

Precuneus right Liu et al., 2010 BD-I > BD-II BD-I: 14; BD- 
II: 13

Caudal middle frontal 
gyrus right

Ha et al., 2011 BD-I < BD-II BD-I: 12; BD- 
II: 12

Subcortical sMRI
Hippocampus left Cao et al., 2017 BD-I < BD-II NR

Table 3 (continued )

Brain areas Author and year Contrast Sample size

Putamen left Caseras et al., 
2013

BD-I < BD-II BD-I: 17; BD- 
II: 15

Hippocampus right Cao et al., 2017 BD-I < BD-II NR

Subcortical fMRI
Amygdala left Caseras et al., 

2015
BD-I > BD-II BD-I: 16; BD- 

II: 19
Caudate left Caseras et al., 

2013
BD-I < BD-II BD-I: 17; BD- 

II: 15
Pallidum left Caseras et al., 

2013
BD-I < BD-II BD-I: 17; BD- 

II: 15
Putamen left Caseras et al., 

2013
BD-I < BD-II BD-I: 17; BD- 

II: 15
Thalamus proper left Mørch-Johnsen 

et al., 2023
BD-I < BD-II BD-I: 183; 

BD-II: 125
Amygdala right Caseras et al., 

2015
BD-I > BD-II BD-I: 16; BD- 

II: 19
Caudate right Caseras et al., 

2013
BD-I < BD-II BD-I: 17; BD- 

II: 15
Pallidum right Caseras et al., 

2013
BD-I < BD-II BD-I: 17; BD- 

II: 15
Putamen right Caseras et al., 

2013
BD-I < BD-II BD-I: 17; BD- 

II: 15

Subcortical DTI
Putamen left Maller et al., 

2014
BD-I > BD-II BD-I: 16; BD- 

II: 15

John Hopkins University DTI-based white matter atlas
Anterior thalamic 

radiation right
Maller et al., 
2014

BD-I > BD-II BD-I: 16; BD- 
II: 15

Anterior thalamic 
radiation left

Maller et al., 
2014

BD-I > BD-II BD-I: 16; BD- 
II: 15

Forceps minor center Thiel et al., 
2024

BD-I < BD-II BD-I: 73; BD- 
II: 63

Inferior fronto-occipital 
fasciculus left

Maller et al., 
2014

BD-I > BD-II BD-I: 16; BD- 
II: 15

Inferior longitudinal 
fasciculus right

Ambrosi et al., 
2016
Ha et al., 2011

BD-I > BD-II 
BD-I < BD-II

BD-I: 25; BD- 
II: 25 
BD-I: 12; BD- 
II: 12

Inferior longitudinal 
fasciculus left

Maller et al., 
2014

BD-I > BD-II BD-I: 16; BD- 
II: 15

Superior longitudinal 
fasciculus left

Maller et al., 
2014

BD-I > BD-II BD-I: 16; BD- 
II: 15

Uncinate fasciculus left Foley et al., 
2018

BD-I < BD-II BD-I: 32; BD- 
II: 34

Uncinate fasciculus 
right

Caseras et al., 
2015
Foley et al., 
2018

BD-I < BD-II 
BD-I < BD-II

BD-I: 16; BD- 
II: 19 
BD-I: 32; BD- 
II: 34

BD-I, bipolar disorder type I; BD-II, bipolar disorder type II; DTI, diffusion tensor 
imaging; fMRI, functional magnetic resonance imaging; NR, not reported; sMRI, 
structural magnetic resonance imaging.
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parahippocampal gyrus as compared with HC. BD-II exhibited decreased 
FC between the caudate and the orbitofrontal cortex, ventrolateral 
prefrontal cortex, dorsolateral prefrontal cortex, posterior parietal cor
tex, inferior temporal gyrus, parahippocampal gyrus, supplementary 
motor area, thalamus, pons, and cerebellum as compared with the HC 
group (Wei et al., 2022). Finally, Olivito et al. (2022b), exploring the 
cerebellar-cerebral FC, found an altered pattern of cerebellar-cerebral 
FC involving both left and right dentate nuclei in the BD groups 
compared with HC. Nonetheless, no significant FC differences were 
found between BD-I and BD-II (Olivito et al., 2022b) (see Table 2 for 

further details). Although in these studies, brain activity and connec
tivity were considered to be static, recent research has shown that 
intrinsic fluctuations also vary over time, and this is associated with 
brain function (Cattarinussi et al., 2023a). Consistent with this, Liu et al. 
(2022) investigated the dynamic-ALFF (dALFF) in BD and found a 
widespread decrease in dALFF values compared with HCs, mainly in the 
frontal, parietal, and temporal cortices. Of note, a significant reduction 
in dALFFs was present in the right superior and middle temporal gyrus in 
BD-I compared to BD-II (Liu et al., 2022).

Fig. 2. Neuroimaging differences between BD-I and BD-II. Findings from structural magnetic resonance imaging (A), functional magnetic resonance imaging (B), and 
diffusion tensor imaging (C) studies are displayed on the Desikan–Killiany atlas. The medial and lateral cortical surfaces are displayed for each hemisphere on the left 
part, the subcortical regions in the center, and the colorbar on the right part of each panel, respectively. The color bar code indicates whether one study reported 
greater (↑), smaller (↓) or bidirectional (↑,↓) imaging index changes in BD-I compared to BD-II. L, left hemisphere; R, right hemisphere. The renderings were created 
using the R-package ggseg.

Fig. 3. White matter tract differences between BD-I and BD-II. Findings from probabilistic tractography studies are displayed in the upper coronal (left), axial 
(center), and lower (right) coronal projections on the Johns Hopkins University DTI-based white matter atlas. The color bar code indicates whether one study re
ported greater (↑), smaller (↓), bidirectional (↑,↓), or two studies smaller (↓↓) connectivity in BD-I compared to BD-II. L, left hemisphere; R, right hemisphere. The 
renderings were created using the R-package ggseg.
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4. Discussion

To our knowledge, this is the first systematic review to examine 
differences in structural and functional MRI measures in BD-I and BD-II. 
In this review, we included 38 MRI studies and 41 experiments. Five of 
these were fMRI studies, while the remaining 33 were structural MRI 
studies. Among the structural studies, nine assessed WM microstructural 
abnormalities, three investigated WMHs, and the others conducted 
voxel-based or surface-based analyses of GM alterations. Based on the 
overall mean score, 89.5 % of the included studies were rated as high 
quality (Table 1).

Although the high methodological and clinical heterogeneity across 
included neuroimaging studies limits the certainty of conclusions, 
several noteworthy findings emerged. First, structural ROI-based and 
whole-brain MRI studies yielded spatially heterogeneous changes in BD, 
with GM volume reductions mainly driven by BD-I. Second, a generally 
widespread decrease in CT was found in BD, with thinner cortical re
gions in BD-I than in BD-II. Third, specific WM differences between BD-I 
and BD-II remain inconclusive; only WMHs were more frequently pre
sent in BD-I. Fourth, fMRI studies revealed significant differences be
tween BD subtypes in task-based and resting-state studies, with 
increased limbic activation during emotional processing and reduced 
cortico-striatal connectivity, which was greater in BD-I than BD-II.

Structural MRI studies investigated specific ROIs for which there was 
a strong a priori hypothesis, as well as the whole brain, revealing mixed 
results in different brain regions. Although most ROI-based in
vestigations focused on temporal and frontal structures, they found no 
volumetric differences between BD subtypes (Brambilla et al., 2003; 
Gutiérrez-Galve et al., 2012; Yang et al., 2021). Of note, these studies 
aimed at identifying structural differences in BD may be underpowered 
to investigate differences within BD subtypes (Brambilla et al., 2003). In 
addition, the hippocampus, amygdala, basal ganglia, thalamic nuclei, 
and cerebellar structures have also been investigated. Regarding the 
hippocampus, both Janiri et al., 2019, Haukvik et al., 2022, and Cao 
et al., 2017 did not reveal consistent differences between BD-I and BD-II, 
although both BD subtypes exhibited lower hippocampal volumes, and 
this difference seemed to be primarily driven by the BD-I subgroup (Cao 
et al., 2017; Haukvik et al., 2022). This suggests hippocampal volume 
reductions might be a common feature in BD and may not be a differ
entiating biomarker between the BD subtypes. In addition, GM volume 
reductions in the left hippocampus are shared across patients with BD, 
MDD, SCZ, and schizoaffective disorder (Brosch et al., 2022). Similarly, 
Brambilla et al. (2003) found a significantly larger amygdala in BD. 
Conversely, no difference was found in basal ganglia volume in BD in a 
single study with a small sample (Brambilla et al., 2001). Investigating 
distinct nuclei of the thalamus, patients with BD and SCZ spectrum 
disorders had smaller medial and posterior thalamic nuclei volumes, and 
this result was driven by BD-I (Mørch-Johnsen et al., 2023). Addition
ally, mediodorsal lateral parvocellular, mediodorsal medial magnocel
lular, and pulvinar anterior nuclei volume were reduced in BD-I 
compared with BD-II (Mørch-Johnsen et al., 2023). These findings 
suggest that the neurobiology of BD-I may lie closer to SCZ spectrum 
disorders on a continuum of illness, aligning with insights from prior 
genetic research (Almeida et al., 2020). Regarding the cerebellum, a 
reduction in cerebellar volume emerged in both BD subtypes (Kim et al., 
2020; Olivito et al., 2022a), with a more diffuse involvement in BD-II 
(Olivito et al., 2022a). Furthermore, larger lateral ventricles have been 
found in BD-I, also when compared to BD-II (Hauser et al., 2000), an 
unspecific finding that was previously reported in other major psychi
atric disorders, especially in SCZ (Chance et al., 2003; Horga et al., 2011; 
Svancer and Spaniel, 2021). Whole brain morphometric investigations 
yielded heterogeneous findings (Ha et al., 2009; Caseras et al., 2013; 
Miola et al., 2022c) and were not consistently replicated across the 
studies (Maller et al., 2014, 2015). BD-I presented widespread GM vol
ume reductions in the bilateral frontal, temporal, parietal, and para
hippocampal cortices and in the right middle and inferior occipital gyrus 

(Ha et al., 2009; Miola et al., 2022c). On the other hand, both BD-II and 
BD-I showed GM deficits in the ventromedial prefrontal regions (Ha 
et al., 2009), and BD-II exhibited significantly greater left putamen 
volume compared to BD-I (Caseras et al., 2013). Additionally, this vol
ume increase in the left putamen positively correlated with left ventral 
striatal activity during reward anticipation tasks (Caseras et al., 2013). 
This finding might imply potential differences in the neural mechanisms 
underlying reward processing in the BD subtypes.

Most surface-based studies showed reduced CT in BD, and lower CT 
was more frequently observed in BD-I than BD-II (Lyoo et al., 2006; Abé 
et al., 2016, 2022; Hibar et al., 2018; Woo et al., 2021; McWhinney 
et al., 2022). BD-I and BD-II displayed similar cortical abnormalities, 
including lower volume, CT, and surface area in frontal regions but not 
in temporal regions, where only BD-I had reduced cortical volume and 
CT (Abé et al., 2016). In addition, BD-I showed lower CT relative to BD-II 
in the ventral prefrontal cortex, including the ventrolateral prefrontal 
cortex and the orbitofrontal cortex (Woo et al., 2021). Of note, positive 
correlations between executive function performance and CT in the 
medial prefrontal cortex were found in BD-II but not in BD-I. Thus, the 
functional relevance of CT may differ regionally between BD subtypes 
(Abé et al., 2018). CT differences between BD subtypes have also been 
reported in limbic regions (Abé et al., 2022) and SA differences in the 
right long insular gyrus (Woo et al., 2021), although negative findings 
for CT and surface area between BD subtypes have been reported (Lyoo 
et al., 2006; Hibar et al., 2018; Matsumoto et al., 2023). In addition, all 
cerebellar subregions showed an increased CT in BD (Kim et al., 2020), 
with no significant differences between BD-I and BD-II (Kim et al., 
2020). Similar to the hippocampus, cerebellar volume reductions and 
increased CT of all cerebellar subregions observed in BD may represent 
common features to both BD subtypes, warranting additional explora
tion. These findings indicate that patients with BD-I are characterized by 
lower CT compared to BD-II, mainly in the prefrontal, temporal, and 
limbic regions. This may suggest that BD-I and BD-II present different 
neurodevelopmental mechanisms that result in different cortical ab
normalities. This hypothesis aligns with genome-wide association 
studies showing genetic heterogeneity between BD subtypes (Charney 
et al., 2017). We might speculate that genetic differences between the 
two disorders underlie differential neurodevelopmental processes in the 
two groups of BD patients, ultimately leading to disorder-specific pat
terns of cortical alterations.

WM findings showed a large heterogeneity, probably due to differ
ences in DTI measures and brain regions studied, with most studies 
suggesting a more severe disruption of WM microstructure in BD-I 
compared to BD-II. Mixed findings for comparing BD subtypes were 
reported for the FA in the right inferior longitudinal fasciculus (Ha et al., 
2011; Ambrosi et al., 2016). Increased FA values have been reported in 
the right precuneus, right inferior frontal gyrus, and left inferior pre
frontal area in BD-I compared to BD-II (Liu et al., 2010). Additionally, 
two studies on specific WM tracts showed decreased FA in the uncinate 
fasciculus in BD-I compared to BD-II (Caseras et al., 2015; Foley et al., 
2018). This is consistent with previous research on this tract in BD-I 
(Versace et al., 2008; Sussmann et al., 2009; Lin et al., 2011). Notably, 
the uncinate fasciculus has been highlighted as a key WM tract for top- 
down emotion regulation by carrying connections from the prefrontal 
cortex to regions of the temporal lobe, including the amygdala 
(d’Arbeloff et al., 2018; Pedersen et al., 2022). This finding further 
supports that abnormalities in emotion regulation circuits are predom
inant in BD-I relative to BD-II. Although the conclusions from these 
studies remain tentative due to consistently small sample sizes and 
varying methodologies, a recent study by Thiel et al. (2024) found lower 
FA, primarily in the anterior corpus callosum in BD-I compared with BD- 
II, indicating greater WM disruption. This distinction was further re
flected by the extent of impairment compared to HC. BD-I showed 
widespread WM reductions, affecting all major projection, association, 
and commissural fiber tracts, including the corpus callosum. In contrast, 
BD-II had lower FA in the left body of the corpus callosum (Thiel et al., 
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2024). The reduction of FA in the corpus callosum across both BD sub
types aligns with prior research identifying this as one of the most 
consistent effects in BD (Favre et al., 2019; Yang et al., 2019; Thiel et al., 
2023). The corpus callosum plays a crucial role in interhemispheric 
integration, and reduced WM integrity in the corpus callosum has been 
found across severe mental disorders (MDD, BD, and SCZ), supporting 
that disruptions in interhemispheric WM connectivity may represent a 
common pathophysiological pathway and may contribute to cognitive 
and emotional deficits (Wise et al., 2017; Cui et al., 2020; Koshiyama 
et al., 2020; Meinert et al., 2022; Videtta et al., 2023). Consistently, 
decreased FA and increased diffusivity indices were found in BD-I, BD-II, 
and SCZ, with overlapping affected areas spanning the frontotemporal 
and callosal networks (Squarcina et al., 2017), suggesting that these WM 
abnormalities may represent common features of the BD-SCZ spectrum. 
Relative to BD-II, BD-I showed an increase in MD in the brainstem, in
ternal capsule, middle temporal gyrus, putamen, and thalamic radiation 
(Maller et al., 2014), in RD, in the insula (Maller et al., 2014), and ADC, 
in the left frontal, right parietal, temporal regions, and right thalamus, 
respectively (Ha et al., 2011).

When considering the WMHs, lesions associated with vascular insults 
to the brain, and related to cognitive decline (Chen et al., 2021b), 
several studies showed an increased prevalence in BD-I. Adult BD-I 
showed a significantly greater frequency of periventricular WMHs 
than BD-II (Altshuler et al., 1995). In addition, WMH volume was 
increased with a linear trend in unaffected relatives of patients with BD, 
BD-II, and BD-I without and with a history of psychosis (Tighe et al., 
2012), thus suggesting their role as markers of disease burden in BD-I 
and further supporting the bipolar spectrum. Interestingly, BD-II 
showed a WMHs pattern more similar to MDD than BD-I (Kieseppä 
et al., 2022), which supports the concept of a continuum of the “manic- 
depressive illness”.

FMRI studies provided helpful insight into differences in functional 
connectivity and activation patterns in BD subtypes. Patients with BD-I 
displayed abnormalities in activation and structural and functional 
connectivity between the prefrontal cortex and subcortical structures 
during emotion regulation, whereas such deficits did not extend to BD-II 
(Caseras et al., 2013, 2015). These findings, along with altered WM 
microstructure organization in the right uncinate fasciculus in patients 
with BD-I compared with BD-II, support crucial differences in the 
pathophysiology of BD subtypes and suggest an inefficient coupling 
between prefrontal cortical areas and emotion regulation circuitry, with 
an altered dorsolateral prefrontal cortex downregulation of amygdala 
reactivity in BD-I but not in BD-II. Notably, cortico-limbic functional 
abnormalities have also been reported in unaffected relatives of BD, 
suggesting their candidate role as an endophenotype of the disorder 
(Cattarinussi et al., 2019, 2022, 2023b). In addition, previous reviews 
revealed altered cortico-limbic circuits and amygdala reactivity as un
derlying mechanisms of impairment of emotional perception in BD-I (Bi 
et al., 2022; Bigot et al., 2020). Such results align with previous studies 
showing an altered emotion processing in BD in behavioral tasks, even 
during remission, with worse performance in BD-I relative to BD-II 
(Bozikas et al., 2006; Caseras et al., 2015; Miola et al., 2023c). These 
results are also consistent with worse social cognition in BD-I than BD-II 
(Dell’Osso et al., 2017), which may impair interpersonal relationships 
and global functioning.

Functional connectivity at rest showed a pattern of neural discon
nection in BD, which seemed greater in BD-I than in BD-II. In particular, 
BD-I had a decreased FC between the dorsal caudate and the putamen 
and the parahippocampal gyrus compared to HC and a lower FC than 
those with BD-II between the DC and the orbitofrontal cortex (Wei et al., 
2022); notably, the orbitofrontal cortex plays a role in decision making 
for emotional and reward-related behaviors (Kringelbach, 2005). 
Moreover, cerebello-cortical FC, which has been associated with the 
onset of manic symptoms (Lupo et al., 2018), was altered in the dentate- 
cortical connections in BD with no difference between BD subtypes 
(Olivito et al., 2022b). More recently, dynamic resting-state 

abnormalities have been reported in BD, and they seem to be associ
ated with the severity of affective symptoms (Cattarinussi et al., 2023a). 
BD-I and BD-II showed a significant decrease in dALFF in frontal, pari
etal, occipital, and temporal cortices and the limbic system. In addition, 
relative to BD-II, BD-I had reduced dALFF in the right superior and 
middle temporal gyrus (Liu et al., 2022), which are involved in emotion 
regulation (Patel et al., 2023). These findings suggest dALFF as a puta
tive resting-state index marker that may contribute to differentiating 
BD-I and BD-II.

Medication exposure (Ilzarbe and Vieta, 2023), along with psychi
atric and medical comorbidities and illness severity, may represent 
important potential confounding factors in the included studies. Base
line clinical scales were generally within the mild or euthymic range, 
consistent with recruitment outside acute episodes (Table 1). Some 
included studies showed that participants with BD-II exhibited higher 
depressive symptom burden compared to those with BD-I (e.g., Ha et al., 
2009; Liu et al., 2010; Ambrosi et al., 2016; Kieseppä et al., 2022; Woo 
et al., 2021), whereas (hypo)manic symptom scores were overall low 
and comparable between the diagnostic groups.

The majority of participants were receiving psychotropic treatment 
at the time of the MRI scan, with combinations of mood stabilizers, 
antidepressants, antipsychotics, and benzodiazepines being common in 
individuals with BD-I and BD-II (eTable3). In some studies, patients with 
BD-I were more frequently treated with mood stabilizers and antipsy
chotics, whereas those with BD-II showed greater exposure to antide
pressants (Abé et al., 2016; Foley et al., 2018; Liu et al., 2022; Miola 
et al., 2022c; Wei et al., 2022; Thiel et al., 2024), consistent with clinical 
prescription patterns in major mood disorders (Hernandorena et al., 
2025). Independent of BD subtype-specific prescription patterns, pre
vious reviews support a normalising effect of psychotropic medications, 
particularly lithium and mood stabilizers, on brain structure and func
tion in individuals with BD (Hafeman et al., 2012; McDonald, 2015). 
Several included studies have investigated whether pharmacological 
profiles could explain brain differences between BD subtypes. While 
some investigations found no significant associations between medica
tion use and neuroimaging findings (Altshuler et al., 1995; Brambilla 
et al., 2001, 2003; Lyoo et al., 2006; Ha et al., 2009; Caseras et al., 2013, 
2015; Maller et al., 2015; Janiri et al., 2019; Choi et al., 2022; Liu et al., 
2022; McWhinney et al., 2022; Miola et al., 2022c), other MRI studies 
suggested that specific treatments—particularly lithium, anticonvul
sants, and antipsychotics—may exert measurable effects on brain 
morphology (Abé et al., 2016; Foley et al., 2018; Hibar et al., 2018; Woo 
et al., 2021; Abé et al., 2022; Haukvik et al., 2022; Canales-Rodríguez 
et al., 2023). Lithium exposure has been associated with greater WM 
integrity (higher FA) in the left uncinate fasciculus, thalamus, brain
stem, and superior longitudinal fasciculus, as well as increased CT and 
GM volumes, especially in the hippocampus and occipital areas (Abé 
et al., 2016; Foley et al., 2018; Hibar et al., 2018; Haukvik et al., 2022; 
Canales-Rodríguez et al., 2023), whereas antipsychotics have shown the 
opposite trend (Hibar et al., 2018; Woo et al., 2021; Abé et al., 2022; 
Haukvik et al., 2022; Canales-Rodríguez et al., 2023). These findings 
align with previous MRI investigations showing that lithium may in
crease GM volume, specifically in the limbic system, thalamus, and 
amygdala (Savitz et al., 2010; Hibar et al., 2016; Sani et al., 2018), 
whereas antipsychotic exposure has been associated with smaller brain 
volumes (Abramovic et al., 2016). Most studies did not report current 
dose regimens, treatment duration, prior medication exposure, or spe
cific drug combinations; thus, it remains unclear to what extent the 
observed effects reflect the illness itself, pharmacological treatment, or 
their interaction. Future investigations, including drug-free or, ideally, 
drug-naïve patients and employing prospective longitudinal designs 
with standardized medication characterization, are essential to disen
tangle illness- from treatment-related effects.

Although some studies excluded participants with comorbid psy
chiatric disorders (Brambilla et al., 2001, 2003; Lyoo et al., 2006; 
Gutiérrez-Galve et al., 2012; Caseras et al., 2013, 2015; Maller et al., 
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2014, 2015; Ambrosi et al., 2016; Squarcina et al., 2017; Kim et al., 
2020; Woo et al., 2021; Yang et al., 2021; Choi et al., 2022; Olivito et al., 
2022a, 2022b; Wei et al., 2022), alcohol/substance abuse and/or major 
medical conditions (Brambilla et al., 2001, 2003; Ha et al., 2009, 2011; 
Gutiérrez-Galve et al., 2012; Caseras et al., 2013, 2015; Maller et al., 
2014, 2015; Ambrosi et al., 2016; Cao et al., 2017; Squarcina et al., 
2017; Foley et al., 2018; Janiri et al., 2019; Kim et al., 2020; Kieseppä 
et al., 2022; Woo et al., 2021; Yang et al., 2021; Choi et al., 2022; Liu 
et al., 2022; Miola et al., 2022c; Olivito et al., 2022a, 2022b; Wei et al., 
2022; Canales-Rodríguez et al., 2023; Thiel et al., 2024), psychiatric and 
medical comorbidities were not systematically assessed across BD sub
types, nor were their potential effects on neuroimaging findings 
explored, representing another potential source of confounding. Indeed, 
individuals with BD frequently present with co-occurring physical dis
orders, including obesity, insulin resistance, and type 2 diabetes 
(Vancampfort et al., 2015; Miola et al., 2022d), as well as co-occurring 
psychiatric conditions such as substance use disorders, anxiety, ADHD, 
and personality disorders (Hunt et al., 2016; Preti et al., 2016, 2018; 
Schiweck et al., 2021). For example, obesity increases the likelihood of 
having low CT and may explain differences in cortical measures and 
subcortical brain volumes in people with BD (McWhinney et al., 2021, 
2022), with higher BMI values being associated with GM and WM re
ductions in the emotion-generating and -regulating regions in in
dividuals with first-episode mania (Bond et al., 2014). Of note, 
individuals with BD-II show more frequent co-occurring psychiatric di
agnoses than those with BD-I (Hernandorena et al., 2023), especially 
anxiety disorders, eating disorders, and personality disorders (Dell’Osso 
et al., 2015; Karanti et al., 2020). Medical and psychiatric comorbidities 
may influence brain structure and function, contributing to the hetero
geneity of neuroimaging findings.

Other factors may underlie the inconsistency in replicating structural 
and functional neuroimaging findings across BD subtypes. First, manic- 
depressive illness is a highly heterogeneous condition with different 
clinical sub-phenotypes (Coombes et al., 2020). Patients with BD can 
differ in variables associated with illness course, including the age of the 
first symptoms and the incident case of (hypo)mania, the duration of 
affective episodes, the stage of the illness, illness severity, and cognitive 
impairment, which are not reported systematically across the included 
studies. Second, variability in mood state at the time of neuroimaging 
assessments may limit the comparability of some of the included MRI 
investigations. Third, the cross-sectional design of most of the examined 
MRI studies limits the ability to make causal inferences and the gener
alizability of present findings (Vieta and De Prisco, 2024). Fourth, a 
limited sample size may result in insufficient statistical power to detect 
significant differences among BD subtypes (De Prisco and Vieta, 2024). 
Moreover, for each metric, the limited number of ROI-based studies and 
the number of whole-brain studies being below the minimum recom
mended to ensure adequate power and prevent results from being driven 
by single experiments (Müller et al., 2018) precluded a meta-analysis of 
the present findings. Finally, MRI scanning methods presented high 
heterogeneity, including scanning parameters, statistical approaches, 
and analysis pipelines.

Although neuroimaging differences exist between BD-I and BD-II, the 
existing literature remains limited, making it difficult to determine 
whether these differences are substantial or whether they reflect a 
continuum between the two BD subtypes. The neuroprogressive evolu
tion of the disease may influence this continuum (Chen et al., 2021a), 
leading to complex alterations in brain structure and function over time. 
Integrating comprehensive clinical phenotyping, staging, and neuro
imaging measures is crucial for improving within-group homogeneity, 
refining diagnostic accuracy, and tailoring therapeutic strategies for 
individuals with BD.

In conclusion, structural and functional neuroimaging studies can 
shed light on the neuroimaging features of BD subtypes, providing 
valuable insights into their underlying neural mechanisms. Structural 
MRI highlighted widespread variations in brain morphometry and 

surface characteristics, mainly driven by BD-I, possibly suggesting 
different neurodevelopmental pathways, although the findings were 
inconsistent across brain regions. WM alterations were also observed, 
but the specific differences between BD-I and BD-II remain inconclusive. 
Lastly, fMRI studies pointed to cortico-limbic disconnection in the BD 
subtypes, mostly in BD-I, in emotion regulation and reward processing. 
The neural signatures of BD subtypes appear to be related to neural 
networks rather than individual brain regions. Overall, these findings 
may contribute to refining our understanding of the neurobiological 
underpinnings of BD-I and BD-II and highlight potential avenues for 
integrating clinical phenotyping and providing targeted interventions.
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