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Background
Whether borderline personality disorder (BPD) and bipolar dis-
order are the same or different disorders lacks consistency.

Aims
To detect whether grey matter volume (GMV) and grey matter
density (GMD) alterations show any similarities or differences
between BPD and bipolar disorder.

Method
Web-based publication databases were searched to conduct a
meta-analysis of all voxel-based studies that compared BPD or
bipolar disorder with healthy controls. We included 13 BPD
studies (395 patients with BPD and 415 healthy controls) and 47
bipolar disorder studies (2111 patients with bipolar disorder and
3261 healthy controls). Peak coordinates from clusters with sig-
nificant group differences were extracted. Effect-size signed
differential mapping meta-analysis was performed to analyse
peak coordinates of clusters and thresholds (P < 0.005, uncor-
rected). Conjunction analyses identified regions in which disor-
ders showed common patterns of volumetric alteration.
Correlation analyses were also performed.

Results
Patients with BPD showed decreased GMV and GMD in the
bilateral medial prefrontal cortex network (mPFC), bilateral

amygdala and right parahippocampal gyrus; patients with bipolar
disorder showed decreasedGMV andGMD in the bilateral medial
orbital frontal cortex (mOFC), right insula and right thalamus, and
increased GMV and GMD in the right putamen. Multi-modal
analysis indicated smaller volumes in both disorders in clusters
in the right medial orbital frontal cortex. Decreased bilateral
mPFC in BPDwas partly mediated by patient age. Increased GMV
and GMD of the right putamen was positively correlated with
Young Mania Rating Scale scores in bipolar disorder.

Conclusions
Our results show different patterns of GMV and GMD alteration
and do not support the hypothesis that bipolar disorder and BPD
are on the same affective spectrum.
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Similarities and differences between bipolar and
borderline personality disorder

The relationship between borderline personality disorder (BPD)
and bipolar disorder remains controversial.1,2 Both are severe
mental disorders with a fluctuating course.3 Bipolar disorder is
characterised by manic, depressive and mixed episodes, with inter-
vals showing varying levels of euthymic remission.4 BPD is defined
as a long-standing pattern of functioning corresponding to a
disorder of personality.5 However, longitudinal study shows fluctu-
ation with remission of symptoms, including affective instability.6,7

Pervasive problems in affect regulation have been considered the
core feature of BPD by some researchers,8–11 with rapid switching
observed between different symptom profiles of anger, depression
and anxiety.8,12 Symptom profiles and course of affective disturb-
ance appear to differ.13,14

Clinical and community studies have shown high levels of diag-
nostic co-occurrence of the two disorders.15–17 A diagnosis of BPD
in young people can precede a diagnosis of bipolar disorder in adult-
hood.18,19 It has also been suggested that BPD and bipolar disorder
are alternative expressions of the same disorder,20 and that BPD is
on a bipolar spectrum of affective disorder,1,2,6,21 characterised by
ultra-rapid-cycling.5 It has been suggested that rapid switching

and the affective instability of BPD could originate from similar
genetic aetiology as bipolar disorder. However, mood-stabilising
medication is considered the key treatment intervention for
bipolar disorder, whereas psychotherapy is the key treatment for
BPD.22,23 Furthermore, although the two conditions can co-occur,
it is argued that their course, family history and treatment response
are very different, and that misdiagnosis can result in patients not
receiving appropriate treatment.24

Neuroimaging studies of the two disorders

In the absence of a definitive understanding of the neuropathology
underpinning these two disorders, there are currently no clinical
biomarkers available to aid diagnosis, clarify the relationship
between bipolar disorder and BPD or indicate the most appropriate
treatment. Biomarker discovery and optimization are therefore
essential. Neuroimaging studies have been used to identify differ-
ences between patients with affective disorders and healthy controls
in structural magnetic resonance imaging (MRI) analysis.25,26

Changes in grey matter volume (GMV) and grey matter density
(GMD) in BPD have been most consistently found in the amygdala
and hippocampus;27,28 brain abnormalities in bipolar disorder are
frequently reported within the frontal-striatal-limbic network.17,25

However, it is unclear whether changes in brain structure can differ-
entiate BPD from bipolar disorder, or whether common* These authors contributed equally to this work.
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abnormalities are present in both disorders.18 Only one study has
directly compared BPD and bipolar disorder, which found that
GMD changes in bipolar disorder were more diffuse and severe
than in BPD, but had certain regions of overlap.29 To date, small
sample sizes, heterogeneity and differences in analytical method
(e.g. whole-brain or region-of-interest (ROI) analyses) have resulted
in inconsistency. Ameta-analysis may provide amore precise evalu-
ation of potential diagnostic biomarkers at the brain level, clarify the
uncertain relationship between bipolar disorder and BPD and
ultimately improve classification.30

The aim of this meta-analysis was to establish the most consist-
ent brain function abnormalities of bipolar disorder and BPD, using
all published, whole-brain structural MRI studies that do not bias
findings to a priori hypothesised regions.31

Method

Searches and study selection

We conducted a literature search of PubMed (https://www.ncbi.
nlm.nih.gov/pubmed/), EMBASE (www.embase.com), Google
Scholar (http://scholar.google.com/) and Science Direct (https://
www.sciencedirect.com/) for voxel-based morphometry (VBM)
studies published between 1 January 2003 and 28 February 2018.
In addition, we conducted manual searches among the reference
sections of all retrieved studies and review articles.32 To ensure com-
prehensiveness, two researchers performed the searches

independently, using keywords such as ‘borderline personality’,
‘bipolar/affective/mood disorder’, ‘mania/hypomania/bipolar
depression/’, ‘neuroimaging’, ‘mri’, ‘magnetic resonance’, ‘brain
imaging’, ‘morphometry’ and ‘voxel’. We followed Preferred
Reporting Items For Systematic Reviews and Meta-analyses
(http://www.prisma-statement.org) (Fig. 1) guidelines for meta-
analyses of observational studies.33

Our inclusion criteria were as follows: (a) the study included
patients with BPD versus healthy controls, and patients with
bipolar disorder versus healthy controls; (b) the VBM method
was used to analyse whole-brain grey matter changes of patients
with bipolar disorder and patients with BPD; (c) the study reported
peak coordinates of the brain areas as well as the statistical paramet-
ric maps, and coordinates were normalised into a stereotaxic stan-
dardised space (e.g. the Montreal Neurological Institute (MNI) or
Talairach space).34 Authors of published reports were contacted
by email when required information was not provided.

Our exclusion criteria were as follows: (a) neuroimaging
techniques other than MRI whole-brain VBM (using ROI/voxel-
of-interest methods might result in selection bias); (b) participants
aged <18 years or >65 years (tominimise effects of neurodevelopment
and neurodegeneration); (c) patients diagnosed with schizoaffective
disorders or any comorbid neurological conditions; (d) review
papers or meta-analysis studies; and (e) when t- or z-maps were
unavailable, consistent statistical thresholds throughout the brain
were not used or peak coordinates were not reported.25 For samples
shared with other studies, the study with the largest sample was

Identification

Bipolar disorder
structural studies
(VBM)
Articles identified
through database
searching:
N= 71

BPD structural studies
(VBM)
Articles identified
through database
searching:
N= 37

Screening

Eligibility

Included

Articles excluded on the basis
of:
- the technique of analysis
(diffusion tensor imaging)
- the method of analysis (ROI
used)
- the sample of individuals
examined
- absence of coordinates
N= 18

Articles excluded to avoid
overlapping samples: N= 3

Articles screened:
N= 53

Articles assessed for
eligibility:
N= 53

Articles assessed for
eligibility:
N= 18

Articles excluded to avoid
overlapping samples:

N= 5

Articles excluded on the basis
of:
- the technique of analysis
(diffusion tensor imaging)
-the method of analysis (ROI
used)
- the sample of individuals
examined
- absence of coordinates
N= 14

Studies included:
N= 47

Studies included:
N= 13

Articles included:
N= 60

Articles screened:
N= 23

Fig. 1 APreferred Reporting Items For Systematic Reviews andMeta-analyses (PRISMA) flowchart of the article selection. PRISMA flowchart for
the meta-analysis of voxel-based morphometry (VBM) studies in patients with bipolar disorder and borderline personality disorder (BPD).
ROI, region of interest.
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included.25 Conversely, when the same control group was used in
several subgroup comparison, only a combined summary result was
included in the meta-analysis.35 In the BPD group, we specifically
excluded samples with co-occurring bipolar disorder, and vice
versa.36 For studies that used longitudinal treatment designs, only
baseline pre-treatment data were included. Using this approach, we
selected a pool of 13 BPD studies and 47 bipolar disorder studies.

Recorded variables and contrasts

The following variables were recorded from each article: sample
size, mean age of participants, gender (male/female), mean illness
duration, mean scores of Young Mania Rating Scale (YMRS) and
Hamilton Rating Scale for Depression (HRSD) for bipolar disorder,
proportion medicated for bipolar disorder, bipolar disorder subtype
(1 or 2), magnetic field strength and image analysis tools (shown in
Supplementary Tables 1 and 2 available at https://doi.org/10.1192/
bjp.2019.44). Coordinates with statistically significant differences
were extracted, including direction of alteration (BPD/bipolar dis-
order > healthy controls, BPD/bipolar disorder < healthy controls).
Coordinates in different stereotactic spaces were automatically con-
verted by SDM software and Z- or P-values for significant clusters
were converted to t-statistics by SDM online conversion utilities
(https://www.sdmproject.com/utilities/?show=Statistics).

Meta-analysis

Regional differences in GMV and GMD between patients with
BPD or bipolar disorder and healthy controls were analysed
using the effect-size version of signed differential mapping (AES-
SDM; http://www.sdmproject.com/).37 Voxel-based meta-analytic
methods have been described in detail elsewhere.38 In brief, the
main features of our method (AES-SDM) included extraction of
peak coordinates and effect sizes of grey matter differences
between patients with BPD or bipolar disorder and healthy controls
from each data-set,2,39 recreation of a map of the effect sizes of the
differences between patients and controls for each study and a
standard random-effects variance-weighted meta-analysis for each
voxel. Default AES-SDM kernel size and thresholds were used
(full width at half maximum = 20 mm, voxel P = 0.005, peak
height Z = 1, cluster extent of 10 voxels).3,40 We performed the
meta-analysis on the weighted mean difference in regional grey
matter between patients and healthy controls, weighted by the
square root of the sample size of each study, so that studies with
large sample sizes contributed more;4,37 we confirmed reliability
by checking the results;5 Jackknife sensitivity analyses were con-
ducted to establish reproducibility of results by iteratively repeating
analyses, excluding one data-set each time.41

The results replicated in at least 70% of the studies were reli-
able. Funnel plots and Egger tests were conducted to identify con-
flicting studies and publication bias.42 A P-value <0.05 was
considered significant.43 Finally, we used the multi-modal analysis
function of the AES-SDM statistical package, which allowed us to
perform conjunction analysis. This enabled us to compare abnor-
malities between conditions (BPD versus bipolar disorder) based
on evaluation of effect sizes to identify regions where both
patient groups showed shared differences with respect to controls,
as well as taking into account errors in the estimation of magnitude
of these differences.25

Meta-regression analysis

The potential effect of several relevant sociodemographic and clin-
ical variables were examined by linear regression, weighted by the
square root of the sample size and restricted to only predict possible
SDM values.41 For bipolar disorder, we used depressive symptoms,

manic symptoms, illness duration, mean patient age and female
patient percentage. Given the relatively small number of studies,
we set the cut-off value for inclusion of potential confounders in
meta-regressions to ≥20 studies for bipolar disorder to minimise
occurrence of false positive values.44 For BPD, we used mean
patient age and female patient percentage. We also examined
effects of magnetic field strength and image smoothing level for
both conditions. Studies that did not report these measures were
excluded from analyses.25

Results

General information for each sample group

The 13 structural MRI studies on BPD included 395 patients with
BPD and 415 healthy controls (Supplementary Table 1). Their
mean age was 29.1 years, 336 (75.3%) were female, 63 (15.95%)
had co-occurring major depressive disorder and 94 (23.80%) had
post-traumatic stress disorder. The 47 bipolar disorder studies
included 2111 patients and 3261 healthy controls (Supplementary
Table 2). Their mean age was 34.4 years, 1119 (53.01%) were
female, 24 studies reported YMRS scores with mean score of 8.0
and 25 studies reported HRSD scores with mean scores of 8.63.
The bipolar disorder cohorts included 1690 (80.06%) patients
with bipolar disorder type 1, 252 (11.94%) patients with bipolar dis-
order type 2 and 176 (8%) patients with other bipolar disorder types.
The mean illness duration for bipolar disorder was 14.36 years (30
studies reported). Patients with BPD were significantly younger
than patients with bipolar disorder (omnibus test P < 0.001, 5.32
years) and there were more females patients with BPD (omnibus
test P < 0.001, 23% female).

Meta-analysis
BPD versus healthy controls

Patients with BPD showed significantly decreased GMV and GMD
in the bilateral medial prefrontal cortex (mPFC), medial orbital
frontal cortex (OFC), bilateral anterior cingulate cortex (ACC),
bilateral amygdale and right parahippocampal gyrus compared
with healthy controls. They also showed increased GMV and
GMD in the bilateral praecuneus, right medium / paracingulate
gyrus (Brodmann area (BA) 23) and posterior cingulate gyrus
(BA 23) compared with healthy controls (Table 1 and Fig. 2a).
Jackknife sensitivity analyses revealed that observed deficits in bilat-
eral posterior cingulate gyrus, bilateral mPFC, medial OFC and
ACC were highly robust and were replicable in all 13 studies.
Deficits in bilateral amygdala and right parahippocampal gyrus
were replicable in 10 out of 13 studies.

Meta-regression analyses revealed that smaller volumes relative
to controls were associated with increasing patient age in the right
orbital frontal gyrus (OFC) (Fig. 2b; peak MNI =−6, 34, −14;
Z =−3.526; P < 0.001; 1401 voxels). When examining the methodo-
logical variables in the BPD group, studies using higher field
strength scanners and higher full width at half maximum showed
greater GMV and GMD relative to controls in the right praecuneus
(peak MNI = 12, −38, 33; Z = 1.352; P < 0.001; 189 voxels; peak
MNI = 6, −58, 34; Z = 1.687; P < 0.001; 541 voxels).

Bipolar disorder versus healthy controls

Several reduced GMD and GMV clusters were identified in patients
with bipolar disorder compared with healthy controls, including
decreased GMV and GMD in the bilateral medial OFC, right
insula and right thalamus, whereas increased GMV and GMD
was found in the right putamen (Table 1 and Fig. 2c). Whole-
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brain jackknife sensitivity analysis revealed that the GMV and GMV
decrease in the aforementioned brain areas was highly replicable.
This finding was observed in all 47 studies and analyses. Meta-
regression analyses revealed that higher YMRS scores were asso-
ciated with greater GMV and GMD volumes compared with con-
trols in the right putamen (Fig. 2e; peak MNI = 32, −8, 6; Z =
2.966; P < 0.001; 684 voxels). We also found smaller volumes in
the right OFC relative to controls were associated with an increasing
percentage of female patients (Fig. 2d; peak MNI = 6, 62,−12;
Z =−2.93; P < 0.001; 106 voxels). We found no significant associa-
tions betweenHRSD scores, patient age, mood state, lithium use and
methodological variables, and abnormal brain findings in bipolar
disorder.

BPD versus bipolar disorder

Conjunction analysis indicated that brain regions in the right
medial OFC showed smaller volume compared with controls in
both conditions (Fig. 2f; peak MNI = 0, 34, −20; P < 0.001; 417
voxels). No regions showed greater volume. Because of small
sample sizes directly comparing patients with bipolar disorder
and patients with BPD,29 we could not contrast the BPD and
bipolar disorder group in subgroup analyses.

Analyses of publication bias

Egger tests for publication bias were not significant with respect to
grey matter differences in all study results. All P values were >0.05
(Table 1).

Discussion

To our knowledge, this study is the first voxel-based meta-analysis
to investigate differences between individuals with BPD and indivi-
duals with bipolar disorder in neuroimaging studies across the
entire brain.We compared results to identify both common and dif-
ferent patterns of GMV alterations. We found that the two condi-
tions were substantially different and shared similar patterns of
lower volume only in the right medial OFC. However, decreased
volume of OFC was partly mediated by patient age in the BPD

group. Decreased GMD and GMV of the bilateral amygdala and
right parahippocampal gyrus were consistently found in BPD.28,45

In contrast, the right insula, right thalamus and right putamen
were differently affected in bipolar disorder. Our results indicate
that the two disorders are associated with spatially distinct patterns
of brain structure.

Overviewof emotion dysregulation theory in BPD versus
bipolar disorder

As emotion dysregulation is a core feature of both bipolar disorder
and BPD, it can make these two disorders often indistinguishable.46

However, differing emotion regulation profiles were observed
between the disorders, with emotional dysregulation in those with
BPD generally considered to be reactive and precipitated by stres-
sors or interpersonal difficulties,47 possibly reflecting behavioural
sensitisation (in which repeated exposure to a particular stressor,
such as ongoing abuse or neglect, evokes strong reactions).48 In
bipolar disorder, emotion dysregulation is considered to be more
autonomous and internally driven, and also less reactive to psycho-
social cues.47 Although cognitive and emotion domains are typically
studied independently, basic research and emergent findings in
bipolar disorder suggest that there are important ties between cog-
nitive deficits and the emotion disturbances observed in bipolar dis-
order.49 A large body of behavioural and neural studies suggests that
effective emotion regulation rests on strong executive function, and
particularly inhibition.50 In accordance with previous BPD and
bipolar disorder literature review, our structural neuroimaging
results are quite in consistent with the different emotion regulation
strategies described above, and we discuss them in detail below.

BPD-specific brain volume abnormality

Disturbed interpersonal relationships and affect regulation are fun-
damental aspects of BPD.51 The amygdala plays important roles in
modulating vigilance and generating negative emotional states and
is often abnormally reactive in BPD.52 Compared with healthy
controls, patients with BPD showed greater amygdala activation,
particularly in response to repeated emotional stimuli, and a pro-
longed return to baseline for overall blood oxygen level–dependent
response averaged across all pictures.53 The decreased amygdala

Table 1 Regional differences in grey matter volume between individuals with BPD and healthy controls and individuals with bipolar disorder and healthy
controls

MNI
coordinates Z

P
value

Bonferroni-
corrected
P value* Voxels Clusters

Jackknife
sensitivity
analysis

Egger test
P value

BPD > healthy
controls

6, −48, 34 1.511 <0.001 <0.001 1219 Right praecuneus, left praecuneus, right median
cingulate/ paracingulate gyri, left posterior
cingulate gyrus, right posterior cingulate
gyrus

12 in 13 0.831

BPD < healthy
controls

−4, 32, −18 −2.351 <0.001 0.001 1287 Medial orbital frontal gyrus, anterior cingulated
cortex

11 in 13 0.825

−28, 0, −18 −1.964 0.001 0.015 298 Left amygdala 9 in 13 0.070
24, 0, −20 −1.910 0.001 0.020 252 Right amygdala, right parahippocampal gyrus 9 in 13 0.111

Bipolar
disorder <
healthy
controls

6, −10, 4, −2.074 <0.001 0.028 445 Right thalamus 47 in 47 0.709

6, 50, −12 −2.347 <0.001 0.014 263 Medial orbital frontal gyrus, BA 11 47 in 47 0.965
48, 2, 2 −2.554 <0.001 0.008 151 Right insula, BA 48 47 in 47 0.145

Bipolar
disorder >
healthy
controls

30, 2, 0 1.097 <0.001 0.001 572 Right putamen 47 in 47 0.886

BPD, borderline personality disorder; MNI, Montreal Neurological Institute; BA, Brodmann area.
* P values were corrected by multiplying the contrasts number with the uncorrected P values.

Yu et al

398
https://doi.org/10.1192/bjp.2019.44 Published online by Cambridge University Press

https://doi.org/10.1192/bjp.2019.44


0.2

(a)

(b)

(c)

(d)

(f)

(e)

0.0
25 30

Mean age

35 40
–0.2

–0.4

–0.6

–0.8

Es
tim

at
e

0.2

0.0
0.2 0.4 0.6

Female precentage

0.8 1.0

–0.2

Es
tim

at
e

1.0

0.0

0.5

10 20

Mean YMRS scores

30

–0.5

Es
tim

at
e

Fig. 2 Meta-analysis results. (a) Results of borderline personality disorder (BPD) meta-analysis. (b) Results of meta-regression with age in BPD.
(c) Results of bipolar disorder meta-analysis. (d) Results of meta-regressions with Young Manic Rating Scale (YMRS) scores in bipolar disorder.
(e) Results of meta-regression with gender in bipolar disorder. (f) Results of the conjunction analysis showing regions with similar volumetric
alterations in both conditions. Blue represents lower volume in both conditions relative to controls; red represents greater volume relative to
controls or negative relationships with regressors. In meta-regression plots, point size represents study weights. All images are shown in
neurological convention; the left of the image corresponds to left of the brain. Effect sizes represent effect sizes at the peak of the cluster.
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volume here we found might be the structural basis for the
functional abnormalities as previously described by O’Neill and
Frodl.54 The adjacent parahippocampal gyrus projects to the hippo-
campus and the limbic circuit, and plays a role in memory encoding
and retrieval, especially with regard to retrieving information about
familiarity of scenes. It also plays a role in identifying sarcasm in
verbal communication.55 Retrieval of specific and positive autobio-
graphical memories, a function of the hippocampus, is impaired in
BPD and is related to poor problem-solving.56 During an emotional
crisis, this associative memory function enables a person to envision
positive outcomes based on past experiences.57 The subcortical area
abnormalities we found in BPD are quite inconsistent with the pre-
vious published meta-analysis. In 2012, Ruocco et al45 reported that
the bilateral volumes of amygdala and hippocampus were modestly
reduced in BPD, which cannot be attributed to illness state or
comorbid psychopathology.

Studies in healthy controls suggested intact coupling between
prefrontal cortex, particularly the ventral prefrontal cortex, and
amygdala, the parahippocampal gyrus may be the neural substrate
for downregulation of the amygdala in response to aversive
stimuli.58 The absence of such close coupling in patients with
BPD, indicated by the lack of significant correlations between
the OFC and amygdala/parahippocampal gyrus, suggests a discon-
nect between the OFC and limbic areas, which may explain the
failure of patients with BPD to downregulate the subcortical areas
in response to aversive stimuli.59 It is likely that the mPFC
volume deficit is partly mediated by age and that the affected
higher-order brain areas are not as pervasive as in bipolar disorder.
The less-affected higher-order cortical cortex might explain why
patients with BPD benefit from treatments targeting emotion
recognition.60

Bipolar disorder–related brain volume abnormality

Our results are consistent with previous studies performed in
patients with bipolar disorder and affective disorders.25,61 Wise
et al reported abnormal GMV changes in mPFC systems, the
insula and limbic areas in bipolar disorder,25 and Phillips et al pro-
posed the theory that in mood dysregulation in affective disorders,
differences in the brain regions amygdala, insula, ventral striatum,
ACC and prefrontal cortex may lead to the aberrant mood
states.61 The insular cortex has recently become an area of focus
in psychiatric research, particularly the anterior insula cortex
(AIC). This region is involved in a range of functions, including
affective processing and awareness of bodily states.62,63 Atypical
functioning of this region in affective disorders has been found
in functional neuroimaging research and convergent evidence
indicates insular abnormalities in bipolar disorder.64,65 Our
finding of smaller insular volume in patients with bipolar disorder
suggests that structural abnormalities are present in the same
areas in which altered function has also been identified previously,
and may imply impairment of insula functioning, leading to abnor-
mal cognitive and visceral responses to negative emotional
stimuli.66

The thalamus serves as a relay station within forebrain circuits
to the cerebral cortex and to limbic structures.67 It has been increas-
ingly implicated in emotional and cognitive processing, particularly
via cortico-basal ganglia and cortico-thalamic circuits, and appears
to play important roles in executive functions that are commonly
impaired in psychotic conditions.68 Functional connectivity data
have also shown functional connections between the thalamus
and anterior insula,69 and the connections between the AIC and
thalamus suggest that the AIC is involved in modulation of thalamic
function. Our results further confirm previous studies reporting that
thalamic dysfunction is combined with insula abnormalities, which

is associated with aberrant emotional, cognitive and social behav-
iour in bipolar disorder.70 Our meta-analysis showed increased
GMD and GMV of the striatum and is positively correlated with
YMRS scores. Therefore, increased volume of putamen is very
likely a state effect. The results are also consistent with clinical
observations that patients with bipolar disorder have enhanced
reward intensity.71

We also found decreased GMV andGMDofOFC in bipolar dis-
order. Rodent and primate studies indicate that the OFC is involved
in the assessment of emotional significance and reward potential of
stimuli, and regulates the amygdala.71,72 Abnormalities in this
system can cause an inability to assess emotional significance of
stimuli, leading to inappropriate emotional responses and impulsive
behaviour.73 In our results, we found decreased OFC volume in
patients with bipolar disorder, which was more severe in female
patients, consistent with previous evidence showing that female
patients with bipolar disorder report higher levels of both positive
and negative affect over time.74 Our data partially support the
hypothesis that mood disorder represents a decrease in cortical acti-
vation and increase in limbic activation, but also highlights a more
complex and nuanced picture that differs across mood states/traits
and cortical subregions.

Common affected medial OFC in BPD and bipolar
disorder

Our finding of OFC deficits in both clinical groupsmay indicate that
these changes are not BPD-specific but rather imply a general bio-
logical vulnerability to the development of psychiatric distur-
bances.75 For instance, deficits in OFC areas are shared with other
psychiatric disorders like depression72,76 and addiction disor-
ders.77,78 Thus, it may be hypothesised that BPD could be a
frontal-deficit spectrum disease that shares frontal deficits with dis-
orders other than bipolar disorder. Our finding of prefrontal deficits
may be less of an endophenotypic pattern for a specific diagnosis,
but may instead represent a pattern that reflects dysfunctioning of
cognitive abilities (like attention, working memory and declarative
memory), which impairs the capacity to control emotions
(129,130). However, further longitudinal studies that over the
time course of the disease are needed to verify whether the
pattern of changes in brain morphology is unique for BPD.
Longitudinal development in BPD should then be compared with
longitudinal developments in other disorders.75

Limitations

There are several limitations to this study. The first limitation comes
from the SDM VBM method, as it was based on peak coordinates
and effect sizes from published studies rather than raw statistical
brain maps, which may result in less accurate findings.31 To date,
there have been few VBM studies directly comparing bipolar dis-
order and BPD, making it difficult to draw definitive conclusions
on similarities and differences. In addition, by using the SDM
VBM method we cannot exclude the possibility that our finding
of abnormal subcortical areas (i.e. abnormal parahippocampal
gyrus and amygdala volumes in BPD) but no differences in amyg-
dala volume in bipolar disorder may be due to the edge effects or
reduced sensitivity of whole-brain VBM analyses in small regions,
such as the hippocampus and amygdala.79 Manual segmentation
remains the gold standard for analysing subcortical structures like
the hippocampus and the amygdala. However, this method has lim-
itations, such as obtaining each ROI in the native space without
image transformation, as well as being operator-dependent and
highly time-consuming.80 Other popular method-automatic seg-
mentation, such as the ROI-based approach by FreeSurfer, is
increasingly accepted. Even for small regions, entirely automated
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use of FreeSurfer is acceptable in large data-sets. However, the
approach used in this meta-analysis, although indirectly comparing
studies’ effect sizes, offers the most viable option that allows for con-
clusions generalisable beyond individual studies. Furthermore,
given the robustness of the meta-analytic method, our results
provide a summary of the most reliable differences observed
between bipolar disorder and BPD.

The second limitation is the lack of heterogeneity analysis across
the patient populations. Clinical differentiation is seemingly more
difficult in differentiating BPD from the bipolar disorder type 2
subtype.81 However, within the studies included in this analysis,
only one included the bipolar disorder type 2 samples in their ana-
lysis,82 so we cannot perform a subgroup analysis directly by divid-
ing the bipolar disorder group into type 1 and 2 subtypes.
Furthermore, the prevalence of psychosis in BPD and bipolar dis-
order groups could significantly contribute to the differences
reported in this study because of the comorbidity between psychosis
and both groups.83 Further studies should be performed using sub-
group analysis considering the issues of comorbidities.

Third, we cannot determine causality from these results because
all studies were cross-sectional group comparisons. It is unclear
whether these alterations are part of the genetic pathogenesis of
these disorders or a consequence of illness.25 In addition, given
that psychotropic medications and psychotherapy can have demon-
strable effects on brain structure,84,85 it is difficult to be certain that
results are not entirely independent from treatment status. To solve
these issues, longitudinal and clinical trials focusing on treatment
effects are needed in future studies.

Finally, several studies reported GMD rather than volume. The
mean GMD is derived from the percentage of absolute GMV
divided by total brain volume. This might result in different loca-
tions of deficit areas from results achieved by VBM measurements
of GMV.86

In conclusion, BPD and bipolar disorder show distinct patterns
of GMV abnormalities in a number of regions. Differences were pre-
dominantly observed in the amygdala and parahippocampal gyrus
in BPD and the cortical-thalamic-striatal circuit in bipolar disorder.
Although there is significant heterogeneity within these results, this
was partially explained by clinical and demographic differences in
clinical samples. These findings suggest new targets for neuroana-
tomical diagnostic biomarkers. They do not suggest that BPD falls
within the bipolar spectrum.
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