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Abstract
Recent Findings In the last decades, many neuroimaging studies have investigated the brain structural deficits associated with the
pathophysiology of Bipolar Disorder (BD). Notably, the available literature identified the presence of selective brain structural
abnormalities, in terms of both gray matter (GM) and white matter, known to be involved in emotion regulation and processing.
Nonetheless, the complex and heterogeneous nature of BD has not yet allowed the identification of a clear biological signature of
this disorder.
Purpose of Review In this context, this review aims to a) briefly summarize the evidence from structural Magnetic Resonance
Imaging (MRI) studies on BD in order to provide a clearer picture of the neural circuits involved in this disabling mental illness,
and b) describe some critical clinical issues that need to be taken into account when studying BD, especially the history of
psychosis and the link between BD and behavioral variant fronto-temporal dementia (bvFTD).
Summary Evidence from structural MRI studies on BD suggests ventricular, prefrontal and temporal abnormalities but remain
largely inconsistent, possibly reflecting the disorder complexity. Moreover, the reviewed evidence showed that psychotic BD
might represent a subtype of the disorder with specific and enhanced alterations of GM morphology. Finally, from the available
MRI evidence exploring the relationship between BD and bvFTD emerged the need of a differential identification of biological
markers to enable the early and accurate detection of the two disorders, ultimately guaranteeing a better prognosis and the
employment of more targeted and effective treatments.

Keywords Bipolar disorder . Magnetic resonance imaging . Psychosis . Behavioral variant fronto-temporal dementia . Gray
matter .White matter

Introduction

Bipolar Disorder (BD) is a chronic and recurrent psychiatric
illness characterized bymood fluctuation, ranging from severe
depression to extreme euphoria, known as episodes of mania,
which have a negative impact on quality of life and are asso-
ciated with high levels of disability and mortality [1]. BD is a
disease that transitioned between states, possibly due to a dis-
ruption in brain activity, which could normalize after the im-
plementation of pharmacological treatments [2]. Moreover,
BD is a complex disease that derives from the interaction of
a genetic susceptibility, still not entirely determined, with bi-
ological, psychological and environmental factors.
Importantly, it has been also consistently suggested that this
disorder shows state- and trait-related cognitive and emotional
deficits, especially in attention, executive functions, and
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emotional processing, that further exacerbate its clinical pro-
file [3]. Interestingly, these deficits are present during the
mood episodes and during euthymia [3, 4]. Moreover, since
BD is a brain-based disorder, in the last decades, the scientific
community has tried to identify the potential biomarkers as-
sociated with BD phenotype, through Magnetic Resonance
Imaging (MRI) approaches, with the final aim of increasing
the knowledge on the pathophysiology of the disease. Indeed,
non-invasive neuroimaging methods enable the investigation
of brain structure, connectivity and function with high accu-
racy, ultimately making it feasible to identify biological un-
derpinnings of mental disorders. This is of paramount impor-
tance since the discovery of selective biomarkers associated
with a specific disorder might be translated into clinical use,
especially for early diagnosis and intervention as well as for
the identification of more effective and targeted pharmacolog-
ical treatments.

The clinical heterogeneity of BD represents a major obsta-
cle in the search for the neurobiological bases of this complex
disorder. Although a neural circuit that includes prefrontal
regions, including dorso- and ventro-lateral prefrontal cortices
(PFC), and subcortical areas, including amygdala, hippocam-
pus and ventral striatum, seems to play a key role in the path-
ophysiology of the disorder, especially because these struc-
tures are involved in the processing and regulation of emo-
tional stimuli [5, 6, 7••, 8], the results are still far to be
conclusive.

However, we are still far from the identification of selec-
tive biomarkers specifically associated with BD for mainly
two reasons, one methodological and one clinical. First, the
availableMRI studies employed a variety ofmethodological
approaches (e.g., different MRI scanners, voxel-based vs.
region-based approaches, different statistical significance
thresholds) that determine difficulties in comparing the evi-
dence between studies and resulted in heterogeneous find-
ings.Second,BDshares clinical symptomsandneurobiolog-
ical aspects with other psychiatric disorders and it has a het-
erogeneous nature in terms of its clinical presentation, ulti-
mately challenging the identification of specific brain abnor-
malities associated with the disorder. Therefore, in recent
years, international collaborations for the study of BD (for
example, the ENIGMABDworking group and theEuropean
Network on Psychosis, Affective disorders and Cognitive
Trajectory [ENPACT] network) were formed in order to
identify brain structural deficits that may consistently differ-
entiate BD patients from healthy individuals [7••, 8, 9] and
schizophrenia patients [9]. Although the ENIGMA results
represent the most robust evidence on structural brain differ-
ences in BD compared to healthy subjects, their reliability
might still be affected by the several sources of heterogeneity
within the analyzeddataset, concerningboth acquisition pro-
tocols andpatient characteristics.Amore reliable knowledge
might be obtained by accounting for the non-unitary entity of

this disorder in the framework of the Research Domain
Criteria (RDoC) [10].

In this context, the main aims of this critical review are
threefold. First, we provide an overview of gray matter
(GM) and white matter (WM) alterations associated with
BD in order to explore the biological underpinning of BD.
Second, by adopting a dimensional perspective, we describe
the impact of psychosis on GM volumes and its role in exac-
erbating the BD clinical phenotype. Finally, we aim at eluci-
dating the complex relationship between dementia and prima-
ry psychiatric illnesses, since it is still a neglected area of
interest. Specifically, we describe the common and distinct
brain structural abnormalities associated with elderly BD pa-
tients and behavioral variant frontotemporal dementia
(bvFTD) reported by the available MRI studies.

Structural Brain Abnormalities in Bipolar
Disorder: Main Findings from T1-Weighted
and DTI Studies

Many studies investigated brain morphology in BD using
structural MRI, and in particular T1-weighted MRI Imaging.
This technique is particularly sensitive to structural details and
allows a precise quantification of GM and WM structures.
After more than three decades since the first MRI studies on
BD [11], despite the numerous efforts being made, the results
continue to be somewhat discordant. Indeed, mixed findings
concerning cortical and subcortical structures have emerged,
which could be explained considering differences in the study
protocols and methodology, the clinical heterogeneity of BD
patients, in terms of symptoms, illness severity and mood
phase, and, importantly, the employment of small sample
sizes.

Notably, the most consistent result in structural T1-weight-
ed imaging is an enlargement of ventricular volumes [12, 13],
which was also confirmed by meta- and mega-analyses [8, 11,
14]. However, the diagnostic specificity of the emerged ven-
tricular enlargement may be disputed. In fact, ventricular en-
largement is common to other disorders, such as schizophre-
nia and depression [15], therefore suggesting that this alter-
ation may not be a specific marker of BD.

Many structural MRI studies on BD focused their attention
towards the investigation of brain regions that are part of the
limbic circuitry, including hippocampus and amygdala, main-
ly due to their pivotal role in emotion regulation and mood
modulation. However, also in this case, the results are often
conflicting [2, 16]. In fact, while some studies reported signif-
icant hippocampal GM reductions in BD [8, 17], also mim-
icking accelerated aging [18], other meta-analyses and inde-
pendent MRI studies did not find any significant differences
[9, 13, 14]. This seems to be true also for the amygdala, with
meta- or mega- analyses showing no differences between BD
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patients and controls [13, 14,19] while other studies reporting
either an enlargement [20] or a reduction [8, 21, 22] of this
structure. Importantly, it has been also demonstrated that these
brain regions seem to be more sensitive to neuroprotective
effect of lithium [14, 21], thus it is reasonable to assume that
the effects of the disease may be reduced, or at least confound-
ed, by lithium.

Moreover, several studies focused on GM thickness or
shape, obtaining very heterogeneous results in terms of both
the regions involved and the directions of these modifications
[7••]. For example, differences in respect to controls have
been identified in the hippocampus [23, 24] and in the cortical
folding of structures of the limbic network, in particular the
thalamic circuit and the anterior cingulate cortex [25].
Moreover, specific modifications of cortical folding have been
found in both psychotic and early onset BD patients in the
prefrontal cortex and in the parietal cortex respectively [26].
Also, WM shape seems to be affected by BD, for example in
the cingulum, in the uncinate and arcuate fasciculi [27].
Regarding cortical thickness, many studies reported the pres-
ence of thinning in the left anterior cingulate and paracingulate
regions, the left superior temporal gyrus, and some bilateral
prefrontal regions [28]. Notably, these findings have been par-
tially confirmed by the biggest analysis carried out by the
ENIGMA-Bipolar Disorder Working Group [7••] with a sam-
ple of more than 2400 BD patients and 4000 healthy controls.
However, also in this case, these findings are not distinctive of
BD but can be found also in other psychiatric disorders, e.g.,
schizophrenia [29, 30], suggesting a possible overlap in their
pathogenesis.

In the last decade a major interest for the role of WM in
the pathophysiology of BD has grown, as WM constitutes
the brain’s connective wiring, with increasing evidence
suggesting the key role exerted by WM abnormalities in
BD [31]. Diffusion tensor imaging (DTI) allows the inves-
tigation of WM, thanks to the property of water to diffuse
in an anisotropic way in fiber bundles, as opposed to the
isotropic diffusion occurring in water and, to a lesser ex-
tent, in GM. The most straightforward method to analyze
DTI data is to fit them to a three-dimensional tensor, which
models the diffusion process. Changes in diffusion reflect
modifications in tissue integrity: trauma, demyelination or
Wallerian degeneration result in modified water diffusion.
For example, the myelin disruption underlying Wallerian
degeneration leads to a reduction in Fractional Anisotropy
(FA), which describes the degree of anisotropy of a tissue,
caused by a decrease of diffusion parallel to the fiber and
an increase of perpendicular diffusion [32]. Other DTI in-
dexes of interest are mean diffusivity (MD), which de-
scribes the intensity of water diffusion, and axial and radial
diffusivity, which measure the amount of diffusion that
occurs along the principal axis of the diffusion tensor and
perpendicularly to it, respectively [33].

Although a certain degree of heterogeneity persists also for
diffusion studies, DTI indexes have been found to be altered in
all major WM structures and bundles in BD [34•]. Region of
interest (ROI) – level analyses revealed an association of BD
with a disruption of tissue integrity, as demonstrated by a
decrease in FA and an increase in MD, especially in prefrontal
and frontal tracts [35–38], corpus callosum [39–41] and lim-
bic structures [37, 39]. Notably, a whole-brain and
tractography study also confirmed the presence of widespread
WM deficits in BD [42]. Nonetheless, similarly to what have
been stated for the T1-weighted-based findings, it is difficult to
pinpoint a specific biomarker for BD, as it shares not only
symptoms but also neurobiological aspects with other disor-
ders, including schizophrenia [43, 44] and unipolar depression
[45, 46]. Importantly, it has been suggested that medication
with mood stabilizers exerts a neuroprotective effect on tissue
integrity, with some studies reporting increased FA in frontal,
parietal, temporal and occipital areas [47, 48], suggesting an
increased coherence of fibers during remission or induced by
medication. Finally, Magioncalda et al. (2016) [49] observed a
degree of microstructure alteration related with the phase of
BD, with a gradient of disruption from the euthymic to the
depressive phase. The relation of specific phases of BD with
microstructure has, to date, been scarcely investigated, and
more studies are needed to identify the possible impact of
the disorder’s phase on tissue integrity.

The use of the tensor model, which is the model used by the
vast majority of diffusion studies, has the advantage of math-
ematical simplicity, which leads to a certain ease of
interpreting results. On the other hand, this model provides
only a limited set of parameters to be investigated, none of
which can truly directly measure WM integrity [50•].
Recently, alternative models for the study of diffusion data
have been proposed. Pasternak et al. (2018) [50•] identified
several advanced methods of analysis that have been applied
to BD. Some of these methods require the definition of
models, which for example identify multiple compartments,
as neurite orientation dispersion and density imaging
(NODDI). Others do not require models and rely on the prop-
erties of the signal itself, as diffusion spectral imaging (DSI) or
diffusion kurtosis imaging (DKI). These methods usually re-
quire non-standard diffusion acquisitions that may be difficult
to obtain in clinical settings, due to the exams’ duration and
technical difficulties, so the number of studies applying these
techniques to patients is still small. Amongst the model-based
techniques, it is worth mentioning the study by Tuozzo et al.
(2018) [51] where BD patients were found having increases in
free water, represented as a second compartment, that the au-
thors interpreted as related to acute response, possibly inflam-
mation. The NODDI model accounts for three compartments
(intracellular, extracellular and free water), and was used by
Nazeri et al. (2017) [52] for the study of diffusion in BD, but
they found no differences between BD and healthy controls in
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any compartment. Interestingly, Sarrazin et al. (2019) [53]
used the same method to investigate GM neurite density in
medicated and not-medicated BD patients, and found that pa-
tients using lithium had higher neurite density than non-
medicated patients, who, in turn, had lower neurite density
also than controls, adding to the evidence that lithium has a
neuroprotective effect on brain tissue. DSI is based on a denser
acquisition of diffusion data than standard. Generalized FA
(gFA) is a diffusion index that can be derived with this tech-
nique: it is similar to FA, but more directly linked with fiber
anisotropy, and more reliable in case of complicated fiber
architecture. Interestingly, by using this method, four studies
reported similar results and specifically a decreased gFA in
various WM tracts, including the corpus callosum, insula
and cingulum in BD patients compared to healthy controls
[54–57]. In contrast, Favre et al. (2016) [58] found no differ-
ences in any WM tracts between BD patients and controls.
Finally, the advanced technique for analysis of diffusion data
which is most used in clinical settings, although it is still
scarcely used for psychiatric disorders, is the DKI [50•],
which is a model-free method that reflects the restricted water
diffusion. Notably, recent studies employed this model and
showed lower mean kurtosis and neurite density in BD pa-
tients when compared to controls, especially in right inferior
front-occipital fasciculus, right posterior cingulate cortex, cer-
ebellum and caudate, reflecting a loss of microstructural in-
tegrity and complexity [59, 60].

In conclusion, although the application of these methodol-
ogies is still at its infancy, the use of more complex models for
diffusion data or the avoidance of strong a-priori hypotheses
may allow the study of diffusion profiles also in non-
homogeneous WM areas where fibers have complex architec-
tures, or even in GM regions, and may help to achieve a better
specificity than conventional DTI analyses.

The Impact of Psychosis on Brain
Abnormalities in BD Patients

As can be seen from the previous section, the identification of
the brain structural signatures of BD is still at the beginning.
The lack of certain knowledge might be related to the categor-
ical perspective adopted bymost studies, which compared BD
patients to healthy subjects without considering possible asso-
ciations between clinical symptoms and brain morphology
within the broad BD spectrum. Recent advancements in the
conceptualization of BD have been brought by the DSM-5,
which specifies more sub-diagnostic categories with an im-
proved dimensional approach to severity [61].

On the contrary, the adoption of a dimensional approach
might unveil biologically determined dimensions with a
strong impact on the disease trajectory. In the described sce-
nario, a relevant clinical dimension is psychosis, which is

expressed in more than one half of BD type I patients [62]
and in a lower, but non-negligible, proportion of BD type II
patients [63]. Psychotic features were found to be associated
with earlier age of disease onset, more frequent hospitaliza-
tions for manic episodes [62], enhanced cognitive dysfunction
[64], worse sociodemographic and clinical profile [65] and
poorer functional outcome [66, 67].

Psychosis has recently been proposed as a shared
transdiagnostic dimension encompassing BD, schizoaffective
disorder and schizophrenia [68]. This hypothesis is supported
by the extensive genetic overlap between BD and schizophre-
nia - with 114 genome-wide loci contributing to both the dis-
orders [69] - and by evidence of a significantly higher number
of schizophrenia polygenic risk scores in BD with psychotic
features compared to BD without psychotic features [69].

Thus, psychotic BD might represent a subtype of BD with
specific genetic and neurobiological determinants that inter-
sect the schizophrenia spectrum. This hypothesis is further
acknowledged by evidence from a recent Positron Emission
Tomography (PET) study, which found an elevated dopamine
synthesis capacity in psychotic BD, to a degree similar to that
observed in schizophrenia and proportional to psychotic
symptom severity [70]. Of note, a previousmolecular imaging
study found unaltered dopamine function in non-psychotic
manic BD patients compared to healthy controls [71], which
suggests a direct link between high dopamine synthesis capac-
ity and psychotic symptoms in BD.

Although structural MRI has been increasingly used to
investigate the brain morphological overlap between BD and
schizophrenia, a consensus on this topic has not been
achieved. Recent multicentric studies provided evidence of
wider GM deficits in schizophrenia than in BD in comparison
with healthy subjects, with common deficits mainly in cingu-
late and temporal regions [9, 72]. Meta-analytic approaches
confirmed the partial neuroanatomical overlap between the
two disorders, albeit with more extensive deficits in schizo-
phrenia [73, 74]. Nevertheless, most of these studies did not
take into account the clinical heterogeneity in BD, leaving
doubts on the nature and degree of the shared neuroanatomical
determinants.

Therefore, the stratification of BD based on psychotic
symptoms appears crucial to deepen our understanding of
brain morphological markers of BD, also in relation with other
mental illnesses. Up until now, just few research works direct-
ly compared BD individuals with vs. without psychotic symp-
toms in terms of GM structure, and evidence on the neuroan-
atomical similarity between the two BD subtypes remains
limited. The available evidence on the impact of psychosis
on GM volume in BD was recently reviewed by our group
and by Wang et al. [75, 76]. Notably, many of these studies
involved small BD samples, with less than 100 patients, or
focused on a priori selected regions of interest [77–84]. To our
knowledge, only three studies adopted an unbiased whole-
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brain approach on wider samples of patients, using either
voxel-based morphometry (VBM) [85, 86] or surface-based
regional parameters [7••].

Notably, the largest study conducted by the ENIGMA BD
working group [7••], suggested an evolution of cortical alter-
ations linked to psychosis thorough life. The authors reported
that during adolescence/young adulthood, BD patients with a
history of psychosis had lower surface area in left inferior
temporal gyrus and right caudal anterior cingulate cortex than
their non-psychotic counterpart; conversely, during adulthood
lifetime psychosis was associated with surface area deficits in
the right frontal pole.

This evidence is partially in line with findings from voxel-
based studies, suggesting a role of frontotemporal cortex in
psychosis [82, 85, 86]. Of note, frontal abnormalities have
been linked to psychoses from the prodromal stage, since we
recently found altered perfusion indexes in bilateral frontal
cortex in first-episode psychosis [87]. Furthermore, another
recent study from our group showed lower frontal cortical
complexity in both BD and schizophrenia [88]. Regarding
the temporal cortex, its renowned involvement in major psy-
choses supports the hypothesis of dimensional continuity be-
tween BD and schizophrenia through the psychotic BD sub-
type [9, 72].

Importantly, it is worth mentioning that, so far, the two
largest VBM studies found more severe volumetric deficits
in psychotic BD patients than in non-psychotic ones when
compared to healthy subjects, and agreed on the presence of
right parietal deficits in BD patients with a history of psycho-
sis compared to the other BD patients [85, 86]. In another
VBM study, the right parietal cortex was found to be specifi-
cally involved in the most severe type of psychosis, character-
ized by mood incongruent features [78]. In a multi-center
region-based investigation of cortical folding, patients with
psychotic BD showed deficits in local sulcation index in left
superior parietal cortex compared to non-psychotic ones [26].
Although no parietal deficits were linked to psychosis in the
ENIGMA study, this discrepancy might be due to the meth-
odological differences between surface-based and voxel-
based techniques and does not necessarily indicate a lower
reliability of the result.

Interestingly, the research works that compared psychotic
and non-psychotic BD in terms of subcortical morphology
reported no differences, with the exception of some reports
of increased globus pallidus [80, 84] and caudate [77] in the
psychotic group.

Although further confirmations are needed, the available
evidence suggests that psychotic BD is characterized by more
severe GM alterations than non-psychotic BD. This result is in
line with knowledge of specific psychopathological correlates
of the psychotic dimension, including earlier onset and worse
prognosis, and supports the recently advanced hypothesis of
speci f ic developmenta l pat terns , wi th enhanced

neurodevelopmental insult in psychotic vs. non psychotic
BD [26]. This subtype specific framework, in turn, might ex-
acerbate the progressive decline in mental health, social func-
tioning and cognitive performance that seems to accompany
the course of the illness, according to the theory of
neuroprogression [89].

Bipolar Disorder Vs Behavioral Variant
Fronto-Temporal Dementia: Is there
a Neurobiological Link?

Since BD has been considered a progressive condition with
functional decline over time, in recent years, the scientific
interest has also been driven towards the identification of com-
mon and distinct structural brain abnormalities associatedwith
elderly BD and bvFTD, with the final aim of designing the
clinical hallmarks of these diseases. This interest derived from
the clinical evidence showing extensive symptomatic overlaps
between these two disorders, ultimately suggesting the pres-
ence of a putative etiopathogenic link between BD and
bvFTD.

Indeed, bvFTD is a neurodegenerative disorder character-
ized by a complex symptomatology, which includes behavior-
al, cognitive, personality and psychiatric symptoms, which
may mimic the ones observed in BD patients [90]. In partic-
ular, bvFTD patients may show behavioral changes, including
disinhibition, social inappropriateness, excessive jocularity, as
well as mood disturbances, including euphoria and irritability,
all symptoms that also characterize BD patients, especially
during manic phases [91]. Therefore, it is not surprising that
bvFTD is often misdiagnosed as BD, which in turn may delay
the identification of correct treatments.

Similarly, numerous studies have consistently reported the
presence of extensive cognitive deficits in BD patients, re-
gardless of mood state, which seem to progressively increase
with age [92, 93] without being associated with prodromal
phases of dementia [93–95]. Interestingly, there is evidence
of a relation between manic episodes and prevalence of de-
mentia in elderly BD patients [96, 97], ultimately leading to
the hypothesis that BD might be a risk factor for developing
dementia [98].

Therefore, it is not surprising that in recent years the scien-
tific interest has been driven towards the study of the molec-
ular and biological pathways shared by these diseases. From a
molecular point of view, it has been reported that FTD patients
with psychiatric symptoms often were carriers of specific ge-
netic mutations, primarily the hexanucleotide expansion in
chromosome 9 (C9ORF72) [99, 100], which was also de-
scribed in patients with psychotic symptoms [101], but, to a
lesser extent, also microtubule-associated tau protein gene
(MAPT) [102] and progranulin (GRN) genes [103].
Therefore, overall these findings suggest the need of

Curr Behav Neurosci Rep (2020) 7:86–9590



performing genetic analyses in order to clearly identify the
genetic risk factors associated with the development of neu-
rodegenerative and psychiatric disorders with the final aim of
better delineating their molecular bases.

Similarly, from a biological prospective, the disambigua-
tion of these two disorders is still far from being obtained,
especially because there are no defined biomarkers, which
are, though, important for increasing the discrimination power
of clinicians during the diagnostic process. AlthoughMRI and
PET techniques have been proven very useful for discriminat-
ing bvFTD from other psychiatric disorders, their diagnostic
accuracy is still debated [104]. Indeed, although the absence
of fronto-temporal abnormalities and hypo-metabolism have
been considered key predictors of a primary psychiatric illness
versus bvFTD [105], a thorough clinical evaluation is still
paramount for distinguishing the two diagnoses. This is be-
cause these techniques are rather sensitive, especially for PET,
but still lack of specificity [104], ultimately suggesting the
need to be cautious in interpreting the MRI /PET results.

Nonetheless, despite these limitations, from the available
neuroimaging evidence on bvFTD and BD emerged that el-
derly BD and bvFTD show not only clinical similarities but
also deficits in overlapping brain regions, especially in
prefronto-temporal regions, ultimately suggesting the pres-
ence of shared brain disruptions. Specifically, for BD, evi-
dence from large sample studies suggests significant GM re-
ductions in ventro- and dorso-lateral PFC, anterior cingulate
cortex as well as other cortico-limbic regions [7••, 8, 106,
107]. Similarly, the MRI evidence on bvFTD showed the
presence of extensive GM abnormalities in cortical regions,
including frontal, parietal and temporal cortices, as well as in
subcortical structures, including striatum, amygdala and hip-
pocampus [108–110].

Also, BD and bvFTD patients seem to share commonWM
alterations. Specifically, the most replicated findings in
bvFTD were the alterations in corpus callosum, uncinate fas-
ciculus, superior longitudinal fasciculus and anterior cingulate
bundle [111–113]. Similarly, in BD, two recent VBM meta-
analyses reported the presence of WM deficits in corpus
callosum, posterior cingulum fibers, inferior longitudinal fas-
ciculus, and superior corona radiata [114, 115]. Nonetheless,
although there are many studies or case reports suggesting the
presence of clinical similarities between bvFTD and elderly
BD, only few MRI studies directly compared these two
disorders. Indeed, only two recent studies [116, 117] explored
the common and distinct brain abnormalities between elderly
BD and bvFTD. Interestingly, both studies reported that
bvFTD patients showed more extensive GM reductions in
prefronto-temporal regions compared to BD. Moreover,
Delvecchio et al. (2018) [117] also showed that GM reduc-
tions in prefrontal regions were localized in different areas, the
ventrolateral portion for BD, also observed by Baez et al.
(2017) [116], and the dorsolateral one for bvFTD. Finally,

the two studies also reported unique alterations in the striatum
in BD patients, including the caudate [117] and the putamen
[116], as well as in temporo-parietal regions in bvFTD pa-
tients [117].

Therefore, the abovementioned results suggest that the
shared symptomatology between BD and bvFTD may be ex-
plained by the presence of alterations within overlapping brain
regions. Therefore, the differential identification of biological
markers will enable the early and accurate detection of the two
disorders, ultimately guaranteeing a better prognosis and the
employment of more targeted and effective treatments.

Conclusions

In summary, evidence from structural MRI studies on BD
suggests ventricular, prefrontal and temporal abnormalities
but remains largely inconsistent, possibly reflecting the disor-
der complexity [7••, 8, 19, 118, 119]. Technical advances,
especially in diffusion imaging techniques, might allow dis-
cerning the biological basis of the disease, facilitating the di-
agnostic and prognostic processes. However, the definition of
a brain structural biomarker specific for BD does not seem a
realistic objective, due to methodological limitations and sim-
ilar patterns of structural disruption shared with other psychi-
atric conditions. Nevertheless, psychiatric neuroimaging is in
constant evolution generating new cutting-edge neuroimaging
methods enabling us to disentangle the neurobiological fun-
daments of BD.

Furthermore, it is important to mention the need to extend
our understanding of the impact of clinical variables - includ-
ing illness severity, mood phases, specific symptom dimen-
sions (e.g., psychosis) - on brain morphology, since it is still
limited. Indeed, the abovementioned evidence showed that
psychotic BD might represent a subtype of the disorder with
specific and enhanced alterations of GM morphology; the
available knowledge of the structural abnormalities in psy-
chotic BD compared to non-psychotic BD lets us hypothesize
a role of frontal, temporal and parietal regions in the psychotic
dimension that deserves further investigations. Therefore, a
deeper understanding of the brain architecture underlying psy-
chosis could increase the diagnostic and prognostic capability
and provide significant benefits for personalized clinical
management.

Finally, psychiatry neuroimaging might be a useful tool
also for identifying endophenotypes to discriminate between
BD and other psychiatric or neurological (e.g., bvFTD) disor-
ders. The identification of specific biological signatures of the
disorders may be crucial for enabling clinicians to have new
insights in the diagnosis and treatment of these illnesses.
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