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Although neurobiological mechanisms of bipolar disorder (BD) are still unclear, neural models of the disease have
recently been conceptualised thanks to neuroimaging. Indeed, magnetic resonance imaging (MRI) studies investigating
structural and functional connectivity between different areas of the brain suggest an altered prefrontal–limbic coupling
leading to disrupted emotional processing in BD, including uncinate fasciculus, amygdala, parahippocampal cortex,
cingulate cortex as well corpus callosum. Specifically, these models assume an altered prefrontal control over a hyper-
activity of the subcortical limbic structures implicated in automatic emotional processing. This impaired mechanism
may finally trigger emotional hyper-reactivity and mood episodes. In this review, we first summarised some key neu-
roimaging studies on BD. In the second part of the work, we focused on the heterogeneity of the available studies. This
variability is partly due to methodological factors (i.e., small sample size) and differences among studies (i.e., MRI
acquisition and post-processing analyses) and partly to the clinical heterogeneity of BD. We finally outlined how epi-
demiological studies should indicate which risk factors and clinical dimensions of BD are relevant to be studied with
neuroimaging in order to reduce heterogeneity and go beyond diagnostic categories.
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Neurobiological mechanisms of bipolar disorder (BD)
are still unclear and subject to debate. One way to

decipher these mechanisms is the use of neuroimaging.
Magnetic resonance imaging (MRI) and positron emis-
sion tomography (PET) both allow the study of struc-
tural and functional alterations in BD. Structural
neuroimaging techniques include anatomical T1 and
diffusion weighted MRI. Studies of BD patients with
T1 MRI revealed alterations in volume of prefrontal
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and limbic regions such as the amygdala, the parahip-
pocampal and the cingulate cortices (Houenou et al.
2012). Diffusion MRI studies identified in BD micro-
structural white matter abnormalities in prefrontal–
limbic (uncinate), limbic (cingulum) and also callosal
tracts (Sarrazin et al. 2014). Most of the functional neu-
roimaging studies used emotion processing paradigms
during functional MRI (fMRI) and generally reported
hyperactivity of the subcortical limbic structures asso-
ciated with a hypoactivation of prefrontal cortices,
even in euthymic patients (Delvecchio et al. 2013).
These results have led to the conceptualisation of neural
models of BD (Table 1): in response to emotional stimuli,
these models assume a hyperactivity of the subcortical
limbic structures implicated in automatic emotional pro-
cessing (such as the amygdala and the parahippocampal
cortex). Owing to altered structural and functional
connectivity between ventral prefrontal networks and
these limbic regions, the modulation of the activity of
the amygdala by the prefrontal cortices would be
inefficient. This altered prefrontal control over an over-
active limbic system may trigger emotional hyper-
reactivity and mood episodes (Phillips & Swartz, 2014).

Despite these promising results and neural models
of BD, several caveats remain. The aetiology of the
identified abnormalities (genetic or environmental;
neurodevelopmental or neurodegenerative) is one
of these. Their specificity (as compared to unipolar
depression or schizophrenia) is a second one.
Another unsolved issue is the heterogeneity of the
results between studies. Recent meta-analytic analyses
identified this heterogeneity as large (Selvaraj et al.
2012). Three types of factors can explain it: first, the
small samples used lead to the inflation of type I
error (false positives) and low reproducibility of the
results (Button et al. 2013). Second, methodological fac-
tors such as different MRI scanners, field strengths,
acquisition sequences or processing software can lead
to different results between studies. Third, clinical dif-
ferences between the samples may account for a sig-
nificant proportion of this heterogeneity. Potential
different subtypes of BD can arise from various clinical
features: differences in age at onset, presence/absence
of suicide attempts, BD type I or II, presence/absence
of psychotic symptoms during episode, variability in
emotional reactivity, medication effects (lithium is sup-
posed to have a neuroprotective effect), comorbidities
(especially substance use and anxiety disorders), pres-
ence/absence of family history of mood disorders or
presence/absence of environmental factors, such as
childhood trauma, urbanicity during upbringing,
migration. The potential sources of clinical heterogen-
eity are thus numerous and diverse.

We suggest two different strategies to understand
the link between these clinical factors and brain

alterations. First, the recruitment of very large samples
will allow the study of this link in BD. To this regard, a
few recent studies have used sample sizes N > 100
which had the statistical power to explore the impact
of psychotic symptoms (Brandt et al. 2014; Sarrazin
et al. 2014). Their results support that BD with psychot-
ic features may be a subtype of BD with specific
neurobiological basis, evidenced by poorer white mat-
ter integrity. Second, we suggest the use of innovative
clinical approaches for phenotyping samples in neuroi-
maging studies. Among these, one of the most promis-
ing is the dimensional clinical assessment of BD and
related disorders. Its aim is to identify biologically
based clinical dimensions that will be more relevant
to the study of BD and should be independent of diag-
nostic categories. The National Institute of Mental
Health has recently advocated for this strategy, with
its Research Domain Criteria initiative. A very recent
study found that fractional anisotropy (a measure of
the integrity of white matter tracts) in the left superior
longitudinal fasciculus correlated with the ‘Schizo-
Bipolar scale’ across diagnoses of schizophrenia or
BD with psychotic features. This scale is a measure
of the dimensional continuum between schizophrenia
and BD (Skudlarski et al. 2013). This shows the feasibil-
ity of correlating a dimensional measure to a neuroi-
maging variable across diagnoses. Another example
is executive dysfunction: Shpeherd et al. recently
found that patients (with BD or schizophrenia) with
executive deficits had grey matter reduction in frontal
and precentral gyri compared to patients without
executive dysfunction (Shepherd et al. 2014).

The choice of the pertinent clinical dimensions to cor-
relate with MRI data is determinant. Despite increasing
sample sizes, neuroimaging studies will not be able to
test many dimensions, due to multiple comparison
issues and feasibility reasons. Epidemiological and clin-
ical studies will thus have a critical role in suggesting
what may be the ‘core’ clinical dimensions to study.
One example is the recent identification of emotional
hyper-reactivity as a candidate of such a biologically
based core dimension of mood disorders (Phillips &
Kupfer, 2013). Several lines of evidence point towards
a critical role of emotional reactivity in BD and mood
switches. Emotional reactivity is increased in patients
with BD across thymic states, but also in other disor-
ders such as borderline personality. Studies on neuroti-
cism (that can be conceptualised as emotional
reactivity to negative stimuli) suggest that emotional
reactivity to negative stimuli is associated with neuro-
anatomical and functional characteristics in the limbic
network. It remains to be tested if emotional reactivity
is a clinical dimension associated with changes in the
limbic system across diagnoses. Another example of
this approach is the recent identification of neural

118 J. Houenou et al.



correlates of the epidemiological risk factors for schizo-
phrenia such as urban upbringing, migration, cannabis
use or childhood trauma (Lederbogen et al. 2011).
Although most of these risk factors are shared with
BD, we still do not know if these neural correlates
are valid across diagnoses.

In conclusion, neuroimaging studies have allowed
us to build models of the neural mechanisms of BD.
A deeper understanding of how risk factors and clinical
dimensions impact the brain and lead to mental
disorders such as BD necessitate a strong collaboration
between epidemiologists, clinicians and neuroscientists.
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Table 1. Some selected key neuroimaging studies and models of BD

Study Method/sample
Main results in patients with BD

compared with controls Interest

Brandt et al.
(2014)

Working memory (n-back) fMRI
study in 100 patients with BD,
100 patients with
schizophrenia and 100
controls

Patients with BD had intermediate
activation (between patients with
schizophrenia and controls).
History of psychosis in BD was
associated with brain activation

Large sample size
Evidence from fMRI for history of
psychosis in BD as a relevant
phenotype

Delvecchio
et al. (2013)

Meta-analysis of 29 studies on
affect processing fMRI studies
in BD or schizophrenia

Overactivation within the
parahippocampus/amygdala and
reduced engagement in the
prefrontal cortex

Discusses the diagnosis specificity
of fMRI findings in BD compared
to schizophrenia (in which
underactivation in the limbic
network was found)

Houenou
et al. (2012)

Meta-analyses of 15 VBM and 13
emotional processing fMRI
studies

Increased activation in ventral limbic
regions; decreased activation and
diminution of grey matter in a
cortical cognitive network

Summarises the previous literature
and supports neural models
of BD

Phillips &
Swartz
(2014)

Critical review of the
neuroimaging literature of BD

Dysfunction in prefrontal cortical,
subcortical limbic and reward
processing networks

One of the most recent neural
models of BD

Stresses the abnormalities present in
brain circuits in BD

Sarrazin et al.
(2014)

Whole brain tractography study
of 118 patients and 86 controls

Decreased FA in the corpus callosum,
cingulum and arcuate. Patients with
psychotic features had a lower
mean FA value than those without
in the corpus callosum

Large sample size
Brings evidence for BD with
psychotic features as a specific
subtype

Selvaraj et al.
(2012)

Meta-analysis of 16 VBM studies
in BD

Reduced grey matter in a single
cluster (right ventral prefrontal
cortex, insula, temporal cortex,
claustrum). Large between-studies
heterogeneity throughout the brain

Demonstrates the heterogeneity
between structural studies in BD

Skudlarski
et al. (2013)

Diffusion MRI study in 513
subjects including patients
with psychotic BD,
schizophrenia and their
relatives

Lower FA in multiple regions. FA in
the left superior longitudinal
fasciculus correlated with the
‘Schizo-Bipolar scale’ across
diagnoses

Shows the interest of correlating a
dimensional measure to a
neuroimaging variable across
diagnoses

BD, bipolar disorder; FA, fractional anisotropy; VBM, voxel-based morphometry.
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