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Background: Bipolar disorder heterogeneity is large, leading to difficulties in identifying neuropatho-
physiological and etiological mechanisms and hindering the formation of clinically homogeneous patient
groups in clinical trials. Identifying markers of clinically more homogeneous groups would help disen-
tangle BD heterogeneity. Neuroimaging may aid in identifying such groups by highlighting specific
biomarkers of BD subtypes or clinical dimensions.

Methods: We performed a systematic literature search of the neuroimaging literature assessing bio-

Keywords: markers of relevant BD phenotypes (type-I vs. II, presence vs. absence of psychotic features, suicidal
Bipolar disorder behavior and impulsivity, rapid cycling, good vs. poor medication response, age at onset, cognitive
Hﬁef‘?ge”e_ity performance and circadian abnormalities).
m{;m'm"‘gmg Results: Consistent biomarkers were associated with suicidal behavior, i.e. frontal/anterior alterations
Sub-types (prefrontal and cingulate grey matter, prefrontal white matter) in patients with a history of suicide at-
Dimension tempts; and with cognitive performance, i.e. involvement of frontal and temporal regions, superior and
inferior longitudinal fasciculus, right thalamic radiation, and corpus callosum in executive dysfunctions.
For the other dimensions and sub-types studied, no consistent biomarkers were identified.
Limitations: Studies were heterogeneous both in methodology and outcome.
Conclusions: Though theoretically promising, neuroimaging has not yet proven capable of disentangling
subtypes and dimensions of bipolar disorder, due to high between-study heterogeneity. We issue re-
commendations for future studies.
© 2016 Elsevier B.V. All rights reserved.
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1. Introduction

Current definitions of bipolar disorder (BD) reflect a clinically
and etiologically heterogeneous entity, covering complex and
heterogeneous phenotypes (Hdgele et al., 2015; Hasler and Wolf,
2015). This may explain the difficulties in forming clinically
homogeneous patient groups in clinical trials, leading to only
partial effectiveness of current psychotropic treatments and to
difficulties identifying neuropathophysiological mechanisms or
genetic factors underlying BD (Cuthbert and Insel, 2013).

Although the etiology of BD remains largely uncertain, a
growing body of literature seeks to highlight specific biomarkers
of this disorder. A biomarker is “a characteristic that is objectively
measured and evaluated as an indicator of normal biological
processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention” (Frey et al., 2013). Awareness of these
biomarkers would help clinicians understand underlying neuro-
pathophysiological processes corresponding to neural circuit ab-
normalities (Hdagele et al., 2015; Insel et al.,, 2010; Phillips and
Kupfer, 2013).

Neuroimaging, and specifically magnetic resonance imaging
(MRI) shows promise in the search for these biomarkers. However,
because results of MRI studies comparing patients with BD and
healthy subjects are inconsistent, they have not led to a clear
picture of the neuropathophysiological processes underlying BD
(Phillips and Kupfer, 2013; Selvaraj et al., 2012). Studies including
clinically more homogeneous subject groups would aid in deci-
phering BD heterogeneity, but require innovative approaches to
identify these subgroups of patients (Houenou et al., 2015). Two
approaches that would help achieve this goal are dimensional
clinical assessment and clearly defined sub-typing of BD.

One approach, a dimensional clinical assessment of BD, is
useful because for one given clinical syndrome, patients with the
same diagnosis (e.g., bipolar depression) may have opposite
symptoms (e.g., increased or decreased appetite; insomnia or hy-
persomnia; psychomotor retardation or agitation...). This phe-
nomenon leads to the formation of heterogeneous groups of pa-
tients (Casey et al., 2013). A dimensional approach, such as the
Research Domain Criteria (RDoC) project proposed by the US Na-
tional Institute of Mental Health, may help to solve this issue by
overstepping the boundaries between different diagnostic cate-
gories to “develop, for research purposes, new ways of classifying
mental disorders based on dimensions of observable behavior and
neurobiological measures.” (http://www.nimh.nih.gov/research-
priorities/rdoc/index.shtml).

Another approach is to sub-categorize BD into clinically defined
sub-types. Although the Diagnostic and Statistical Manual of
Mental Disorders, Fifth Edition (DSM-5) (American Psychiatric
Association, 2013) defines several categories of BD (type I or II,
presence or absence of psychotic features and with or without
rapid cycling), many others could be identified, including the
presence or absence of suicide attempts, differences in age at onset
and predominant polarity (Henry and Etain, 2010; Houenou et al.,
2015). However, even if these classifications have phenomen-
ological relevance, we do not know at this time if any are biolo-
gically relevant. Nor is it clear if they could increase specificity in

neuroimaging data and thus help identify the neuropathophysio-
logical mechanisms underlying BD. Working toward answering
these questions, we aim to perform a review of the current lit-
erature, which attempts to identify such neuroimaging-based po-
tential biomarkers of relevant BD phenotype.

2. Methods

One challenge we faced was to define the “core” clinical di-
mensions and sub-categories related to specific neuroanatomical
or functional markers in BD (Houenou et al., 2015). Based on the
literature and main models of BD (Phillips and Kupfer, 2013;
Houenou et al., 2015), we selected sub-types and clinical dimen-
sions commonly used in epidemiological and clinical studies. This
resulted in six sub-types: history of psychotic features (PF), type (I
or II), rapid cycling, history of suicide attempts (SA), response to
medication and age at illness onset (AAO-early, intermediate or
late); and three dimensions: impulsivity, circadian rhythm ab-
normalities and cognitive performance.

After defining the sub-groups and clinical dimensions, we
searched the online PubMed database for relevant literature. We
reviewed English-language studies published before July 2015,
using systematic combinations of the keywords “neuroimaging”,
and “bipolar”, with each dimension or sub-type. Studies con-
sidered for inclusion used a neuroimaging tool, specifically struc-
tural magnetic resonance imaging (sMRI), functional MRI (fMRI),
diffusion tensor imaging (DTI), single photon emission computed
tomography (SPECT) or positron emission tomography (PET) and
compared bipolar patients (BP) according to the different sub-
types or along different dimensional levels. We also checked these
articles’ reference lists and considered literature reviews. Our
method resulted in two types of studies considered, those using a
categorical approach (e.g., brain volumes of patients with versus
without rapid-cycling), and those using a dimensional approach
(e.g., correlation between brain volumes and impulsivity score of
patients with BD).

Once we identified the relevant literature, we checked that, in
their analysis and interpretation, each took into account the vari-
ables most likely to cause bias in neuroimaging (i.e. age, sex; mood
state, consumption of substances status, illness duration and
psychotropic medication status). For white matter hyperintensities
(WMH) and DTI studies, we specifically checked whether they
controlled for cardiovascular risk factors. These risks are associated
with WMH in the general population (Murray et al., 2005) and so
may particularly affect DTI results (Jones et al., 1999).

3. Results

Overall, we identified 63 studies that fit our inclusion criteria.
Tables 1-6 show detailed results of each study, that we also
summarized in Figs. 1-6. For each, we specify neuroimaging
technique, neuroimaging approach (e.g. whole brain or regions of
interest) when relevant, methodology and main results with effect
sizes if available. We also comment on potential methodological
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