Brain Imaging and Behavior (2022) 16:738-747
https://doi.org/10.1007/5s11682-021-00541-5

ORIGINAL RESEARCH q

Check for
updates

Gray matter volume covariance networks are associated with altered
emotional processing in bipolar disorder: a source-based
morphometry study

Alessandro Miola' - Nicold Trevisan' - Arcangelo Merola’ - Francesco Folena Comini' - Daniele Olivo' -
Matteo Minerva' - Silvia Valeggia' - Tommaso Toffanin' - Angela Favaro' - Renzo Manara' - Fabio Sambataro'-2

Accepted: 9 August 2021 / Published online: 21 September 2021
© The Author(s) 2021

Abstract

Widespread regional gray matter volume (GMV) alterations have been reported in bipolar disorder (BD). Structural networks,
which are thought to better reflect the complex multivariate organization of the brain, and their clinical and psychological
function have not been investigated yet in BD. 24 patients with BD type-I (BD-I), and 30 with BD type-II (BD-II), and 45
controls underwent MRI scan. Voxel-based morphometry and source-based morphometry (SBM) were performed to extract
structural covariation patterns of GMV. SBM components associated with morphometric differences were compared among
diagnoses. Executive function and emotional processing correlated with morphometric characteristics. Compared to controls,
BD-I showed reduced GMV in the temporo-insular-parieto-occipital cortex and in the culmen. An SBM component spanning
the prefrontal-temporal-occipital network exhibited significantly lower GMV in BD-I compared to controls, but not between
the other groups. The structural network covariance in BD-I was associated with the number of previous manic episodes
and with worse executive performance. Compared to BD-II, BD-I showed a loss of GMV in the temporal-occipital regions,
and this was correlated with impaired emotional processing. Altered prefrontal-temporal-occipital network structure could
reflect a neural signature associated with visuospatial processing and problem-solving impairments as well as emotional
processing and illness severity in BD-1.
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Introduction

Bipolar disorders (BD) affect up to 4% of the general popu-
lation (Merikangas et al., 2007). These disorders are often
unrecognized due to the heterogeneity of the clinical fea-
tures (Hirschfeld et al., 2003), which results in delayed
diagnosis, inadequate treatment, high medical costs, and
disability, partly due to cognitive alterations (Keck et al.,
2008). Bipolar type-I (BD-I) and type-II (BD-II) are the
major subtypes of BD: BD-I presents with more severe
and long-lasting mood symptoms along with psychosis
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and greater functioning deficits; BD-II has a more chronic
course with frequent depressive and shorter euthymic phases
(Baldessarini et al., 2000). In BD, cognitive impairment has
been reported in several domains, including attention, pro-
cessing speed, executive functions, and memory (Bora &
Ozerdem, 2017) as well as in hot cognition, (Isik Ulusoy
et al., 2020). Cognitive deficits are stable and relatively inde-
pendent of mood changes and can be detected in 40-60% of
euthymic patients (Srivastava et al., 2019). BD-I has more
severe and global impairment when compared with BD-II,
albeit negative results have been reported (Bora, 2018).
Neuroimaging literature has reported anatomical altera-
tions in several regions. Previous meta-analyses of voxel-
based morphometry (VBM) studies in BD indicated reduced
gray matter volume (GMYV) in the frontal-insular cortex and
temporal regions (Bora et al., 2012). A further meta-analysis
of 50 studies, revealed reduced GMYV in the prefrontal cor-
tex, temporal cortex, insula, and anterior cingulate cortex in
BD (Wang et al., 2019). Few small studies have investigated
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BD subtype differences showing shared GMV alterations
that are less pronounced in BD-II (Maller et al., 2014; Abe
et al. 2016). However, a large multisite study found no differ-
ences in cortical thickness and surface area between BD sub-
types (Hibar et al., 2018).

Neuroimaging approaches have focused on individual
regional differences, although the brain is organized in
distinct networks. Source-based morphometry (SBM), a
multivariate method based on structural covariance, has
been proposed for detecting structural network changes (Xu
et al., 2009). SBM can identify patterns of common varia-
tion among subjects, combining information across voxels to
identify co-varying 'networks' with great sensitivity to iden-
tify artifacts, and has been used to study several neuropsy-
chiatric disorders [see (Gupta et al., 2019) for a review].

In this study, our objective was to identify differences in
structural network covariance in BD, as well as in distinct
subtypes, using SBM. Finally, we tested the association
between structural alterations and hot and cold cognition.
Given the previous literature showing a smaller GMV in BD
(Wang et al., 2019) along with reduced structural covari-
ance in psychiatric disorders associated with emotional and
cognitive impairment (Gupta et al., 2019), we hypothesized
that patients with BD would show decreased structural net-
work covariance, with the magnitude of this effect being the
greatest in BD-1.

Methods
Participants

Fifty-seven patients with BD and 45 healthy controls (HC)
matched with age, sex, handedness, and 1Q participated in
this study. Patients were diagnosed with BD using the Struc-
tured Clinical Interview for DSM-5-Patient Edition and had
stable drug treatment (> 1 month). Exclusion criteria for
all participants included age > 65 or < 18 years, history of
alcohol or drug abuse in the previous six months, lifetime
drug dependence, traumatic head injury with loss of con-
sciousness, past or present major medical illness, neurologi-
cal disorders, and mental retardation. In addition, controls
with a history or current diagnosis of psychiatric disorders
or drug treatment were excluded. The final sample included
24 BD-I and 30 BD-II. Affective symptoms were assessed
using the Montgomery and Asberg Depression Rating Scale
(Montgomery & Asberg, 1979), Hamilton Rating Scale for
Depression (Hamilton, 1960), and the Hamilton Rating
Scale for Anxiety (Hamilton, 1959), and the Young Mania
Rating Scale (Young et al., 1978). Psychotic symptoms were
evaluated using the Positive and Negative Syndrome Scale
(Kay et al., 1987). A detailed history of mood disorders was
collected and included age of onset, time of the last mood

episode, number of lifetime episodes of depressive, manic,
mixed, and hypomanic, and past psychotic symptoms. Fam-
ily history of BD and pharmacological treatments were
also recorded. This study was approved by the local Ethics
Committee and all participants gave their written informed
consent to participate in the study after receiving a complete
explanation of the procedures.

Neuropsychology

Neuropsychological measures were administered and
included the Tower of Hanoi (TOH) for executive functions
and the Facial Emotion Recognition (FER) task for emo-
tional processing. All computerized tests were conducted
using PEBL software (http://pebl.sourceforge.net/).

Image acquisition

High-resolution structural data were acquired using
a 3 T MR scanner (Philips Ingenia, Best, The Neth-
erland) with a 32-channel quadrature head-coil using
the whole-brain 3D-T1 magnetization prepared rapid
gradient echo sequence in the sagittal plane (TR/
TE =6676 ms/3 ms; FOV =240 mm; flip-angle =8°, reso-
lution=1.0x 1.0 x 1.0 mm?). All scans were evaluated by an
expert neuroradiologist (RM) to exclude brain abnormalities.

Imaging Processing

Data were preprocessed using the Computational Anatomy
Toolbox for SPM (CAT12). Spatially normalized and seg-
mented images were modulated and smoothed using an
8-mm full width half-maximum Gaussian kernel. First,
a voxel-wise general linear model with total intracranial
volume (TIV) and age as covariates was used to compare
GMV across BD-I, BD-II, and HC using pairwise univariate
linear contrasts. Nonparametric testing using the threshold-
free cluster enhancement method with 5000 permutations
was applied to family-wise correct at the cluster-level with
a=0.05.

Source-based morphometry

Methodological details on SBM can be found elsewhere (Xu
et al., 2009). Briefly, a spatial independent component analy-
sis (ICA) was computed on all subjects’ preprocessed GMV
images with the Infomax algorithm using the “Group ICA
for fMRI Toolbox” (GIFT; https://trendscenter.org/software/
gift/). The ‘minimum description length’ criteria were used
to estimate the number of components. All GMV images
were arrayed into one 99-row subject-by-image matrix. This
matrix was then decomposed into a source matrix, represent-
ing the relationship between components and brain voxels
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(i.e., the spatial maps of the GMV components), and one
mixing matrix, which indicates the relationship between par-
ticipants and components. Subsequent comparisons between
groups were made using mixing matrix indices, i.e., loading
parameters that represent each individual’s contribution to
the GMV components of the total sample. 50 bootstrapped
and permuted ICA estimations were performed using the
ICASSO algorithm and reliable components (coefficient of
stability > 0.8) were included for further analysis. Compo-
nents that were spatially correlated (r> 0.1, p<0.001) with
clusters showing GMV changes in patients with BD were
retained for group analyses. First, we calculated component-
related differences in GMV between BD-I, BD-II, and con-
trols using ANCOVAs with age and TIV as covariates in the
columns of the mixing matrices of the selected components,
followed by Tukey's post hoc test (p < 0.05). For the visu-
alization of the GMV component, the source matrix was re-
shaped to a three-dimensional image (i.e., the same dimen-
sion as the input images), scaled to unit standard deviations
(Z-maps), and thresholded at Z>3.5. Maps of components
exhibiting significant differences between the groups were
then overlaid onto a normalized Montreal Neurological
Institute anatomical template. Finally, we performed sup-
plementary analyses using gender as a covariate, as well as
limiting the sample to euthymic patients at the time of scan
to exclude their confounding effect, if any (see Supplemen-
tary Materials for details).

Statistical analyses

Data were compared across diagnostic groups using chi-
square tests for categorical variables and one-way-ANOVA
for continuous variables, with pairwise chi-square/Tukey
post-hoc comparisons in case of statistical significance. To
investigate relationship between structure, clinical and cog-
nitive domains, we performed a Pearson’s or Spearman’s
correlation between clinical data, cold and hot cognition
measures, and structural changes. The level of significance
was set to p<0.05.

Results
Demographic and clinical characteristics (Table 1)

Detailed demographic and clinical data are presented in
Table 1. BD did not differ from controls with respect to age,
gender, handedness, and 1Q scores (all p’s>0.1). BD-I had a
significantly greater occurrence of past psychotic symptoms
(p<0.001), lower Global Assessment of Functioning scores
(p=0.003), and drug treatment differences with lower use
of antidepressants (p=0.001), greater use of antipsychot-
ics (p=0.033), and a trend for increased lifetime lithium

@ Springer

exposure (p =0.084) relative to BD-II. BD-subtypes did not
differ in terms of the illness duration, proportion of patients
in the euthymic state, plasma levels of lithium, affective
symptoms (all p’s>0.1).

Neuropsychology

There was a main effect of group (p=0.032) on the com-
pletion time at the TOH, with BD-I spending significantly
longer time to complete the task relative to HC (p=0.032),
while no significant differences emerged between con-
trols and BD-II (p=0.218) and between patient subgroups
(p=0.532). There was a main effect of group on the reaction
time (p=0.004) and the rate-corrected accuracy at the FER
task, with BD-I having longer reaction time and lower rate-
corrected accuracy (Vandierendonck, 2017) relative to BD-1I
(p=0.029, p=0.017) and HC (p=0.042, p=0.017). No dif-
ferences between these latter groups were found (p>0.2)
(Table 2).

Voxel-based morphometry

Compared to HC, BD-I showed seven clusters of significant
GMV reduction 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 (see Fig. 1, and Table 4). We did not find any GMV
difference between BD-II and the other diagnostic groups.

Source-based morphometry

Component selection Twenty components were estimated.
IC19 was correlated with GMV changes (r=0.2) and encom-
passed predominantly the superior, middle, and inferior tem-
poral gyri, precuneus, middle and inferior occipital regions,
inferior parietal lobe, fusiform gyrus, inferior frontal gyrus,
and anterior cingulate (see Fig. 2 and Table 3 for anatomical
details and Z-scores [supplementary materials]). IC13 was
also correlated with VBM changes (r=0.15) and spanned
predominantly across the temporal, precuneus, cingulate,
and insular cortex.

Between-group analyses IC19 loadings showed a sig-
nificant effect of diagnosis (F(2,96)=4.21, p=0.018), and
planned comparisons revealed significant differences only
between HC and BD-I (p=0.028). IC13 loadings showed a
significant effect of diagnosis (F(2,96) =3.33, p=0.040)),
and planned comparisons revealed only a trend for signifi-
cance for the comparison between HC and BD-I (p=0.067).
These results were replicated when including gender as a
covariate and in the euthymic subsample (see SuCite ESM.
pplementary Materials).
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Table 1 Sociodemographic and clinical characteristics of the samples

Characteristics BD-1 (N=24) BD-II (N=30) HC (N=45) Fory df

Age (years), M+SD 43.2+13.7 395+12.4 41.5+13.1 0.619 2 0.54
Males, n (%) 18 (75) 19 (63.33) 25 (55.55) 2.54 2 0.281
1Q, M+SD 103+13 108 +9.46 110+9.05 2.00 2 0.151
Duration of the illness 17.8+11.4 12.8+10.5 2.67 1 0.109
(years), mean +SD

Childhood-onset, n (%) 7 (29.16) 11 (36.66) 0.338 1 0.561
Current mood state:

Euthymia, n (%) 18 (75) 28 (93.3) 1.48 1 0.224
Depression, n (%) 2(8.3) 2(6.7) 0.054 1 0.816
Hypomania, n (%) 2 (8.3) 0 2.60 1 0.107
Mania/mixed n (%) 2(8.3) 0 2.60 1 0.107
Previous psychotic symptoms 17 (70.8) 1(3.3) 27.3 1 <0.001
Familiarity for BD n (%) 16 (66.7) 19 (63.3) 0.0650 1 0.799
Number of past episodes:

Depressive

No episodes 8 1

Single episode 0 2

Recurrent episodes 13 20

Manic

No episodes 1 21

Single episode 9 0

Recurrent episodes 11 0

Mixed

No episodes 14 21

Single episode 5 1

Recurrent episodes 2 0

Time since the last episode (months), M +SD 39.8+65.1 11.1+7.47 4.81 1 0.034
HAMD, M+SD 3.9+8.99 1.63+£2.22 1.45 1 0.236
HAMA, M+SD 3.9+8.01 1.38+1.88 2.26 1 0.140
MADRS, M +SD 50+11.8 2.08+4.17 1.28 1 0.264
YMRS, M+SD 457+11.2 1.04+2.40 2.25 1 0.141
PANSS, M+SD 2.95+8.36 0

GAF 61.7+26.6 79.1+10.1 10.2 1 0.003
Past pharmacotherapy

Antidepressants, n (%) 10 (41.7) 13 (43.3) 0.015 1 0.902
Antipsychotics, n (%) 15 (62.5) 11 (36.7) 3.56 1 0.059
Antiepileptics, n (%) 7(29.2) 4(13.3) 2.06 1 0.151
Benzodiazepines, n (%) 13 (54.2) 15 (50) 0.093 1 0.761
Current pharmacotheraphy

Antidepressants, n (%) 7(29.2) 22 (73.3) 10.5 1 0.001
Antipsychotics, n (%) 15 (62.5) 10 (33.3) 4.56 1 0.033
Antiepileptics, n (%) 6 (25) 4(13.3) 1.20 1 0.273
Lithium, n (%) 24 (100) 30 (100)

Lithium treatment duration (months), M + SD 60.2+87.9 27.4+40.1 3.11 1 0.084
Lithium plasma level (mmol/L), M+ SD 0.574+0.191 0.521+0.170 1.09 1 0.301

1Q, intelligence quotient; HAMD, Hamilton Rating Scale for Depression; HAMA, Hamilton Rating Scale for Anxiety; MADRS, Montgomery
and Asberg Depression Rating Scale; YMRS, Young Mania Rating Scale; PANSS, Positive and Negative Syndrome Scale; GAF, Global Assess-
ment of Functioning; M, mean; SD, standard deviation
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(ot performane ot th emples BD-1 Bout  He P
TOH, completion time (msec), M+ SD 5143 +£2086 4498 +2265 3683+1631 3.64 0.032
FER, rate-corrected accuracy (a.u.), M+SD 0.023+0.007 0.031+0.009 0.031+0.010 6.440 0.004
FER, mean time (msec), M+ SD 3780+ 1666 2895+910 2989+3819 3.799 0.027

a.u., arbitrary units; TOH, Tower of Hanoi; FER, Facial emotion recognition task; M, mean; SD, standard
deviation

Fig. 1 Spatial maps of gray
matter loss of patients with
BD-I relative to controls.
The maps of the left and right
hemisphere, respectively, are
rendered on an MNI template
with a voxel-wise threshold of
voxel-wise p <0.005 uncor-
rected for display purposes.
MNI, Montreal Neurological
Institute. The color bar indicates
p values

p-value

b)
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Fig.2 The SBM component (IC19) involving a prefrontal-tem- Neurological Institute. L and R indicate the left and right brain hemi-

poral-occipital network (a) exhibited significantly lower GMV spheres, respectively. The color bar indicates Z-scores. The Y-axis
covariance in BD-I compared to healthy controls, but not to indicates the IC loadings for the SBM component measured in arbi-
BD-II (b). Transversal 2-mm slices (axial planes, z, are indicated trary units (a.u.)

in the first column) are displayed on a template from the Montreal

Brain behavior correlations with the IC19 loadings (rho=-0456, p=0.029). In BD-I,

FER response time was negatively correlated with GMV in
The number of previous manic episodes was negatively cor-  the superior temporal gyrus (r=-0.545, p=0.044; Fig. 3.a),
related with the GMV loss in the right superior, middle,  and in the inferior occipital gyrus (r=-0.557, p=0.039;
and inferior temporal gyri (tho=-0.463, p=0.026), and  Fig. 3.b). Moreover, the completion time of TOH in BD-I
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Fig.3 Scatter plots of gray matter and cognition performance in
patients with BD-1. The average reaction time at the Facial emotion
recognition task was inversely correlated with gray matter volume in

was negatively correlated with IC19 loadings (rho=-0.510,
p=0.039; Fig. 3.c). None of the exploratory correlations of
the GMV and IC loadings with other cognitive and clinical
variables were significant.

Discussion

In this study, BD showed a regional reduction in GMV as
well as in structural network covariance, associated with
recurrence and emotional processing. First, BD-I showed
decreased GMYV in the insula, as well as in the temporal-
occipital-parietal cortex, and the cerebellum. Second, in the
brain regions showing GMV decreases, patients with BD-I
had reduced structural covariance that was associated with
the number of previous manic episodes, and worse executive
functions, including visuospatial processing and problem-
solving abilities. Third, compared to BD-II, BD-I displayed
a worse performance on facial emotion recognition and
showed temporal-occipital GMV loss that correlated with
facial emotion recognition impairment.

Our findings of GMYV reduction in the temporal lobes in
BD-I are consistent with several studies (Lu et al., 2019;
Wise et al., 2017). Indeed, the temporal lobe dysfunction
may be of particular importance for its role in the perception
and processing of environmental stimuli (Jones et al., 2009).
The lower cerebellar GMV in BD-1 is consistent with previ-
ous studies (Roda et al., 2015). Accumulating evidence sug-
gests a role for the cerebellum in emotional regulation and in
executive functioning, episodic memory, and sensorimotor
processing (Lin et al., 2018) that are altered in BD. Although
imaging cross-sectional studies on cerebellar volumetry have
shown negative or controversial results (Demirgoren et al.,
2019; Laidi et al., 2015), a longitudinal study indicated a
progressive structural decline over 4 years that is exagger-
ated with multiple mood episodes (Moorhead et al., 2007).

superior temporal gyrus (a) and inferior occipital gyrus (b), respec-
tively. The average reaction time at the Tower of Hanoi was inversely
correlated with the loadings of IC19 (c)

We also found lower parietal-occipital GMV (Ivleva et al.,
2017). Fusiform GMYV reduction has been demonstrated pre-
viously (Moorhead et al., 2007), although increases have
also been reported (Adler et al., 2005). Lower right insular
GMV in BD-I is in line with a previous meta-analysis that
reported this area as the most atrophic (Wise et al., 2017).

These regional findings reflect distinct aspects of a com-
plex disorder and can be integrated into a more comprehen-
sive framework that captures the GMV network arrangement
among these regions. SBM has been suggested to be more
sensitive in detecting GM atrophy than other methods such
as VBM (Gupta et al., 2019). SBM takes into account inter-
relationships among voxels to identify structural network
changes, which may be undetected using VBM (Xu et al.,
2009). The present SBM findings indicate a specific pattern
of structural loss predominantly involving temporal-occip-
ital regions, fusiform gyrus, inferior frontal gyrus, inferior
parietal lobule, and anterior cingulate in BD-I but not in
BD-II. Notably, subjects with major depressive and border-
line personality disorders share comparable impairments in
emotional processing and cognition with BD (Cheavens &
Heiy, 2011). Similar to our findings in BD-I, previous evi-
dence showed reduced structural network covariance with a
reduced bilateral fronto-striatal network in depression and
medial temporal/frontal network in borderline personality
disorder, respectively (Depping et al., 2015).

We found a prefrontal-temporal-occipital network with
reduced structural network covariance in BD-I, encompass-
ing the temporal-occipital regions that span across the dorsal
stream of visual processing. Distinct streams of processing
originating from primary visual areas reach the inferior
temporal (ventral) and posterior parietal areas (dorsal) (Ray
et al., 2020). The ventral stream has been implicated in
object identification (‘“what”) along with its internal repre-
sentation (“perception”). Conversely, the perception of spa-
tial information (“where”) and guiding visuomotor 'actions’
(Ray et al., 2020) are processed in the occipitoparietal or
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dorsal stream (Haxby et al., 1991). Notably, we found an
association between reduced executive functions involving
visuospatial performance and problem-solving abilities,
as demonstrated by a worse performance of TOH, and the
structural network covariance loss in BD-I, but not in BD-I1
and HCs.

Occipital-temporal regions are also implicated in face
processing. The face-selective network is composed of a dor-
sal pathway from the occipital face area to the superior tem-
poral sulcus (STS) and a ventral pathway from the occipital
face area to the fusiform. The fusiform, and the posterior-
STS constitute the core system of face processing (Haxby &
Ida Gobbini, 2007). The inferior occipital cortex is respon-
sible for the early stages of face processing and sends its
output to both the fusiform, involved in the representation
of invariant aspects of the face (e.g., face identity), and the
posterior-STS involved in the representation of changeable
aspects (e.g., facial expression, eye-gaze, etc.; Bernstein &
Yovel, 2015). The ventral visual stream is strongly influ-
enced by emotional stimuli (Vuilleumier, 2005) and displays
both functional and anatomical connectivity with the amyg-
dala (Amaral et al., 2003). Therefore, in BD-I, GMV loss in
the STS and in the inferior occipital gyrus may be associated
with impaired emotional processing as suggested also by the
association with FER performance.

An inverse correlation between the number of manic
episodes and the reduced structural network covariance
was found. This finding is consistent with the correlation
between the main cluster of GMV loss involving the right
temporal regions and the number of manic episodes that
emerged in our BD-I sample using VBM. Previous litera-
ture has demonstrated a significant correlation between the
number of manic episodes and prefrontal GMV reduction
(Ekman et al., 2010). However, the involvement of right
temporal GMV reduction is in line with a recent study on
lesional mania that showed an overrepresentation of right
occipital, and parietal lesions, with the fusiform gyrus more
frequently involved (Barahona-Corréa et al., 2020). Such
a wide distribution of GM areas argues for a circuit-based
impact of the lesions associated with secondary mania simi-
lar with the prefrontal-temporal-occipital network in BD-1.

The study suffers from some limitations. First, although
most of the patients were in the euthymic state, we included
patients with depression at the time of evaluation. Although
brain-behavior correlations may be partly affected, the
current mood state did not show effects on brain structure
(Foland-Ross et al., 2012). Second, the cross-sectional
study design limits our ability to make inferences about a
causal relationship between abnormal structural connec-
tivity and behavior. Third, the study did not include drug-
free patients. Due to the disorder severity, patients mantain
pharmacological treatments even in euthymia that may affect
neuroimaging measures. Lithium exposure may increase
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GMV specifically in the limbic system (Sani et al., 2018).
However, in our study, lithium exposure was not different
between BD-subtypes. Moreover, it is known that the use of
antipsychotics may reduce GMV and impair neuropsycho-
logical performance (Centorrino et al., 2005). Nonetheless,
no significant correlations between antipsychotics doses and
IC-loadings and with neuropsychological scores emerged in
our sample.

Overall, our work supports the hypothesis that BD may
be associated with impaired visual processing (Reavis et al.,
2020) and provides evidence of structural abnormalities of
the visual system in BD-I similar to other disorders of the
psychosis spectrum (Reavis et al., 2020). Furthermore, the
association between structural changes and impairments in
cognitive and social-cognitive domains may contribute to
functional deficits and clinical outcomes in BD-I. Lastly, it
has been suggested that emotional regulation and cognitive
function reciprocally interact (Lima et al., 2018), so that
impaired cognition may affect negatively emotional pro-
cessing, as well as heightened emotional status, can impair
cognitive functions in BD (Lima et al., 2018). Consistent
with this, the present study suggests that altered structural
covariance of the temporo-occipital network in BD-I may
be involved in the interplay between cognitive control and
emotional processing, whereby altered structure results in
dysfunctional integrative processing of mood and cognition.

Conclusions

This study provides evidence for a pattern of regions of
GM covariance loss in BD-I. The abnormal prefrontal-tem-
poral-occipital network is associated with disease severity
and may reflect a neural signature associated with an impair-
ment in executive abilities, as well as emotion processing, in
BD-I. Future studies with a longitudinal design could help to
address inferences about the causal directions of the relation-
ships emerging between the pattern of abnormal structural
network covariance and cognitive and clinical data in BD.
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