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Abstract

Facial emotion recognition (FER), including sadness, is altered in bipolar disorder (BD). However, the relationship between
this impairment and the brain structure in BD is relatively unexplored. Furthermore, its association with clinical variables and
with the subtypes of BD remains to be clarified. Twenty euthymic patients with BD type I (BD-I), 28 BD type II (BD-II), and
45 healthy controls completed a FER test and a 3D-T1-weighted magnetic resonance imaging. Gray matter volume (GMV)
of the cortico-limbic regions implicated in emotional processing was estimated and their relationship with FER performance
was investigated using network analysis. Patients with BD-I had worse total and sadness-related FER performance relative
to the other groups. Total FER performance was significantly negatively associated with illness duration and positively
associated with global functioning in patients with BD-1. Sadness-related FER performance was also significantly negatively
associated with the number of previous manic episodes. Network analysis showed a reduced association of the GMV of the
frontal-insular—occipital areas in patients with BD-I, with a greater edge strength between sadness-related FER performance
and amygdala GMV relative to controls. Our results suggest that FER performance, particularly for facial sadness, may be
distinctively impaired in patients with BD-I. The pattern of reduced interrelationship in the frontal-insular—occipital regions
and a stronger positive relationship between facial sadness recognition and the amygdala GMV in BD may reflect altered
cortical modulation of limbic structures that ultimately predisposes to emotional dysregulation. Future longitudinal studies
investigating the effect of mood state on FER performance in BD are warranted.

Keywords Bipolar disorder - Emotional processing - Social cognition - Voxel-based morphometry - ROI-based
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Introduction

Bipolar disorder (BD) is a severe mental disorder character-
ized by alterations in emotional regulation [1] representing
one of the ten leading causes of disability worldwide [2].
The two most severe subtypes of BD are bipolar disorder
type I (BD-I) and bipolar disorder type II (BD-II), which
differ in the presence of manic/mixed vs hypomanic epi-
sodes [3]. In this context, there is still a debate on ways of
subdividing the broad concept of manic-depressive illness
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introduced by Emil Kraepelin [4-6]. Indeed, BD-II has been
proposed to lie within a “BD spectrum” between BD-I and
major depressive disorder (MDD) [7, 8], while a single-
dimensional BD construct has been proposed [5, 9]. The
challenging differentiation between BD subtypes is not just
a nosographic issue, but it is relevant to disease management
and prognosis [10, 11].

BD-I has more severe symptoms during related mood
and a higher level of incapacity during depression com-
pared to BD-II, which presents long-lasting depression
[12]. Although previous reports concluded that patients with
BD-I and BD-II may differ little in proneness to depres-
sive states [13], recent evidence suggests that patients with
BD-II showed higher levels of long-term morbidity char-
acterized by longer and more prominent depressions, a
course sequence of depression-[hypo]lmania (DM), fewer

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00406-023-01649-z&domain=pdf
http://orcid.org/0000-0003-2102-416X

526

European Archives of Psychiatry and Clinical Neuroscience (2024) 274:525-536

hospitalizations, and greater risk of suicidal behavior over
time compared to those with BD-I [14].

On the neuropsychological level, alterations in social
cognition, including facial emotion recognition (FER),
which is the ability to identify emotional states from facial
expressions [15], can interfere with interpersonal relation-
ships and represents a determinant of the decline of daily
functioning [16]. The impairment of emotional perception
in BD is moderate and stable [17], and it has been proposed
as a trait marker and a possible endophenotype of BD [18].
Indeed, some studies found that patients with BD have a
general deficit in FER, measured as lower accuracy and/
or longer response time [19-22]. Conversely, other studies
found selective impairments with a deficit in recognizing
single emotions [23-27]. In particular, the impairment of
sadness processing has been shown to be a critical altera-
tion of emotional recognition in BD. First, a previous study
investigating emotion recognition in unaffected relatives of
patients with BD found that the offspring of these patients,
who are at high risk for the disorder, perform worse than the
matched healthy controls (HC) in labeling sad and angry
faces, and within individuals at high risk for BD, sympto-
matic children make more errors than those asymptomatic in
labeling sad but not angry or fearful faces [28]. Some inves-
tigations explored the association between mood state and
FER. Manic patients exhibited an impairment of sadness-
related FER that increased with emotional intensity, and this
was associated with altered activation of the limbic and the
frontal circuitry implicated in facial emotion processing [29,
30]. Moreover, in comparison with depressed patients with
BD and controls, manic patients with BD revealed fusiform
gyrus hyperactivation in response to sad faces [29]. Con-
versely, depression in MDD and BD was associated with a
negative mood-congruent bias, with a tendency to misinter-
pret neutral as sad faces and happy as neutral faces, with the
severity of depression affecting the overall FER performance
[31]. Notably, a study on mood congruency bias in patients
with depression (>70% BD) showed a worse performance
in sadness-related FER than controls [32], with patients
with BD having a stronger propensity to perceive emotional
valence of negative compared to positive facial expres-
sions [33]. During depressive episodes, patients with BD
displayed hippocampal hyperactivation during mild facial
sadness processing compared to controls and MDD [34].
These selective emotion recognition abnormalities have been
hypothesized to contribute to affective symptoms, includ-
ing persistent sadness, apathy, and anhedonia [32], and to a
general “pessimistic outlook™ [33]. Interestingly, a previous
meta-analysis reported an association of impaired sadness
recognition in BD-I, which was marginally significant when
including all subtypes of BD [35].

The brain network involved in FER is composed of sev-
eral regions of the brain with specific functions and entails
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the amygdala, involved in the arousal of negative emotions
[36-38]; the hippocampus, responsible for the recall and
regulation of emotional memories [37, 39]; the insula,
involved in the modulation of the arousal level [37, 40];
the anterior cingulate cortex, involved in the reward and
punishment mechanisms [36, 37, 41]; the fusiform gyrus,
responsible for the recognition of the invariant aspect of a
face [36, 37, 42]; the prefrontal cortex (PFC), including the
superior, medial, and inferior frontal gyrus [36, 42], with
a role in the integration of emotion and cognition [43]. A
previous large multi-site study investigating morphometric
differences in subcortical structures implicated in emotional
processing in BD revealed volumetric reductions in patients
in the hippocampus and thalamus. However, no differences
were found when comparing BD subtypes [44]. The neuro-
imaging literature has also investigated the morphometry
of the brain regions underlying FER impairments in BD. A
previous MRI investigation revealed that compared with HC,
BD-I performs worse in FER and has reduced gray matter
volume (GMV) in the left orbitofrontal cortex, the supe-
rior temporal pole, and the insula, and shows a correlation
between FER performance and right middle cingulate gyrus
GMV [45]. Our group has also demonstrated a loss of GMV
in the temporal—occipital regions in BD-I that was correlated
with impaired general facial emotional processing [22].

On the other hand, structural covariance, a statistical
measure that reflects the relationship between inter-individ-
ual structural differences in a property of a specific brain
region (e.g., brain volume, cortical thickness, etc.) with
inter-individual differences of the same index in a distinct
region [46], has been shown to be altered in patients with
BD [22, 47, 48]. In particular, we found that patients with
BD-I had reduced structural covariance in a prefrontal-
temporal-occipital network, and this was associated with
increased severity of the disorder, poorer executive func-
tions, and impaired emotional processing [22].

Although growing evidence emphasizes that patients with
BD even when euthymic suffer from trait-associated FER
impairment [15, 49], the neuroanatomical basis for general
and selective FER impairments in euthymic patients with
BD, its impact on morbidity and daily functioning, and the
differences between the BD subtypes remain to be clari-
fied. The use of univariate analysis, powerful in capturing
the variance attributable to a single variable but not when
dealing with the complex relationship among multiple meas-
ures (regional GMV and behavioral performance) may have
contributed to the lack of findings. For this reason, network
models have been introduced as alternative approaches for
the study of the relationship between variables associated
with mental disorders [50-52]. Networks are composed of
nodes, representing the observed variables, and edges, indi-
cating their connections. Network centrality indexes can be
computed to identify the importance of each node in the
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network [53]. Network analysis is a data-driven approach,
which provides a graphic representation of the complex
interrelationships among different types of variables [54].

This approach has been commonly used for studying
behavioral variables encompassing psychopathological
dimensions [55] and cognitive domains [56, 57]. Interest-
ingly, network analysis methods have recently been used to
combine behavioral variables (i.e., symptoms, traits, and
cognitive abilities) and their related structural and functional
neural correlates in joint networks to characterize their rela-
tionship in psychiatric and neurodevelopmental conditions,
including depression [58], autism [59], and children and
adolescents with learning disabilities [60]. The use of this
method has several advantages over traditional approaches.
The study in the same analytical paradigm of brain and
behavioral data, which often do not correspond to a sim-
ple and reductionist one-to-one relationship, allows easier
visualization and a simultaneous estimation of the complex
pattern of relationship between behavioral and structural
properties of the brain [60].

We hypothesized that euthymic BD-I could have impaired
emotional processing, particularly for sadness, and that this
could be related to a reduced interrelationship between the
brain regions implicated in emotional processing and rec-
ognition. We also hypothesized that altered FER could be
associated with clinical outcomes and functioning. For this
reason, in this study, we assessed FER and brain morphome-
try of the regions implicated in this process and performed a
network analysis of these variables in distinct BD subtypes.

Materials and methods
Participants

Fifty-one patients with BD and 45 HC were recruited from
the psychiatric ward and the outpatient service of the Padua
University Hospital. The structured clinical interview for
DSM-5-Patient Edition (SCID-5) was used for diagnosis
and patients were included if on stable treatment for at least
1 month. A family history of severe mental illness or a cur-
rent diagnosis of psychiatric disorders or drug treatment
(excluding contraceptive pills in women) were exclusion
criteria for HC. Participants were excluded if they were
younger than 18 or older than 65 years, if they had a lifetime
drug dependence, a history of alcohol or drug abuse in the
six months before the study, previous traumatic head injury
with loss of consciousness, past or present major medical
illness, neurological disorders, and mental retardation. Of
the initial sample, three patients were excluded: one for a
panic attack during the scan and two for vascular lesions on
the MRI. A final sample of 48 patients with BD (20 BD-I
and 28 BD-II) and 45 HC were enrolled in the study. Written

informed consent was obtained from all participants after a
complete explanation of the study. The local Ethics Com-
mittee authorized this study, and the Helsinki Declaration
of 1975 guidelines were followed.

Clinical assessment

The Montgomery—Asberg Depression Rating Scale
(MADRS) [61], the 17-item Hamilton Rating Scale for
Depression (HAM-D) [62], the Hamilton Rating Scale for
Anxiety (HAM-A) [63], and the Young Mania Rating Scale
(YMRS) [64] were used to evaluate the severity of affec-
tive symptoms. Psychotic symptoms were assessed using
the Positive and Negative Syndrome Scale (PANSS) [65].
The general psychosocial functioning was evaluated using
the Global Assessment of Functioning (GAF) scale [66]. A
detailed history of mood disorders was collected, including
illness duration, age of onset, familiarity for BD, the number
of lifetime affective (depressive, manic, mixed, and hypo-
manic) episodes, and past occurrence of psychotic symp-
toms. Data on the current drug treatments, measured using
the defined daily dose [67], and serum lithium levels and
their duration were also collected.

FER task

The FER task was administered to evaluate emotional pro-
cessing [68, 69] using PEBL software (http://pebl.sourc
eforge.net/). During the FER task, 140 emotion-expressing
faces were presented. Four types of expressions were dis-
played in pseudo-randomized order: sadness (n =40), disgust
(n=40), anger (n=40), and neutral (n=20). Participants
were asked to identify as quickly as possible the emotion
expressed by a face by pressing a button on the labels pre-
sented at the bottom of the screen with a touchscreen device.
Accuracy and reaction time were recorded. The FER per-
formance calculated as the ratio between the percent accu-
racy and the mean reaction time [70] for all (FER-total) and
individual emotions (FER-sadness, FER-anger, FER-disgust,
FER-neutral) was used to estimate the efficiency of emo-
tional processing, which is the speed at which emotions are
correctly identified [71]. Given our strong a priori hypoth-
eses on sadness processing, our analysis was limited to the
performance during the FER for sad and neutral conditions,
the latter being a control condition.

Image acquisition

High-resolution structural data were acquired usinga 3 T
MR-scanner (3 Tesla Philips Ingenia) with a 32-channel
quadrature head coil. Each participant underwent whole-
brain 3D-T1 magnetization-prepared rapid gradient-echo
sequence in the sagittal plane with the following parameters:
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TR/TE=6676 ms/3 ms, FOV =240 mm,; flip-angle =8°, res-
olution=1.0x 1.0 x 1.0mm?; number of slices=18]1. Any
abnormalities in the brain were excluded after evaluation by
an expert neuroradiologist (RM).

Voxel-based morphometry (VBM)

Structural MRI data were preprocessed using the Compu-
tational Anatomy Toolbox for SPM (CAT12) (http://www.
neuro.uni-jena.de/cat/), a toolbox running within the Statis-
tical Parametric Mapping analysis package (SPM12, http://
www.fil.ion.ucl.ac.uk/spm/software/spm12/). After the ini-
tial data quality check (to avoid critical artifacts such as head
motion, ghosting, and stripes that could potentially affect the
results), each participant’s T1 image was reoriented to the
ACPC and then was spatially normalized and segmented
into gray and white matter and cerebrospinal fluid based on
the maximum a posteriori estimation. After data preprocess-
ing, modulated normalized gray and white matter volumes
were smoothed using an 8-mm Full-Width Half-Maximum
(FWHM) Gaussian kernel. We applied a 0.2 absolute mask-
ing threshold.

All volumetric images underwent quality control for
intersubject homogeneity and visual inspection procedure
for potential newly introduced artifacts. Given our interest
in the structural covariance of GMVs, only these images
were included in our analysis. The total intracranial vol-
ume (TIV) was estimated to take into account the vari-
ability of brain size. Finally, the GMV of each of the nine
bilateral regions of interest (ROIs) drawn from the n30r83
Hammersmith atlas (http://brain-development.org/brain-
atlases/adult-brain-maximum-probability-map-hamme
rs-mith-atlas-n30r83-in-mni-space/) was estimated and

averaged between the two hemispheres. Given our strong a
priori hypothesis, we focused on the brain regions involved
in the processing of sad emotions and implicated in FER,
according to previous literature: the amygdala, hippocam-
pus, insula, anterior cingulate cortex, orbitofrontal cor-
tex, fusiform gyrus, superior frontal gyrus, medial frontal
gyrus, and inferior frontal gyrus (see before, Fig. 1).

Statistical analysis

For the analysis of socio-demographic and clinical data
among diagnostic groups, we used x 2-tests for categorical
data and one-way ANOVA for continuous variables, with
pairwise Xz/Tukey post hoc comparisons in case of statis-
tical significance. The FER-total, as well as the FER-sad-
ness, and the FER-neutral scores among the three diagno-
ses (BD-1, BD-II, and HC) were compared using ANOVA
and repeated-measures ANOVA with planned pairwise
contrasts (FER-sadness vs. FER-neutral for each diag-
nosis) using the Bonferroni correction for the number of
comparisons (p =0.05/6 =0.008, 3 between-group com-
parisons X 2 emotions = 6), respectively. A voxel-wise gen-
eral linear model (GLM) with TIV and age as covariates
was used to compare GMV among the three diagnostic
groups (BD-I, BD-II, and controls) using pairwise post
hoc t-tests. For each patient group, clinical variables were
correlated with FER scores using Pearson’s and Spear-
man's correlation appropriately. Statistical analysis was
performed using JAMOVI (Version 1.2) (https://www.
jamovi.org) and R (http://www.rstudio.com/). We used a
false discovery rate correction for multiple comparisons
for ROI comparisons across diagnoses. The level of sig-
nificance was set to p < 0.05 for all tests.

Fig. 1 Brain regions involved in facial emotion recognition (FER).
Gray matter volume was estimated in regions of interest (ROIs) using
voxel-based morphometry and averaged across the hemispheres.
ROIs drawn from n30r83 Hammersmith atlas are displayed in axial
(a, b) and sagittal (c, d) projections of the Montreal Neurological
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Institute (MNI) template: orbitofrontal cortex (pink), amygdala (dark
red), fusiform gyrus (orange), insula (cyan), hippocampus (violet);
anterior cingulate cortex (green); superior frontal gyrus (yellow);
middle frontal gyrus (light red); inferior frontal gyrus (blue)
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Network analysis

The relationship between the FER-sadness and regional
GMYV was analyzed using network analysis, a relatively
novel method for exploring complex patterns of relation-
ships and obtaining a visualization of the network structure
of variables. For each sample, a network analysis including
11 nodes was performed: 2 FER scores (FER-sadness and
FER-neutral as a control variable) and 9 GMV ROlIs. Partial
correlations between variables, obtained after partialling out
all the other variables, were represented by the ‘edges’ con-
necting the nodes [72]. We also computed three ‘centrality
measures’ for each node [73]: betweenness, which is the
number of times that a node is involved in the shortest path
between two other nodes, represents the control of the infor-
mation flow in the network [74, 75]; the closeness, which
is the average distance from that node to all other nodes
in the network, shows the likelihood for the information to
“flow” from a specific node through the entire network both
directly and indirectly [75, 76]; strength centrality is cal-
culated as the sum of the edges connected to a node, each
one weighted with its own thickness [73, 75]. A Graphical
Gaussian Model of the data was fit using the EBICglasso
estimator. The stability of the results was verified using a
bootstrapping procedure that produced the 95% confidence
interval of each edge and the average edge value over 5000
resamplings. Network analyses were carried out using JASP
version 0.14.1 (JASP team 2020). We compared network
structure and centrality measures between diagnoses using
the Network Comparison Test (NCT), which is a two-tailed
permutation test on pairwise differences (5000 resamplings).
Network structure differences were compared using three
invariance measures: network structure invariance, global
strength invariance, and edge invariance [77, 78]. The level
of significance for all analyses was set to p <0.05.

Results
Socio-demographic and clinical data

Age, sex, and handedness did not differ among groups (all
p’s>0.1). Patients with BD-I had a significantly higher
occurrence of past psychotic symptoms (p <0.001), lower
GAF scores (p=0.004), a lower number of past depressive
(»p=0.033) and hypomanic (p =0.004) episodes compared to
those with BD-II. In addition, patients with BD-II had sig-
nificantly higher use of antidepressants (p <0.001) and lower
use of antipsychotics (p =0.007) compared to patients with
BD-I. Illness duration, HAM-D, HAM-A, MADRS, and
YMRS scores, familiarity for BD, use of anticonvulsants and
lithium, and the current plasma lithium levels did not show
any significant difference between the patient groups (all

p’s>0.1). Lastly, there were no psychiatric comorbidities
in the recruited patients with BD-I and BD-II. The socio-
demographic and clinical characteristics of the samples are
summarized in Table 1.

ROI-based VBM analysis

The average GMV of each ROI did not show significant
differences among groups (see supplementary materials,
Table S.1).

FER task

There was an effect of diagnosis on FER-total scores [F(2,
90)=8.928, p <0.001], with patients with BD-I having
significantly worse performance compared to patients with
BD-II and HC (p <0.001), and there were no differences
between patients with BD-II and HC (p =0.9). In patients
with BD-I, the FER-total scores were significantly correlated
with the duration of the illness (r=—0.543, p=0.02) and the
GAF scores (r=0.656, p=0.015). The emotion-by-diagno-
sis ANOVA confirmed the effect of diagnosis (p <0.001)
with the poorest performance in patients with BD-I relative
to those with BD-II and HC (all p’s <0.001), and showed the
effect of emotion [F(1, 84)=31.02, p <0.001] with the poor-
est performance for sadness relative to neutral [#(84)=5.57,
p <0.001], and a marginal significance for their interaction
[F(2, 84)=2.68, p=0.07] with planned comparisons show-
ing Bonferroni-corrected significance for FER-sadness vs
FER-neutral difference comparing patients with BD-1 [F(2,
84)=4.081, p<0.001] with HC [F(2, 84)=4.226, p<0.001]
but not with patients with BD-II [F(2, 84)=1.433, p=0.156]
(see Fig. 2). FER-sadness was significantly correlated with
the duration of illness (r=—-0.576, p=0.012), the GAF
score (r=0.569, p=0.043), as well as with the number
of previous manic episodes (rho=-0.592, p=0.012) in
patients with BD-I (see Fig. 3). In patients with BD-I, FER-
total, and FER for each emotion scores did not correlate
with the antidepressant dose or with plasma lithium levels
(all p’s>0.05). Conversely, in patients with BD-I, FER-
total, and FER-sadness scores were significantly correlated
with the dose of antipsychotics (tho=-0.561, p=0.02, and
rho=-0.508, p=0.04, respectively). We did not find any
significant correlation between FER scores and clinical vari-
ables in patients with BD-II.

Network analysis

The network for patients with BD-I showed a reduced
interrelationship in the frontal-insular—occipital regions
(superior frontal gyrus, middle frontal gyrus, inferior
frontal gyrus, orbitofrontal cortex, insula, fusiform gyrus)
relative to those with BD-II and HC, as well as between
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Table 1 Socio-demographic and clinical characteristics of the sample

Characteristics BD-I (N=20) BD-II (N=28) HC (N=45) F or;(2 P
Age (years), mean+ SD 45.5+12.6 389+12.6 40.1+12.8 1.745 0.186
Males, n (%) 13 (65.0) 19 (67.9) 23 (58.97) 0.589 0.745
Duration of illness (years), mean +SD 16.6 +£10.1 12.8+10.7 1.239 0.222
Childhood onset, n (%) 3(15.0) 11 (39.3) —1.852 0.070
Previous psychotic symptoms, 7 (%) 11 (55.0) 10 (36.0) 4.899 <0.001
Familiarity for BD, n (%) 15 (75.0) 18 (64.3) 0.778 0.441
Number of past episodes
Depressive (N=0/1/2+) 6/0/12 1/2/19 6.820 0.033
Manic (N=0/1/2+) 2/8/8 20/0/0 30.707 <0.001
Hypomanic (N=0/1/2+) 11/3/4 2/6/12 11.156 0.004
Mixed (N=0/1/2+) 14/4/0 20/0/0 5.200 0.023
HAMD, mean+ SD 2.83+5.52 1.69+2.25 0.900 0.374
HAMA, mean=+SD 3.33+6.21 1.45+1.90 1.389 0.173
MADRS, mean +SD 3.67+7.23 2.17+4.24 0.827 0.413
YMRS, mean +SD 3.00+6.70 1.09+2.44 1.248 0.220
GAF, mean+ SD 65.00+23.37 80.58+8.41 -3.076 0.004
Current pharmacotherapy
Antidepressants, n (%) 6 (30.0) 22 (78.6) —3.365 <0.001
Antipsychotics, n (%) 15 (75.0) 10 (35.7) 2.686 0.007
Anticonvulsants, n (%) 6 (30.0) 4(14.3) 1.322 0.187
Lithium, n (%) 19 (95.0) 28 (100) —-1.196 0.230
Lithium treatment duration (months), mean + SD 89.5+118.9 28.3+40.6 2.531 0.015
Lithium plasma level (mmol/L), mean +SD 0.550+0.270 0.522+0.170 0.427 0.672

An ANOVA and a chi-square test were performed to compare age and sex among groups. Two sample -tests and chi-square tests were per-
formed for continuous and categorical variables, respectively, when only two groups were compared

HAMD Hamilton Rating Scale for Depression, HAMA Hamilton Rating Scale for Anxiety, MADRS Montgomery—Asberg Depression Rating
Scale, YMRS Young Mania Rating Scale, GAF Global Assessment of Functioning, SD standard deviation, BD-I bipolar disorder type I, BD-1I

bipolar disorder type II, HC healthy controls

FER-sadness and FER-neutral (see Fig. 4). In patients with
BD-I, FER-sadness, and FER-neutral were not associated
with frontal-insular—occipital regions, and the strength of
the FER-sadness—amygdala edge was greater compared to
the other groups (HC had a negative sign in this edge).
NCT confirmed a significant difference in the network
structure invariance between patients with BD-I and HC
(p<0.001) as well as between patients with BD-II and
HC (p <0.001). In contrast, no differences were observed
between the BD subtypes (p =0.85). We did not find any
difference in terms of global strength invariance among
groups (all p’s>0.1). Finally, the edge invariance test,
which compares the edge (connection) strength [77], con-
firmed a stronger positive relationship between FER-sad-
ness and amygdala GMV in patients with BD-I relative to
HC (p=0.005) but not between HC and those with BD-II
or between BD subtypes (all p’s>0.1). We did not find
any significant differences in centrality measures between
diagnoses (see Table S.2 for descriptive statistics on these
measures).
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Discussion

In this study, three main findings emerged. First, euthymic
patients with BD-I had the poorest performance in rec-
ognizing facial emotion expressions, particularly sadness.
Second, in those with BD-I, FER performance, specifi-
cally for sadness, was correlated with illness duration and
GAF scores. Additionally, FER for sadness in patients with
BD-I was negatively associated with the number of pre-
vious manic episodes. Third, the overall structure of the
network of patients with BD-I and patients with BD-II
was altered, with a reduced GMV interrelationship in the
frontal-insular—occipital regions in those with BD-I. Fur-
thermore, the edge strength between sadness-related FER
performance and amygdala GMV was stronger in patients
with BD-I compared to the other groups, according to the
edge invariance test. Lastly, FER performance during the
presentation of sadness was poorer compared to neutral
in patients with BD-I and HC but not in those with BD-II.
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Fig.2 The performance of facial emotion recognition of sadness
(FER-sadness) is altered in BD-I relative to BD-II and HC. BD-I and
HC show reduced FER during the presentation of sadness compared
to neutral, in contrast with BD-II, who have similar performance
independent of facial emotion. The colored dots indicate FER per-
formance for each diagnostic group and emotion (sadness in yellow,
and neutral in blue); the white dots indicate the mean, and the bars
the 95% confidence intervals for each emotion and diagnosis. FER
performance scores are calculated as the ratio between the % accu-
racy and the mean reaction time. BD-I, bipolar disorder type I; BD-II,
bipolar disorder type II; HC, healthy controls

Although some small studies did not show FER impair-
ments in BD [79, 80], a general impairment of this process
is consistent with the previous literature [15, 18, 20-22, 49,
81, 82] and appears to be independent of visuoperceptual
problems [19]. Notably, we found that BD-I had the poor-
est performance for FER, specifically for sadness. A bias
towards negative-valanced emotion has been described not
only during a mood phase but also in euthymia in patients
with BD-I, thus suggesting a trait alteration [83, 84]. Also,
facial sadness was rated more intensely by euthymic or
mildly depressed patients with BD, with a specific impair-
ment of the microexpression recognition of this emotion
[24]. Notably, clinically stable patients with BD had a spe-
cific impairment of FER for sadness even when compared
to patients with MDD [85]. Cognitive studies investigating
negative cognitions in depression have shown that euthymic
patients with BD had a negative schema content which is
lower relative to patients with depression (BD and MDD)
when tested explicitly and increases when tested implicitly
[86]. Indeed, euthymic patients with BD may unconsciously
compensate for underlying depressogenic cognitions by
masking responses to explicit measures but fail to do so with
implicit unconscious measures, thus suggesting depression-
avoidance defense mechanisms [86].

Only a few studies investigated emotion processing differ-
ences between BD subtypes [87]. A small study showed that
euthymic patients with BD-II had greater fear recognition
compared to manic and euthymic patients with BD-I [88].
However, other studies did not report differences in FER

performance between the BD subtypes [26, 89, 90]. These
contradictory findings could be related to methodological
differences (e.g., facial expression dynamics, performance
assessment, facial stimuli standardization, etc.) [49]. Nota-
bly, patients with BD-II displayed a similar performance for
sadness and neutral FER in contrast with the other groups.
This finding is consistent with better psychosocial function-
ing in patients with BD-II compared with those with BD-I
[91], as emerged in our study. The higher number of pre-
vious depressive episodes in patients with BD-II relative
to those with BD-I (p=0.033), together with the greater
amount of depressed/[hypo]manic time spent and the more
frequent depression-predominant polarity in patients with
BD-II [14], may result in the greater familiarity in recogniz-
ing sadness in patients with BD-II. However, these findings
need further replication.

Of clinical relevance, the current study revealed that FER
and FER-sadness performance were poorer in patients with
BD-I with a longer duration of illness and lower GAF scores.
FER-sadness was also reduced in patients with BD-I with
a higher number of previous manic episodes. In a previous
study, the authors found an emotion recognition deficit in
low-functioning remitted patients with BD [92]. However,
findings are mixed, with some studies unable to identify an
association between FER and clinical variables [26, 93]. In
contrast, a recent report found that patients with BD-II but
not BD-I had difficulties in general FER compared to HC,
with an association between poorer performance and shorter
disease duration, thus speculating that FER impairment
could be an early characteristic of patients with BD-II [89].
Although previous studies explored the possibility that anti-
depressant medications can affect FER [94, 95], this associa-
tion remains unclear in BD. Our analysis demonstrated that
FER ability appears to be independent of the use of anti-
depressants as well as of lithium treatment. However, FER
performance was negatively correlated with antipsychotic
dose. The results of the network analysis provided insight
into the relationship between the recognition of sad faces
and GMV changes in the brain regions involved in emotion
processing in BD subtypes. Our study found a reduced inter-
relationship between frontal—insular—occipital GMV ROIs in
patients with BD-I. These findings are partially in line with
a previous study of structural covariance with a multivari-
ate approach that revealed two distinct structural networks:
a shared psychotic core, equally reduced in both patients
with BD and schizophrenia (SZ) compared to HC, including
portions of the medial parietal and temporal-occipital areas,
and parts of the middle frontal gyrus and cerebellum, as well
as an affective core, more compromised in patients with BD
versus those with SZ, that included portions of the temporal
and occipital lobes, cerebellum, and frontal gyrus [48].

Furthermore, we found a stronger positive relationship
between FER-sadness and amygdala GMV in patients with
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Fig.3 Facial emotion recognition of sadness (FER-sadness) cor-
relates with clinical characteristics and functioning in patients with
bipolar disorder type I (BD-I). Scatterplots represent the relationship
between FER-sadness scores (% accuracy/mean reaction time) and
the Global Assessment of Functioning (GAF) scale scores (a), dura-

BD-I relative to HC (p =0.005), as emerged using the edge
invariance test. Notably, FER-sadness in patients with BD-I
was not associated with GMV in the fronto-insular areas
(see Fig. 4). The ability to recognize sadness in patients with
BD-I appears to be more dependent on amygdala morphom-
etry rather than on frontal-insular—occipital areas, thus con-
firming that amygdala alterations may be a crucial feature of
the disorder [96, 97]. In BD-I, an altered cortico-limbic cir-
cuit could underlie altered emotional processing [98, 99]. In
keeping with this, previous functional neuroimaging studies
reported a reduction of the connectivity between the amyg-
dala and the ventral-PFC [100], the dorsolateral-PFC [101],
and the perigenual anterior cingulate cortex [102, 103].
Overall, our findings support a consensus model in which
BD-I results from abnormalities in the structure and function
of key emotional control networks leading to decreased con-
nectivity between the ventral-PFC and limbic brain regions,
especially the amygdala [104].

@ Springer

tion of illness (b) and the number of previous manic episodes (¢) with
FER-sadness performance in patients with bipolar disorder type I
(BD-I). Pearson’s r or Spearman’s tho and p values for each correla-
tion are reported on the right-hand side of each scatter plot

This study has some limitations. First, this is a cross-sec-
tional study and causality and developmental inference can-
not be made. Second, the patients were taking medications
that might have slowed emotional recognition performance
and confounded morphometric measures [105]. For ethical
and clinical reasons, it would not be realistic to enroll drug-
free patients, to completely rule out the effects of the medi-
cation on neuropsychological and morphometric analysis.

In conclusion, the current study with an integrated
approach using clinical, behavioral, and morphometric
data showed that patients with BD-I have poorer per-
formance in facial emotion recognition, specifically for
sadness, and that this deficit is associated with impaired
daily functioning and mood instability expressed by pre-
vious manic episodes. In addition, the network analysis
provided evidence to support a model of fronto-limbic
dysfunction in sadness processing in patients with BD-I
relative to BD-II. Future longitudinal studies are needed to
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BD-I BD-II

Fig.4 Network plot of the relationship between facial emotion rec-
ognition and brain morphometry of the regions implicated in facial
emotion recognition (FER) for each diagnostic group. The thickness
of the edge represents the strength of the correlation, and its color
represents the sign of the correlation. The red lines indicate positive
associations; blue lines indicate negative associations. The nodes are
grouped by color: green for emotion recognition: Sadness FER-sad-
ness score, Neutral FER-neutral score; purple for limbic cortex mor-
phometry: Insula, Amy amygdala, Hippo hippocampus, ACC anterior

investigate the effect of mood state and psychotropic treat-
ments on FER performance and to address causal infer-
ences between emotional processing, daily functioning,
and morbidity.
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