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Background. Cognitive impairments are documented in schizophrenia (SZ) and bipolar disorder (BD) and may be related to gray
matter volumes (GMVs). Thus, this study is aimed at exploring whether the association between cognitive impairments and GMV
alterations is similar in patients with SZ and BD and understanding the underlying neurobiological mechanisms.Methods. A total
of 137 adult subjects (46 with SZ, 35 with BD, and 56 age-, sex-, and education-matched healthy controls (HC)) completed the
MATRICS Consensus Cognitive Battery (MCCB) and structural magnetic resonance imaging scanning. We performed group
comparisons of the cognitive impairments, the GMV alterations, and the association between them. Results. Compared with
HC, the patients with SZ and BD showed shared deficits in 4 cognitive domains (i.e., processing speed, working memory,
problem solving, and social cognition) and the composite. SZ and BD had commonly decreased GMVs, mainly in the insula,
superior temporal pole, amygdala, anterior cingulate, and frontal cortices (superior, middle, opercular inferior, and orbital
frontal gyrus). No correlation between MCCB scores and GMVs was detected in SZ. However, for BD, working memory was
relevant to the right hemisphere (i.e., right insula, amygdala, superior temporal pole, and medial and dorsolateral superior
frontal gyrus). Limitations. The major limitations were that not all patients were the first-episode status and no medication.
Conclusions. The association was mainly limited to the BD group. Thus, the underlying pathophysiology of the cognitive
deficits, in terms of GMV alterations, may be diverse between two disorders.

1. Introduction

Cognitive impairments are the characteristic of schizophre-
nia (SZ) [1], covering almost all main domains. Although
not as severe as those with SZ [2–4], patients with bipolar dis-
order (BD) also suffer significantly and share considerable
overlaps with SZ in several cognitive domains, especially pro-
cessing speed, verbal learning, and working memory [5, 6].
Impairments persist even in the absence of affective and/or
psychotic symptoms [6–8], thereby seriously affecting socio-
occupational ability and causing these clinically stable people

(remitted SZ and BD) to remain unable of having normal or
relatively normal social life [1, 6, 7, 9].

A series of studies, such as neuroinflammation [10, 11]
and neurotrophic factor [12, 13], has been conducted on
the impaired cognitive function of SZ and BD, but the under-
lying neurobiological mechanism is still unclear. Neuroimag-
ing techniques, applied universally in the study of
neuropsychiatric disorders, infer alterations of brain struc-
ture may have an impact on cognitive function [14, 15].
Voxel-based morphometry is a useful method in investigat-
ing the whole-brain structural alterations [16].
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Many findings on the altered gray matter volumes (GMVs)
of subjects with SZ and BD have been reported. Although the
results of these reports have slight differences, similar alter-
ations were observed in patients with SZ and BD. For example,
one study reported changed GMVs in multiple frontal-
temporal cortices of the patients with SZ across two cultural
backgrounds (Germany and Japan) [17]. Meanwhile, other
authors used meta-analyses to summarize GMV alterations in
BD and also informed the regions located in frontal-temporal
cortices [18]. These common brain structural alterations were
supported by the findings of other researchers [19, 20]. Other
similarly altered GMVs in patients with SZ and BD, such as
cingulate and insula, were also documented [19–22].

These GMV alterations reported above are associated with
cognitive impairments in subjects with SZ and BD. For
instance, small frontal GMVs are associated with low premor-
bid intelligence quotient in patients with SZ and BD [15, 23].
However, studies on the association are limited thus far, and
differences were observed in the findings, which were mainly
concentrated on the following aspects: (1) the same impaired
domain is associated with different GMV reductions in two
disorders, such as social cognition, which is linked to the
medial prefrontal cortex in SZ [24], while it is connected to
the right middle cingulate gyrus in BD [25]; and (2) the two
fields do not correlate, as the results of a cross-sectional study
in subjects with SZ, which revealed that metacognition ability
is independent of GMV alterations [26], and as the findings in
those with BD, which indicated that cognitive deficits and
GMVs have no association [27, 28].

These contradictory findings should be further studied to
advance the understanding of altered brain structure that is
linked to cognitive deficits. Considering the effect of the
mood state and/or psychotic symptoms on GMVs [29], we
focused on remitted patients with SZ and BD. We supposed
that shared cognitive deficits and common GMV alterations
in subjects with SZ and BD had similar associations. Thus,
this study is aimed at determining similarities between the
two patient groups in the severity of cognitive deficits, the
extent of GMV alterations, and the correlation between cog-
nitive impairments and GMV changes and subsequently at
understanding the underlying neurobiological mechanisms
of cognitive impairments in psychiatric disorders.

2. Materials and Methods

2.1. Participants. The study was conducted in a single site and
recruited 137 individuals (age range, 18–50 years old): 46
with SZ, 35 with BD, and 56 healthy controls (HC). After a
detailed description of the present study, all participants pro-
vided written informed consent as approved by the Medical
Science Research Ethics Committee of the First Affiliated
Hospital of China Medical University. All participants were
recruited from the inpatient and outpatient services at the
Shenyang Mental Health Center and the Department of Psy-
chiatry, First Affiliated Hospital of China Medical University,
Shenyang, China. HC was recruited from the surrounding
community via advertisement. The presence or absence of
Axis I psychiatric diagnoses in participants was determined
by two trained psychiatrists via the Structured Clinical

Interview for Diagnostic and Statistical Manual of Mental
Disorders, Fourth Edition (DSM-IV) Axis I Disorders. All
patients met the DSM-IV diagnostic criteria for BD or SZ
without any other Axis I disorders. HC had no current or life-
time, personal or familial history of DSM-IV Axis I disorders.
Exclusion criteria for all participants included the following:
(1) substance/alcohol abuse or dependence, (2) any concom-
itant major medical disorder, (3) any neurological illness, (4)
a history of head trauma with loss of consciousness for
≥5min, (5) any magnetic resonance imaging (MRI) contra-
indications, and (6) suboptimal imaging data quality.

Symptom severity was assessed by the Hamilton Depres-
sion Rating Scale (HAMD-17) [30], Young Mania Rating
Scale (YMRS) [31], and Brief Psychiatric Rating Scale (BPRS)
[32]. The clinically stable criteria for patients included the
following: (1) for SZ: BPRS score < 35; and (2) for BD:
YMRS score < 7 and HAMD − 17 score < 7.

2.2. Cognitive Assessment. The Measurement and Treatment
Research to Improve Cognition in Schizophrenia (MATRICS)
Consensus Cognitive Battery (MCCB) is a reliable tool in
assessing cognitive function from multidomains, which was
introduced to evaluate and promote cognition in SZ and vali-
dated subsequently in BD [33–36]. The MCCB contains 10
tasks across 7 cognitive domains, including (a) processing
speed (Trail Making Test A, Symbol Coding, and Category
Fluency), (b) verbal learning (Hopkins Verbal Learning Test-
Revised), (c) working memory (Spatial Span, Letter Number
Span), (d) visual learning (Brief Visuospatial Memory Test-
Revised), (e) reasoning, problem solving (The Mazes), (f)
attention-vigilance (Continuous Performance Test-Identical
Pairs), and (g) social cognition (Mayer–Salovey–Caruso Emo-
tional Intelligence Test). A total of 10 subtest scores and a
composite score are included in this instrument. All subjects
were tested cognition on the same day as the MRI scan.

2.3. MRI Acquisition. MRI scans were performed on a GE
Signa HD 3.0-T scanner (General Electric, Milwaukee,
USA) at the Image Institute of the First Affiliated Hospital
of China Medical University, Shenyang, China. T1-weighted,
high-resolution, and 3D image data were collected using a 3D
fast spoiled gradient-echo sequence (repetition time = 7:2ms,
echo time = 3:2ms, field of view = 240 × 240mm2, matrix =
240 × 240, flip angle = 13°, slice thickness = 1mm, number
of slices = 176, no gap, voxel size = 1:0mm3). A standard
head coil was applied to transmit and receive the nuclear
magnetic resonance signal, while earplugs and foam pads
were used to reduce noise and head motion. During scan-
ning, subjects were informed to keep their eyes closed but
warned not to fall asleep.

2.4. Data Processing. As suggested by the forerunners [37], we
used the voxel-based morphometry (VBM8) toolbox (http://
dbm.neuro.uni-jena.de/vbm8/) to process the structural MRI
data, which were incorporated into the Statistical Parametric
Mapping (SPM8) software. The VBM8 processing steps
included bias correction, tissue segmentation, and spatial
normalization (Montreal Neurological Institute space,
resampled to 1.5mm3 isotropic voxels) by using Diffeomorphic
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Anatomical Registration Through Exponentiated Lie algebra
(DARTEL) [38], modulation process (nonlinear deforma-
tions), and smoothing (Gaussian kernel with 8mm full width
at half-maximum).

2.5. Statistical Analysis. Three groups’ (SZ, BD, and HC)
analyses of the demographic and clinical data were
performed in the SPSS 20.0 software (SPSS Inc., Chicago,
Illinois) using one-way analysis of variance (ANOVA),

Table 1: Demographic and clinical characteristics.

Characteristic
Group; mean ± SD or no. (%)

F/χ2/t/H p value Post hoc analysis
HC (n = 56) SZ (n = 46) BD (n = 35)

Age, yeara 29:54 ± 9:41 29:70 ± 8:90 32:20 ± 10:50 0.966 0.383 —

Male sexb 21 (37.5%) 13 (28.3%) 10 (28.6%) 1.260 0.533 —

Education, yeara 14:48 ± 3:30 12:96 ± 3:03 13:83 ± 3:37 2.821 0.063 —

Handedness, rightb 56 (100%) 46 (100%) 35 (100%) — — —

First episode, yesb — 27 (58.7%) 10 (28.6%) 7.269 0.007∗ SZ>BD
Duration (month)c — 42:15 ± 55:36 (n = 40) 56:81 ± 57:43 (n = 32) 1.071 0.304 —

Medication, yesb — 42 (91.3%) 29 (82.9%) 1.311 0.252 —

Antipsychoticb — 38 (86.4%) 17 (58.6%) 7.242 0.007∗ SZ>BD
Mood stabilizerb — 7 (15.9%) 17 (58.6%) 14.450 <0.001∗ BD>SZ
Antidepressantb — 11 (25.0%) 6 (20.7%) 0.182 0.670 —

HAMD-17, total scored 1:11 ± 1:53 3:27 ± 3:98 2:37 ± 2:29 13.537 0.001∗
SZ>HC (p = 0:002 ∗)
BD>HC (p = 0:024 ∗)
SZ vs. BD (p = 1:000)

YMRS, total scored 0:18 ± 0:61 0:67 ± 1:62 0:63 ± 1:57 3.274 0.195 —

BPRS, total scored 18:54 ± 1:04 21:93 ± 4:35 20:94 ± 5:22 24.500 <0.001∗
SZ>HC (p < 0:001 ∗)
BD>HC (p = 0:003 ∗)
SZ vs. BD (p = 0:186)

BD, bipolar disorder; BPRS, Brief Psychiatric Rating Scale; F, one-way ANOVA; H, Kruskal-Wallis test; HAMD-17, Hamilton Depression Scale; HAMA,
Hamilton Anxiety Scale; HC, healthy control; SZ, schizophrenia; SD, standard deviation; t, independent-samples t-test; YMRS, Young Mania Rating Scale;
χ2, Chi-square test; aOne-way ANOVA; bChi-square test; cindependent-samples t-test; dKruskal-Wallis test. ∗Significant at p < 0:05; post hoc analysis is the
Bonferroni correction.
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Figure 1: MCCB subtest scores comparison among BD, SZ and HC. TMT-A, Trail Making Test A; HVLT-R, Hopkins Verbal Learning Test-
Revised; BVMT-R, Brief Visuospatial Memory Test-Revised; MSCEIT, Mayer–Salovey–Caruso Emotional Intelligence Test; CPT-IP,
Continuous Performance Test-Identical Pairs. Note: ∗p < 0:05, ∗∗p < 0:01, ∗∗∗ p < 0:005, ∗∗∗ ∗p < 0:001.
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independent-samples t-test, or the Kruskal-Wallis test for
continuous variables, and the Chi-square test for categorical
variables. The MCCB scores among three groups were also
compared in SPSS, using a one-way analysis of covariance
(ANCOVA) with diagnosis as an independent factor, and
gender and age as covariates. The GMVs were analyzed in
SPM8 and Data Processing Assistant for Resting-State fMRI
(DPABI, 2.3, Advanced edition), and ANCOVA was also
used with diagnosis as an independent factor, and gender
and age as covariates. To determine the significant brain
regions statistically, which were identified by the Anatomical
Automatic Labeling (AAL) template, we set p < 0:001 for
each voxel and p < 0:05 for multiple comparisons (Gaussian
random field (GRF) correction). GMVs were extracted from
these significantly different regions and compared between
each pair (p < 0:05, Bonferroni correction). Then, the partial
correlation analysis was employed to analyze the relationship
between abnormal MCCB scores and extracted significantly
GMV values with gender and age as controlled factors, and
the significance level at p < 0:05 (false discovery rate (FDR)
correction).

3. Results

3.1. Demographic and Clinical Analyses. Among the SZ, BD,
and HC groups, the differences in age, gender, and education
were not significant, and all participants were right-handed.
For scale scores, significant group effects were found in
HAMD-17 (p = 0:001) and BPRS (p < 0:001), but not YMRS
among the three groups. The duration of the illness and the
proportion of the medication use were not significantly dif-
ferent between the SZ and BD groups, but the type of drug
was different. The SZ group used more antipsychotic drugs
(p = 0:007), while the BD group utilized more mood stabi-
lizers (p < 0:001). The first-episode status was different
between the two patient groups (p = 0:007). More analyses
about the first-episode status and medication are listed in
the supplemental file (Tables S1–S6). Details about
demographic and clinical data are presented in Table 1.

3.2. Cognitive Assessment Results. ANCOVA showed signifi-
cant differences in cognitive function among the three
groups. First, the composite score of the patients with SZ

Table 2: Clusters showing significant differences across BD, SZ, and HC groups with one-way ANCOVA.

Cluster Brain regions Voxels
Peak MNI coordinate

F p Post hoc analysis
x y z

A R-dorsolateral superior frontal gyrus 1638 24 49.5 28.5 11.629 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (P= 0.022∗)
SZ vs BD (p = 0.336)

B
L-orbital middle frontal gyrus

L-middle frontal gyrus
L-orbital superior frontal gyrus

1444 -28.5 60 -2.84 12.008 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (p = 0:036 ∗)
SZ vs. BD (p = 0:191)

C
L-rectus
R-rectus

1420 -7.5 36 -21 11.090 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (p = 0:03 ∗)
SZ vs. BD (p = 1:000)

D
R-insula

R-temporal pole-superior temporal gyrus
R-amygdala

1319 34.5 7.5 -19.5 13.476 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (p = 0:010 ∗)
SZ vs. BD (p = 0:298)

E L-superior temporal gyrus 943 -61.5 -58.5 15 15.155 <0.001∗
SZ<HC (p < 0:001 ∗)
BD vs. HC (p = 0:243)
SZ<BD (p = 0:006 ∗)

F L-insula 906 -33 7.5 19.5 12.144 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (p = 0:017 ∗)
SZ vs. BD (p = 0:341)

G
L-dorsolateral superior frontal gyrus

L-middle frontal gyrus
L-anterior cingulate and paracingulate gyri

856 -19.5 58.5 25.5 15.475 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (p = 0:006 ∗)
SZ vs. BD (p = 0:196)

H
L-insula

L-opercular inferior frontal gyrus
L-temporal pole-superior temporal gyrus

811 -48 16.5 1.5 14.456 <0.001∗
SZ<HC (P< 0.001∗)
BD<HC (P= 0.004∗)
SZ vs BD (p = 0.421)

I R-medial superior frontal gyrus 797 3 60 -1.5 10.622 <0.001∗
SZ<HC (p < 0:001 ∗)
BD<HC (p = 0:007 ∗)
SZ vs. BD (p = 1:000)

J R-supramarginal gyrus 565 64.5 -16.5 28.5 11.030 <0.001∗
SZ<HC (p < 0:001 ∗)
BD vs. HC (p = 1:000)
SZ<BD (p = 0:004 ∗)

GRF, Gaussian random field corrections; MNI, Montreal Neurological Institute; L, left; R, right; x, y, z, coordinates of peak voxel. ∗Significant at p < 0:05. Post
hoc analysis is the Bonferroni correction.
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and BD was lower than that of the HC subjects, but SZ man-
ifested worse than BD. For MCCB subtests, post hoc analyses
revealed that compared with HC, the SZ group showed
impairments in all 10 cognitive tasks, while the deficits of
the BD group were detected in 6 tasks, including Trail
Making Test A (TMT-A), Symbol Coding, Spatial Span,
Letter Number Span, Mazes, and Mayer–Salovey–Caruso
Emotional Intelligence Test (MSCEIT). Finally, the distinc-
tion between patients with SZ and BD in the Hopkins Verbal
Learning Test (HVLT-R), Letter Number Span, Mazes, Brief
Visuospatial Memory Test-Revised (BVMT-R), and Contin-
uous Performance Test-Identical Pairs (CPT-IP) was signifi-
cant (p < 0:05, Bonferroni correction; Figure 1).

3.3. Differences in GMV Groups. Significant group effects
were detected in 10 clusters across 17 brain regions. Com-
pared with HC, SZ and BD groups had decreased GMVs in
the bilateral insula, bilateral temporal pole-superior temporal
gyrus (TPOsup), limbic system (right amygdala and left ante-
rior cingulate and paracingulate gyri (ACG)), as well as sev-
eral regions of the frontal cortices (bilateral dorsolateral
superior frontal gyrus (SFGdor), right medial superior fron-
tal gyrus (SFGmed), left middle frontal gyrus (MFG), left
opercular inferior frontal gyrus (IFGoperc), left orbital mid-
dle frontal gyrus (ORBmid), left orbital superior frontal gyrus
(ORBsup), and bilateral rectus (REC)). Besides, there were 2
regions (i.e., left superior temporal gyrus and right supramar-
ginal gyrus) reduced only in the SZ group (p < 0:05, Bonfer-
roni correction; Table 2 and Figure 2).

3.4. Correlation between GMVs and MCCB. No correlation
was observed between MCCB scores and GMVs in subjects

with SZ anywhere across 17 altered brain regions. Neverthe-
less, a series of links were detected in the BD group, concen-
trating on the cognitive subtest across Spatial Span and Letter
Number Span, which comprised working memory. Specifi-
cally, the scores of Spatial Span were relevant to the right
SFGdor, and the scores of Letter Number Span were affected
by the right insula, amygdala, TPOsup, and SFGmed.
(q < 0:05, FDR correction; Figure 3).

4. Discussions

This study focused on probands with remitted SZ and BD,
from cognitive impairments, GMV alterations, and the
correlation between them, in which substantial similarities
and differences were observed.

Considering the composite cognition, all patients with SZ
and BD had deficits, and the performance of SZ was poor,
which was consistent with the findings of prior studies on
cognitive deficits [4, 39], wherein SZ has a worse composite
score than BD. In terms of every cognitive subtest of MCCB,
the SZ group showed impairments in overall 7 cognitive
domains, whereas the BD group presented cognitive impair-
ments only in 4 domains, that is, processing speed, working
memory, problem solving, and social cognition, just like the
findings of several cross-sectional studies [6, 40, 41]. How-
ever, some studies have found other impaired cognitive
domains in patients with BD, such as deficits in visual and
verbal learning found by Van Rheenen and Rossell [34].
Another study that selected BD patients during the onset
found no problem solving or social cognitive abnormalities
[35]. These conflicting results may be due to the emotional
states of patients which were different from our study. Addi-
tionally, the BD group performed better than the SZ group in
verbal learning, working memory, problem solving, visual
learning, and attention, which was similar to the result of
another study that concentrated on the verbal episodic mem-
ory of SZ and BD [42]. According to the findings above, the
cognitive impairments of patients with SZ were more severe
than those of patients with BD, broad consent with previous
studies [36, 43].

Regardless of probands with SZ or BD, the alterations of
GMVs in every brain region which was discovered differ-
ences from HC were reduced. This result was supported by
other authors. For example, several authors documented
the entire cortex volume reductions in patients with SZ
who had cognitive impairments [44], and others reported
that cognitively impaired patients with SZ and BD exhibited
small total brain volumes [45]. Relative to HC, the common
brain structural changes in both patient groups were mainly
concentrated on 4 areas, including insular, temporal cortex
(bilateral TPOsup), limbic system (right amygdala and left
ACG), and frontal cortices (bilateral SFGdor, right SFGmed,
left MFG, left IFGoperc, left ORBmid, left ORBsup, and bilat-
eral REC), which was consistent with the results of a review
that summarized the findings of GMV comparisons between
SZ and BD and pointed overlapping reductions in the insula
and ACG [46], and following the results of a matched control
study that indicated small GMVs within frontal and temporal
regions in both SZ and BD [47]. This result also agreed with

L R

7.28 15.82

7.28 14.49

Figure 2: GMV alteration among BD, SZ, and HC. Significant at
p < 0:05 with voxel p < 0:001 (GRF correction). Blue colour
indicates relatively lower GMVs values in both BD and SZ. Green
colour indicates relatively lower GMVs values in SZ.
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the findings of other studies [21, 25, 29]. Besides, as early
studies detected, our study also reported that GMV damages
in patients with SZ covered more areas than those with BD,
that is, primarily left STG and right SMG [46, 48].

The results of the correlation analysis showed that only
the BD group had associations between cognitive impair-
ments and GMV alterations. The decreased working memory
of BD was related to reduced GMVs of the right hemisphere,
containing the right insula, amygdala, TPOsup, SFGmed,
and SFGdor. However, the study on the association between
cognitive deficits and GMV damages in patients with BD was
limited. There was a study on the gray matter density of pedi-
atric patients with BD, in which the reductions of the left
orbitofrontal cortex are associated with working memory
[49]. The differences from us may be due to the age range
of the participants, because the gray matter of the child is still
in the developmental stage. As for other cognitive impaired
domains of BD, they were independent of GMV alterations,
including processing speed and social cognition, against
previous surveys.

However, the probands with remitted SZ, who had more
cognitive impairments and GMV alterations, were unde-
tected any association between MCCB subtest scores and
extracted values from changed brain regions. This result
was different from those of prior studies. For example, one
study in a Chinese Han population with SZ reported
impaired working memory was correlated with GMV reduc-
tions and fractional anisotropy decrease in prefrontal and
superior temporal area [50], but they applied a different
method—multimodal fusion, to measure brain abnormity.
Another study informed the link between hippocampal sub-
region volumes and cognitive performance in visual, verbal,

and working memory [51], whereas we found no alterations
around hippocampal. Because we aimed to identify neuroim-
aging substrates of cognitive impairments in psychiatric dis-
orders, other nonaltered regions were not performed a
correlation analysis, which may also be associated with cog-
nition but not related to the diseases. Meanwhile, the findings
of a Japanese research suggested that the anterior cingulate
and medial frontal cortices volumes affect working memory
in SZ [52]. Divergence may be considered since the patients
included in the study were disease-onset, whereas the mood
state and/or psychotic symptoms have an effect on GMVs
[29]. Another important reason for the differences from
others was that we used partial correlation analysis with
gender and age as controlled factors, so that the results were
net and little.

Whether the neurobiological mechanism behind SZ and
BD cognitive impairment is consistent has been controver-
sial. In recent years, some researchers propose a continuum
between SZ and BD [53], so that the mechanism of the two
diseases should be the same. However, our results supported
the traditional view that the two diseases are independent of
each other. Some studies have explored the mechanism by
functional magnetic resonance imaging or white matter
integrity [52, 54], and the results are also divergent. There
cannot be a conclusion on this matter whether cognitive
impairment is caused by a single lesion or multiple lesions,
yet in terms of our results, the patterns of SZ and BD were
different.

Overall, this is the first study that focused on probands
with remitted SZ and BD from the neurobiological mecha-
nism behind cognitive impairment, using MCCB to assess
cognitive function and GMVs to measure brain structural
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Figure 3: Correlations between MCCB scores and GMVs in BD. Significant at q < 0:05, FDR correction.
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alterations. We eliminated the effects of the mood state
and/or psychotic symptoms by strictly limiting the state of
the disease. Our results added meaningful evidence for the
study of cognitive impairment mechanisms in psychiatric
illnesses.

5. Limitations

Themajor limitations of the study were the effects of the first-
episode status and medication on cognition and GMV alter-
ations. After analyzing these factors in the two patient
groups, we made some findings. The first-episode status
and the use of antipsychotic affected the working memory
of both patient groups. The effect of mood stabilizer was only
on the GMV alterations in the SZ group. Details were listed
in the supplemental file (Tables S1–S6). Hence, additional
large-scale surveys with strict limitations are needed.

6. Conclusions

SZ and BD groups had shared cognitive impairments and
GMV alterations, but the SZ group was more severe than
the BD group in both fields. The association between the
two fields was mainly limited to the BD group. Consequently,
the underlying pathophysiology of cognitive deficits, at least
brain structure, may be diverse between two disorders.
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