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Abstract

Objective: Impaired cognitive function is a central symptom of schizophrenia and is often correlated with inferior
global functional outcomes. However, the role of some neurobiological factors such as cortical structure alterations in
the underlying cognitive damages in schizophrenia remains unclear. The present study attempted to explore the neu-
robiomarkers of cognitive function in drug-naive, first-episode schizophrenia by using structural magnetic resonance
imaging (MRI).

Methods: The present study was conducted in patients with drug-naive, first-episode schizophrenia (57) and healthy
controls (HCs). MRIT1 images were pre-processed using CAT12. Surface-based morphometry (SBM) was utilised to
evaluate structural parameters such as cortical thickness and sulcus depth. The positive and negative syndrome scale
(PANSS) and Chinese version of the Measurement and Treatment Research to Improve Cognition in Schizophrenia
(MATRICS) consensus cognitive battery (MCCB) were employed to estimate the psychotic symptoms and cognition,
respectively.

Results: A total of 117 patients with drug-naive first-episode schizophrenia (SZ) and 98 healthy controls (HCs) were
included. Both the cortical thickness and sulcus depth in the frontal lobe were lower in patients with SZ than in the

HCs under family-wise error correction (p <0.05). Attention and visual learning in MCCB were positively correlated
with the right lateral orbitofrontal cortical thickness in the patients with SZ (p<0.01).

Conclusions: The reduced surface value of multiple cortical structures, particularly the cortical thickness and sulcus
depth in the frontal lobe, could be the potential biomarkers for cognitive impairment in SZ.
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Introduction

Schizophrenia, a persistent and disabling psychiatric dis-
order, affects 0.5-1% of the global population and is com-
monly characterised by a range of positive, negative, and
cognitive symptoms [1, 2]. Although positive symptoms
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in the form of hallucinations and delusions are the most
distinctive features of the disorder, cognitive impairment
usually precedes the onset of psychosis and is a reliable
predictor of the overall long-term social functional out-
come [3]. Cognitive domains such as working memory,
executive function, and attention are generally damaged
in schizophrenia [4, 5]. Several studies have exhibited
that cognitive impairments such as decline in execu-
tive function occur in the initial stages or at the onset of
schizophrenia [6]. Cognitive impairment is observed
throughout the course of schizophrenia, and the degree
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of cognitive recovery is strongly associated with the indi-
vidual prognosis [7].

The Measurement and Treatment Research to Improve
Cognition in Schizophrenia (MATRICS) Consensus Cog-
nitive Battery (MCCB) is a typical and representative
cognitive testing tool that has been extensively employed
in China to assess the cognitive function in patients with
neuropsychiatric disorders such as schizophrenia and
bipolar disorder [8]. The reliability and validity of MCCB
have been verified through the development and revi-
sion by researchers, system testing, and clinical trials [9].
Numerous studies have demonstrated that patients with
both first-episode and chronic schizophrenia exhibit cog-
nitive deficits in multiple cognitive functions evaluated
using MCCB [10, 11].

Several animal and cadaver brain studies support the
neurodevelopmental hypothesis of schizophrenia, which
indicate that the brain development in schizophrenia is
abnormal [12, 13]. MRI studies have demonstrated the
aberrant structure and function of the brain in schizo-
phrenia, including structural abnormalities such as
altered grey matter volume [14], thickness, and gyrifica-
tion [15]. Some variations in the grey matter volume or
thickness of the brain are significantly associated with
cognitive damage in patients with schizophrenia, and
the abnormal frontal and temporal lobes are commonly
considered the critical areas [16]. The results of studies
that have explored the neurodevelopmental mechanisms
of schizophrenia have been inconsistent. Heterogeneity
among these studies may be attributed to the factors such
as variations in medications, multiple-episode courses,
duration of illness, and study samples.

Thus, the present study was conducted in patients with
drug-naive first-episode schizophrenia (SZ) and healthy
controls (HCs). MCCB was used to assess cognition, and
surface-based morphometry (SBM) was used to investi-
gate the structure of cortical matter in patients with SZ
and HCs. The grey matter microstructure can be quan-
titatively assessed through voxel-based morphometry
(VBM) and SBM. SBM is more sensitive and better at
detecting the brain structure variation than VBM. The
present study performed a hypothesis-free analysis and
attempted to explore the altered brain grey matter based
on cortical thickness and sulcus depth in patients with
SZ and HCs. Furthermore, the study attempted to iden-
tify the specific brain grey matter aberrations that are
responsible for causing cognitive deficits in patients with
SZ.
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Materials and methods

Subjects

The present study was conducted in drug-naive first-
episode schizophrenia (SZ) and healthy controls (HCs).
SZ in all the patients was diagnosed by two experienced
psychiatrists according to the criteria specified in the
diagnostic and statistical manual of mental disorders
(DSM)-IV. Inpatients or outpatients in Nanjing Brain
Hospital, Jiangsu, China, were included in the study. All
the patients meeting the eligibility criteria were volun-
tarily recruited continuously from 2016 to 2020. Right-
handed patients between 16 and 45 years of age, with
an intelligence quotient (IQ) of>70 and a duration of
untreated SZ <24 months, who were never treated with
antipsychotic medications or physical therapy were
included in the study. Pregnant women, patients with
a history of mental illness, and those contraindicated
for magnetic resonance imaging (MRI) scanning were
excluded from the study. The clinical trial was approved
by the Institutional Review Committee of the Affiliated
Brain Hospital of Nanjing Medical University. All experi-
mental procedures were performed in accordance with
the Declaration of Helsinki and other relevant regula-
tions. Written informed consent was obtained from all
the participants before conducting the study.

All HCs in the present study were enrolled con-
secutively from the community through poster adver-
tisements. The absence of psychosis in the HCs was
confirmed by a professional psychiatrist who used the
Structured Clinical Interview for DSM-IV-TR Axis I
disorders: Patient edition. Additionally, the HCs were
examined for the absence of any significant medical
or neurological illness, pregnancy, suicidal tendency,
history of alcohol or drug abuse, or MRI scanning
contraindications.

Clinical measurement

Clinical demographic information was provided by the
patients and their caregivers. The right-handedness of all
patients was determined using the Oldfield Handedness
Questionnaire. The IQ and psychopathology outcomes
of the participants were estimated using the Wechsler
adult scale of intelligence and the positive and negative
syndrome scale (PANSS) comprising three subscales,
namely positive symptoms (PANSS-P), negative symp-
toms (PANSS-N), and general psychiatric symptoms
(PANSS-G) [17]. Repeated assessment for the PANSS
total score maintained an inter-rater correlation coeffi-
cient of >0.8. The Chinese version of the MCCB includes
a measure of cognitive function, and the final scores were
adjusted for age, sex, and years of education. MCCB
comprises the following seven psychological dimensions
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and 10 sub-tests [18]: (1) processing speed: trail making
test, digit symbol coding subtest, and semantic verbal
fluency test; (2) attention/vigilance: continuous perfor-
mance test-identical pairs; (3) working memory: digital
sequencing test and space span test; (4) verbal learning
and memory: Hopkins verbal learning test-revised; (5)
visual learning and memory: brief visuospatial memory
test-revised; (6) reasoning and problem solving: mazes
test; (7) social cognition: emotion management test.

MRI data pre-processing

All MRI data were obtained from the Nanjing Brain
Hospital, Jiangsu, China, and an MRI system at 3.0 T
(Siemens, Skyra, Germany) was applied. The follow-
ing MRI parameters of the 3D T1 gradient echo were
recalled in (fast field echo) sequence: repetition time
(TR)=2500 ms, echo time (TE)=2.96 ms, flip angle
(FA)=9°, field of view (FOV)=256x256 mm, slice
per slab=192, voxel size=1.0x1.0x1.0 mm, slice
thickness =1.0 mm.
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Data analysis

The independent sample ¢-test, analysis of variance
(ANOVA), and the Chi-squared test were used to com-
pare the demographic and clinical data. SPSS version
25.0 was used for data analyses.

The Computational Anatomy Toolbox for SPM
(CAT12) was used to process cortical thickness
and sulcus depth [19]. The specific process is as follows:
1. pre-processing: cortical surface estimation, topologi-
cal correction, and spherical mapping or registration;
2. index extraction: cortical thickness and sulcus depth
were resampled or smooth surfaces by using 15- and
20-mm full width at half maximum (FWHM) Gauss-
ian kernel, respectively; 3. statistical analysis: analysis
of covariance (ANCOVA) was used to compare differ-
ences between patients with SZs and HCs by utilising
age, education level, and sex as covariates, and family-
wised error (FWE) correction was used for multiple
comparisons (p <0.05) [20, 21]. Additionally, the Pear-
son correlation test was performed for assessing the

Table 1 Sociodemographic and neonatal characteristics and results of the neuropsychological assessment of the SZs and HCs

SZs (n=117) HCs (n=98) Statistic

Mean +SD Mean +SD t/t'/X? p
Age (years) 24.73+7.01 26.53+£7.05 t'=—047 0.062
Gender (male/female) 86/31 58/40 X?=032 0.030
Handedness (right/left) 115/0 98/0
Years of education 13.18£2.79 14144231 t'=—231 0.022
DUP (months) 15.77+£14.56 NA
WAIS (1Q) 102.80+11.69 116.67+9.15 '=—2817 0.000
Cognitive domains
Speed of processing 3352+£10.25 49.364+9.74 '=—9.86 0.000
Attention/vigilance 36.12£10.82 47964736 '=—788 0.000
Working memory 34124967 4512+£7.12 t'=—797 0.000
Verbal learning 35.16+£11.08 46.70+9.77 '=—6.86 0.000
Visual learning 3943£11.86 50.73£8.04 '=—6.87 0.000
Reasoning/problem solving 43.57+10.69 5445+7.06 t'=—1739 0.000
Social cognition 32.69£9.87 39.56£9.16 t'=—449 0.000
Executive function 36.30£11.01 5233£8.50 t'=—10.07 0.000
overall composite 28.55+12.23 47004753 t'=—1146 0.000
PANSS
All totals 91.48+7.88 NA
Positive symptoms 16.16+2.80 NA
Negative symptoms 18954320 NA
General 46.13+3.83 NA
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Fig. 1 The difference in each cognitive domain of MCCB between the patients with SZ and HCs (p < 0.001). Seven cognitive domain scores in the
patients with SZ and HCs. The patients with SZ exhibited significantly lower scores in all seven cognitive domains than HCs. ***p <0.001 compared
with healthy controls at the same cognitive domain

association among values of different brain regions and
clinical data.

Results

Demographic and clinical measures

One hundred and seventeen patients with drug-naive
first-episode SZ and 98 HCs were included. Table 1
presents the demographic and clinical data of all the
patients. The SZ patient group exhibited a lower edu-
cation level and a lower percentage of women than the
HC group (=-— 231, p=0.22; x*=0.32, p=0.030,

respectively). No significant difference was observed in
the age between these two groups (p>0.05). Both the
total score and subscore in MCCB were lower in the SZ
patient group than in the HC group (all p <0.001) (Fig. 1).

Cortical thickness comparisons between the groups

Table 2 presents the cortical thickness difference between
the patients with SZ and HCs evaluated using ANCOVA,
with age, sex, and education years as covariates. Patients
with SZ exhibited reduced thickness in the right insula
and right pars triangularis, right pars opercularis, right
lateral orbitofrontal, and right precentral cortices (all

Table 2 Significant clusters showing group differences in cortical thickness (FWE correction, p <0.05)

Cortical region (hemisphere) Cluster size, vertices p value Coordinates of the max
X y z
33% insula (R) 1763 0.000 34 24 9

29% pars triangularis (R)
28% parsoperculairs (R)
9% later orbitofrontal (R)
1% precentral (R)

This chart is Desikan—Killiany DK40 Atlas (L: left, R: right)
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correct, p<0.05. The colour bars represent t values

cortical thickness,SZs<HCs,right

Fig. 2 Differences in cortical thickness and sulcus depth between the patients with SZ and HCs. Results of between-group two-sample t tests; FWE

Table 3 Significant clusters showing group differences in sulcus
depth (FWE correction, p <0.05)

Coordinates of the
value Max

Cortical region Cluster p
(hemisphere) size,

vertices
X y z

92% rostral middle frontal (L) 1569 0.000 —24 52 5
8% superior frontal (L) —23 51 5
56% rostral middle frontal (R) 1470 0.000 25 61 7
58% superior frontal (R) 31 49 7
2% frontal pole (R)

100% superior frontal (R) 1363 0.001 7 23 40

This chart is Desikan—Killiany DK40 Atlas (L: left, R: right)

p<0.05, FWE correction). Figure 2 is an excerpt from the
original map of CAT12, illustrating the specific differen-
tial brain regions.

Sulcus depth comparisons between the groups

In Table 3, the patients with SZ exhibited lower sulcus
depth in six regions, namely left rostral middle frontal,
left rostral middle frontal, left superior frontal, right
rostral middle frontal, right superior frontal, and right
frontal pole, than HCs (all p<0.05, FWE correction).
Figure 2 is an excerpt from the original map of CAT12,
illustrating the specific differential brain regions.

Correlation analysis

The abnormal brain region values in the patient group
were extracted. Partial correlation analysis was used to
determine the correlation among clinical data after cor-
recting for age, sex, and education. The right lateral
orbitofrontal cortical thickness was positively correlated
with the attention and visual learning in patients with
SZ (r=0.450, p<0.01, r=0.335, p<0.01, respectively)
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(Fig. 3). Additionally, no significant correlation was
observed between sulcus depth and cognitive outcomes
in the present study. No significant correlation was
observed between cortical thickness or sulcus depth
and the PANSS subscale score in the patients with SZ
(p>0.05). Additionally, correlation analyses revealed no
obvious associations between the mean values of cortical
surface and cognitive domain scores in the HCs.

Discussion

The cognitive function, cortical thickness, and sulcus
depth in different brain regions were compared between
the patients with SZ and HCs. Additionally, the correla-
tion of the altered cortical thickness and sulcus depth
with cognitive deficits in patients with SZ was analysed.
Compared with HCs, the patients with SZ exhibited
extensive cognitive impairments, including those related
to attention, visual learning, and working memory.
Moreover, the patients with SZ exhibited lesser cortical
thickness in five brain regions (namely the right insula,
right pars triangularis, right pars opercularis, right lat-
eral orbitofrontal, and right precentral) and lower sulcus
depth in six brain regions (namely the left rostral middle
frontal and left rostral middle frontal, left superior fron-
tal, right rostral middle frontal, right superior frontal,
and right frontal pole) than HCs. The cortical thickness
in the right lateral orbitofrontal was positively correlated
with cognition, particularly attention and visual learning,
in the patients with SZ.

Numerous studies have reported several cognitive
impairments in patients with schizophrenia [22], espe-
cially in chronic patients with a long disease course [23,
24]. However, the mechanism of cognitive damages
in schizophrenia remains unknown [25]. Studies have
exhibited that although the long-term antipsychotic use

can help in improving mental symptoms and disease con-
trol, it may cause cognitive impairment in patients [26].
Therefore, antipsychotics may be a crucial factor for cog-
nitive impairment. However, some studies have indicated
significant improvements in individuals in the prodro-
mal stage of schizophrenia without medication [7, 27].
Although the results of these studies are inconsistent,
MCCB has often been considered as the current main-
stream tool for identifying cognitive function damages
in the early stage of schizophrenia [11, 28]. Additionally,
the GEOPTE scale, in which the subjective experience of
patients is used for evaluating cognitive functions, espe-
cially social functioning, exhibits superior psychometric
behaviour in terms of both internal consistency and cor-
relation with clinical global variables, mood, and degree
of insight [29]. Additionally, the cognitive function, par-
ticularly the social function, has vital clinical significance,
including in predicting disease development and evaluat-
ing patient recovery, for young patients with psychiatric
disorders and other high-risk groups. Targeted special-
ised interventions can also improve the social function of
early psychosis and improve the quality of life of patients
[30, 31]. The medications and long disease course can be
reduced, and the pathological mechanism can be uncov-
ered by studying the characteristics and possible mecha-
nisms of cognitive impairment in first-episode untreated
patients, which can further promote drug research and
development.

Compared with HCs, the patients with SZ exhibited
increased reduction in the cortical thickness in several
brain regions, including the right insula, right pars trian-
gularis, right pars opercularis, right lateral orbitofrontal,
and right precentral. A study exhibited that the thickness
of the left insula and superior temporal gyrus in patients
with SZ was significantly thinner than that in HCs [32];
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however, the study did not assess the cognitive function.
Additionally, other studies have exhibited a significant
decrease in cortical thickness, mainly in the frontal and
temporal lobes, in patients with schizophrenia com-
pared with that in HCs [33]. Several studies have sug-
gested that the structural changes in the frontal and the
insula lobe may be linked to schizophrenia pathogenesis.
These findings are concurrent with those of the present
study. Animal studies have also exhibited that the use of
antipsychotics can modulate the frontal lobe function,
thereby improving psychotic symptoms [34]. This find-
ing further suggests that antipsychotics may improve the
clinical symptoms of patients with schizophrenia by reg-
ulating the structure or function of the frontal cortex. In
the present study, variations in cortical thickness in the
right lateral orbitofrontal were associated with cognitive
impairment, including attention and visual learning, in
patients with SZ. Another study exhibited that the loss
of grey matter in bilateral superior temporal gyrus and
left frontal lobe in patients with schizophrenia may be
related to attention, which may reflect as disease-related
grey matter damage in patients with SZ, thus disrupting
the functional-structural relationship [35]. Some studies
have exhibited a diagnostic interaction between verbal
IQ and the thickness of right temporo-occipital junction
and the left middle occipital gyrus in patients with schiz-
ophrenia [36]. Patients with schizophrenia also exhibit an
association between working memory and right medial
and superior temporal cortex thickness, suggesting that
these patients may use a larger compensatory network
of brain regions outside the frontal cortex for working
memory [37]. Findings of some of the aforementioned
studies are inconsistent with our results, which may be
due to differences in the sample size, drug administra-
tion, or disease course. However, a consensus exists on
the changes in the cerebral cortical structure in schizo-
phrenia, and these changes may be associated with cog-
nitive impairment.

Patients with SZ exhibited changes in sulcus depth,
mainly in the left rostral middle frontal, left rostral
middle frontal, left superior frontal, right rostral middle
frontal, right superior frontal, and right frontal pole.
Several studies focusing on the olfactory sulcus have
reported that variations in the olfactory sulcus depth
that existed before the onset of psychosis can predict
the transition of psychosis. Additionally, these studies
have indicated that the morphology of the olfactory
sulcus changes during the disease course [38, 39]. These
studies may not be comprehensive enough to study
the neurodevelopmental mechanism of schizophrenia
owing to the limitation of the studied brain regions
and the sample inconsistency. A study indicated that
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the gestational disruption underlying schizophrenia
is likely to predate, and the burden of cognitive dam-
ages may be associated specifically with the aberrant
superior frontal development, which is apparent in
late second trimester [40], suggesting that brain sul-
cus depth changes in the olfactory and superior frontal
may be involved in the development of schizophrenia.
Additionally, the frontal lobe plays a critical role in the
integration and regulation of higher neural activities
in humans [41]. Furthermore, a study exhibited that
abnormal spontaneous activities in the right middle
frontal gyrus indicate the severity and cognitive dam-
ages of disease [42]. The present study observed that the
sulcus depth changes in patients with SZ were concen-
trated in the frontal lobe compared with those in HCs.
Only a few studies have investigated the cerebral sulcus
and cognitive impairment in schizophrenia, and the
association between abnormal sulcus depth and cog-
nitive impairment has not been reported. The present
study exhibited that both cortical thickness and sulcus
depth abnormalities in schizophrenia are concentrated
in the prefrontal lobe. This finding is concurrent with
those of other studies and indicates a possible correla-
tion between cortical thickness and cortical complex-
ity. Moreover, the present study excluded the effects
of drugs and long disease duration, which might have
increased the reliability of the study findings.

Additionally, previous studies have found that
patients with schizophrenia demonstrate varying
degrees of metabolic abnormalities, including those
related to thyroid hormones, steroids, and glucose
metabolism. Some studies have reported that patients
with first-episode psychosis have reduced thyroid-stim-
ulating hormone levels, although thyroid-stimulating
hormone level was shown to be increased in patients
with multiple-episode schizophrenia [43]. Some stud-
ies suggest that the sex hormone level in schizophre-
nia reflects the disease severity. Moreover, the serum
progesterone level was reported to be negatively corre-
lated with the PANSS total score and PNASS positive
score [44]. Mildly elevated prolactin levels were asso-
ciated with higher total PANSS scores in first-episode
untreated women with schizophrenia [45]. Some schol-
ars have speculated that the oxidation—antioxidant
imbalance may be one of the influencing factors lead-
ing to mild cognitive impairment in schizophrenia [46].
The present study indicates that patients with schizo-
phrenia exhibit changes in the endocrine and metabolic
levels, which may affect the cognitive level of these
patients. This suggests that we need to pay attention to
the relationship between metabolic changes and brain
structure and cognition in schizophrenia.
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Limitations

The present study has certain limitations. First, the
effects of drugs and course of disease were not studied;
hence, our cognitive evaluation was not detailed enough.
Second, the cross-sectional design of the study prevented
the prediction of neurobiological factors that may affect
the SZ outcome. Moreover, some studies have exhibited
that the cortical thickness decreases with age in healthy
individuals, and therefore, attenuated group differences
should have been considered in this research. Simultane-
ously, the inclusion of high-risk groups of schizophrenia
and longitudinal analysis of their data would have been
helpful in identifying the sensitive factors for schizophre-
nia. Finally, we chose the commonly used parameters in
the MRI data processing, which may exhibit a few effects
on the image.

Conclusions

Local reductions in the cortical thickness and sulcus depth,
particularly in the superior frontal, lateral orbitofrontal,
and post central regions, were observed in patients with
SZ. This finding provides evidence for structural abnormal-
ities in SZ. Additionally, the association of cortical thick-
ness with cognitive ability and mental health outcomes was
observed. Therefore, this study suggests that the cortical
structure may provide biomarkers for SZ.
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