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Abstract

Several resting-state neuroimaging studies have indicated abnormal regional homogeneity (ReHo) in chronic schizophrenia;
however, little work has been conducted to investigate naive patients with first-episode schizophrenia (FES). Even less inves-
tigated is the association between ReHo measures and clinical symptom severity in naive patients with FES. The current study
evaluated ReHo alterations in whole brain, and assessed the correlations between ReHo measures and clinical variables in naive
patients with FES. Forty-four naive patients with FES and 26 healthy controls (HC) underwent resting-state functional magnetic
resonance imaging (rs-fMRI). Group-level analysis was utilized to analyze the ReHo differences between FES and HC in a
voxel-by-voxel manner. Severity of symptoms was evaluated using a five-factor model of the Positive and Negative Syndrome
Scale (PANSS). The correlation between the severity of symptoms and ReHo map was examined in patients using voxel-wise
correlation analyses within brain areas that showed a significant ReHo alteration in patients compared with controls. Compared
with the healthy control group, the FES group showed a significant decrease in ReHo values in the left medial frontal gyrus
(MFG), right precentral gyrus, left superior temporal gyrus (STG), left left middle temporal gyrus (MTG), left thalamus, and
significant increase in ReHo values in the left MFG, left inferior parietal lobule (IPL), left precuneus, and right lentiform nucleus
(LN). In addition, the correlation analysis showed the PANSS total score negatively correlated with ReHo in the right precentral
gyrus and positively correlated with ReHo in the left thalamus, the positive factor positively correlated with ReHo in the right
thalamus, the disorganized/concrete factor positively correlated with ReHo in left posterior cingulate gyrus (PCG), the excited
factor positively correlated with ReHo in the left precuneus, and the depressed factor negatively correlated with ReHo in the right
postcentral gyrus and positively correlated with ReHo in the right thalamus. Our results indicate that widespread ReHo abnor-
malities occurred in an early stage of schizophrenic onset, suggesting a potential neural basis for the pathogenesis and symp-
tomatology of schizophrenia.
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Introduction

Schizophrenia is a chronic, severe, and disabling mental dis-
ease, which affects about 1% of the entire population and
imposes a considerable burden on patients, their families,
and society (Tandon et al. 2010). The etiology and pathogen-
esis of schizophrenia are not yet clear. Given that the brain
consumes a considerable amount of energy even in the
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absence of tasks (when a subject is awake and in the resting
state), studies of the resting-state brain function are likely to
provide important information (Raichle and Gusnard 2005).
Numerous studies of electroencephalography (EEG) (Pascual-
Marqui et al. 1999), positron-emission tomography (PET)
(Levy et al. 1992) and single photon emission computed to-
mography (SPECT) (Catafau et al. 1994) have provided evi-
dence that abnormal spontaneous neuronal activity is poten-
tially the underlying pathophysiologic mechanism of schizo-
phrenia. Thus, studying the resting-state electric activity is
crucial to understanding the neurobiological substrate of
schizophrenia because the abnormal brain activity in the rest-
ing state may play a crucial role in the neurobehavioral man-
ifestations of schizophrenia (Xiao et al. 2017). Abnormal
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spontaneous neuronal activity in schizophrenia has been wide-
ly reported in the literature; however, the results are inconsis-
tent (Ebmeier et al. 1993; Kaplan et al. 1993; Boutros et al.
2008; Parellada et al. 1994; Knott et al. 2001; Lee et al. 2006).

Resting-state functional magnetic resonance imaging (rs-
fMRI), a novel magnetic resonance imaging technique, has
been successfully implemented to reveal regional activity
and functional connectivity in schizophrenia patients
(Whitfield-Gabrieli et al. 2009; Liu et al. 2006). In recent rs-
fMRI studies, a regional homogeneity (ReHo) approach has
been adopted to analyze the blood oxygen level-dependent
(BOLD) signal of the brain. Based on the previous findings
that functional activity of fMRI data is more likely to occur in
clusters of several spatially contiguous voxels than in a single
voxel (Katanoda et al. 2002; Tononi et al. 1998), ReHo as-
sumes that a given voxel is temporally similar to those of its
neighbors, and could be used to detect the localized functional
connectivity or synchronization of information processing
with little interference from external stimuli, so it is better than
conventional MRI. Moreover, increasing evidences show that
local functional homogeneity has neurobiological relevance to
anatomical, developmental and neurocognitive factors, lead-
ing to its contribution to serving as a neuroimaging marker to
investigate the human brain function, behaviors and neuropsy-
chiatric disorders (Jiang and Zuo 2016; Jiang et al. 2015a).
Futhermore, researchers have demonstrated ReHo is an rs-
fMRI metric with high test-retest reliability because it has high
robustness against tempo-spatial noise and outliers (Zuo et al.
2013; Zuo and Xing 2014), which is important due to its direct
implication on its clinical applications. A recent meta-analysis
(Xiao et al. 2017) of ReHo data, pooling data of 316 schizo-
phrenic patients from 7 studies, concluded that several regions
showed abnormal synchronization compared with healthy
controls. In these studies, schizophrenia patients showed in-
creased ReHo in right superior frontal gyrus and right superior
temporal gyrus (STG), and decreased ReHo in left fusiform
gyrus, left STG, left postcentral gyrus, and right precentral
gyrus, which suggest that altered spontaneous brain activity
in the resting state may be related to the pathophysiology of
schizophrenia (Malaspina et al. 2004). However, the results
can be challenged due to lack of control for confounding fac-
tors such as illness duration, long-term exposure to antipsy-
chotic medication, and possible progressive brain atrophy
(Lui et al. 2010; Pardo et al. 2011; Hu et al. 2016).

The study of naive patients with first-episode schizophre-
nia (FES) is particularly instrumental in understanding the
neurobiology of schizophrenia, to some extent due to the op-
portunity to circumvent the impact of potential confounders
including illness chronicity, medication effects, and the med-
ical and psychiatric comorbidities that accompanied by chro-
nicity of illness (Buckley and Evans 2006). Compared to
many studies with chronic patients, relatively few studies have
been undertaken to explore patients with naive patients with
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FES (Xiao et al. 2017; Jiang et al. 2015b; Yang et al. 2014; Li
et al. 2015). The results have also been inconsistent. For ex-
ample, both decreased and increased ReHo have been
reported in patients with FES (Chen et al. 2013; Fang
2013). However, some authors only found increased
ReHo (Xiong 2016) or only found decreased ReHo
(Jiang et al. 2010). Thus, there is a need to explore
ReHo alterations in patients with FES.

As far as we know, studies on the relationship between
ReHo and clinical symptoms in FES are really sparse.
Though several studies have examined the relationship in
chronic schizophrenia, results are mixed. For instance, the
ReHo in the dorso-medial prefrontal cortex showed a negative
correlation with delusion severity in one study (Gao et al.
2015). However, no associations between ReHo map and
the clinical symptoms were identified in several other studies
(Liu et al. 2016; Yu et al. 2013; Cui et al. 2016). One study
showed (Yu et al. 2013) that abnormal ReHo was found to be
associated with impaired ability of specific information pro-
cessing and integration in chronic schizophrenia. The incon-
sistent conclusion from these studies likely attributes to the
small sample size, different patient characteristics (naive vs
medicated, acute vs chronic, in active phase vs in remission,
etc), limited brain regions investigated, and other confounding
factorsassociated with the illness chronicity and medication.
In the current study, which has a relatively larger sample than
those used in previous studies of naive patients, we also ex-
amined correlations between ReHo alteration and the psychot-
ic symptoms in patients with FES, using the five-factor model
of the Positive and Negative Syndrome Scale (PANSS), better
capturing the PANSS structure in patients with schizophrenia
(Jerrell and Hrisko 2013a; Jerrell and Hrisko 2013b; Lancon
et al. 2000; Wallwork et al. 2012).

Materials and methods
Subjects

Seventy-two naive Chinese inpatients (48 males) with a first
episode were recruited at the Nanjing Brain Hospital from
February, 2014 to March, 2015. All patients were diagnosed
using Structured Clinical Interview for DSM-IV Patient
Edition (SCID-I/P), and met the criteria for schizophrenia.
The patients had a mean + SD age of 24.2 + 6.0 years (range,
17-44), a mean + SD duration of illness of 10.6 +9.1 months
(range, 1-24), and a mean + SD education of 12.2 +3.1 years
(range, 2-20).

Thirty-one healthy controls (18 males), matched for age,
gender, and education, were recruited from Nanjing by adver-
tisements posted in the local community. Current mental sta-
tus and personal or family history of any mental disorder were
assessed by a trained and experienced psychiatrist. None of



Brain Imaging and Behavior (2019) 13:503-513

505

the controls presented a personal or family history of psychi-
atric disorder. The controls had a mean+ SD age of 22.3+
3.6 years (range, 18-31) and a mean + SD education of 13.7 +
2.9 years (range, 9-20).

General inclusion criteria for all the groups included
(1) aged 15-45 years, (2) right-handed, (3) an ability to
understand the survey instructions and contents. General
exclusion criteria included a history of significant head
injury, seizures, cerebrovascular disease, other neurolog-
ical disease, impaired thyroid function, learning difficul-
ties, and DSM-IV criteria for alcohol or substance abuse
or dependence in the past year.

Psychopathological assessment in patients

Two specialists who were unaware of the study objec-
tives rated the patient’s psychopathology using the
PANSS (Kay et al. 1987, 1988). PANSS is a widely
used multidimensional instrument for evaluating psy-
chotic symptoms and a five-factor model is regarded
to better capture the PANSS structure in patients with
schizophrenia (Jerrell and Hrisko 2013a, b; Lancon
et al. 2000; Wallwork et al. 2012). The PANSS provid-
ed the total score and five factor scores including pos-
itive (delusions, hallucinations, grandiosity, and unusual
thought content), negative (blunted affect, emotional
withdrawal, poor rapport, passive/apathetic social with-
drawal, lack of spontaneity, and motor retardation),
disorganized/concrete (conceptual disorganization, diffi-
culty in abstract thinking, and poor attention), excited
(excitement, hostility, uncooperativeness, and poor im-
pulse control), and depressed factor (anxiety, guilt feel-
ings, and depression).

Imaging acquisition

MRI data were acquired using a 3.0-T Siemens Verio
scanner with a standard head coil padded with foam to
reduce head motion and scanner noise. Sagittal three-
dimensional T1-weighted images were acquired using a
brain volume sequence with the following parameters:
repetition time (TR)=2530 ms; echo time (TE)=
2.3 ms; inversion time=900 ms; flip angle (FA)=7°;
field of view (FOV)=256 mm X256 mm; matrix =
256 x 256; slice thickness=1 mm, gap=0.5 mm; 192
sagittal slices; and acquisition time=353 s. RS func-
tional BOLD images were acquired using a gradient-
echo single-shot echo planar imaging sequence with
the following parameters: TR/TE =2000/30 ms, FOV =
240 mm x 240 mm, matrix =64 x 64, FA =90°, slice
thickness=4 mm, no gap, 30 interleaved transverse
slices, 171 volumes, and acquisition time =346 s. All
subjects were instructed to lie still with their eyes

closed, relax, move as little as possible, think of noth-
ing, and not fall asleep in particular during RS-fMRI
data acquisition (Biswal et al. 1995; Zang et al. 2004;
Greicius et al. 2003). All MRI were visually inspected
to ensure that only images without visible artifacts were
included in subsequent analyses.

Data preprocessing and processing

The fMRI data preprocessing was performed based on Matlab
2012a platform and Data Processing Assistant for Resting-
State fMRI (DPARSF, Advance edition) (Chao-Gan and Yu-
Feng 2010; Yan et al. 2016). The data were calculated in
original space warped by diffeomorphic anatomical registra-
tion via an exponentiated Lie algebra (DARTEL). The first ten
volumes for each participant were discarded to allow the sig-
nal to reach equilibrium and the participants to adapt to the
scanning noise. The remaining volumes were corrected for the
acquisition time delay between slices. All participants’ rest-
ing-state data were within the defined motion thresholds
(i.e., translational or rotational motion parameters
<2.5 mm or 2.5°). Then, images were spatially realigned
to the first image of each dataset and movement parameters
were assessed for each subject and corrected using the
Friston 24 approach (Friston et al. 1996). The data were
scrubbed to further correct for movement artefacts using
Frame-wise Displacement (FD, 0.5 mm) using a linear in-
terpolation approach (Power et al. 2012). Several nuisance
covariates (six motion parameters, their 1st time deriva-
tives, the global brain signal, the white matter signal, and
the cerebrospinal fluid signal) were regressed out as nui-
sance covariates. The datasets were then band-pass filtered
in a frequency range of 0.01-0.08 Hz. ReHo was performed
on a voxel-by-voxel basis by calculating Kendall’s coefficient
of concordance of time series within a cluster of neighboring
voxels in original space, and the details of the method were
described elsewhere (Zang et al. 2004). Cubic clusters of 27
voxels were used and the ReHo value of every cubic cluster
was assigned to the central voxel (Zang et al. 2004). To min-
imize the whole-brain effect, voxel ReHo values were scaled
by dividing each subject’s value by the mean value of their
whole-brain ReHo. In the normalization step, DARTEL
(Ashburner 2007) was used to normalize the data using each
subject’s structural image before removing linear drift. Then,
each ReHo map was spatially smoothed with a Gaussian filter
of 4 mm full width at half maximum (FWHM). Finally, we
obtained the swmReHo for statistical analysis.

Statistical analysis
Group-level analyses were carried out to examine brain

regions with significant detectable ReHo abnormalities
in schizophrenia. The ReHo maps were compared
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between FES and HC using permutation-based statistical
analysis with 5000 permutations, with age, gender, edu-
cation, and the probability of gray matter as covariates.
The statistical threshold was set at p<0.01, correcting
for multiple comparisons by threshold-free cluster en-
hancement (TFCE) (Smith and Nichols 2009). The re-
sultant significant ReHo decrease/increase areas in pa-
tients were used as inclusion masks in the following
voxel-wise correlation analysis.

Voxelwise correlation analyses were carried out to ex-
plore the correlation between the ReHo map and the total
score and each component of PANSS (positive, negative,
disorganized—concrete, excited, and depressed factor
score) in schizophrenia patients, respectively. Age, gender,
education, and illness duration were entered into the model
as covariates of no interest. The above-mentioned masks
were used to include only those voxels with significant
group differences. The permutation-based nonparametric
inference was undertaken with 5000 permutations. The sta-
tistical significance level was thresholded for correction of
multiple comparisons using TFCE of 0.05.

Statistical analysis of demographic and clinical data was
performed using SPSS software (PASW Statistics for
Windows, Version 18.0. Chicago: SPSS Inc). To compare
the differences between the two groups, two-sample t-test
was used for continuous variables and Chi-square test for
categorical variables. The height threshold of statistical signif-
icance was set at p <0.05.

Results
Demographic and clinical data

Data from 27 subjects (23 FES, 4 HC) were excluded
due to excessive head movement (more than 2.5 mm
maximum displacement in X, y, z or 2.5°f angular mo-
tion) during the fMRI acquisition; and additional 6 sub-
jects (5 FES, 1 HC) were excluded due to poor quality
of normalized images of ReHo. Therefore, the data from
70 subjects (44 FES, 26 HC) were available and used
for all analyses. The subject characteristics of FES and
HC groups are shown in Table 1. There were no signif-
icant differences between FES and HC groups in age
(two-sample t-test, £=0.98, p=0.33), gender (Chi-
square test,x2= 0.20, p=0.66), and education (two-sam-
ple ttest, t=—1.50, p=0.12).

Group differences in ReHo

In the current study, decreased ReHo values were ob-
served in the FES group compared with HC in the left
medial frontal gyrus (MFG), right precentral gyrus, left
STG, left middle temporal gyrus (MTG), and left thala-
mus (p<0.01 for all, corrected by TFCE; Fig. 1 and
Table 2). In contrast, increased ReHo values were found
mainly in the left MFG, left inferior parietal lobule
(IPL), left precuneus, and right lentiform nucleus (LN)

Table 1 Demographic data and clinical information in patients with schizophrenia and health controls
FES (n=44)" HC (n=26)" Statistics
Mean S.D. Mean S.D. t/x> P value
Age, years 23.7 53 22.6 3.7 0.98 0.33°
Gender (male/female) 31/13 17/9 0.20 0.66°
Handedness (right/left) 44/0 26/0 - -
Education, years 12.8 29 13.9 29 -1.50 0.12°
DUP, months 12.0 9.2 NA — —
PANSS
Total 102.0 16.7 NA - -
Positive factor 15.3 33 NA - -
Negative factor 24.7 7.5 NA - -
Disorganized/concrete factor 10.3 3.0 NA - -
Excited factor 9.5 4.1 NA - -
Depressed factor 9.3 35 NA - -

There was no significant difference between patient and healthy control groups in age, gender, and education (all p values >0.05)
FES first-episode schizophrenia, HC healthy controls, DUP Duration of untreated psychosis, PANSS Positive and Negative Sydrome Scale, NA not

applicable

“ Data from 27 subjects (23 FES, 4 HC) were excluded due to excessive head movement during the fMRI acquisition; and additional 6 subjects (5 FES, 1

HC) were excluded due to poor quality of normalized images of ReHo
® Two-tailed t-tests

¢ Two-tailed chi-square tests
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Fig. 1 Brain regions with significantly altered ReHo in schizophrenic
patients compared to control subjects. Statistically significant
differences in gray matter volume were defined as p<0.01, TFCE
corrected after correcting for age, gender, education, illness duration

in the FES group relative to HC (p<0.01 for all,
corrected by TFCE; Fig. 1 and Table 3). The compari-
son between the two groups was adjusted for age, gen-
der, illness duration and the probability of gray matter
as covariates. Then, the subsequent correlation analysis
in patients was performed within the ReHo decrease
mask and the ReHo increase mask, respectively.

and the probability of gray matter. Warm color indicates that ReHo
is higher in the schizophrenic patient group than in the healthy control
group, and vice versa

Correlations between ReHo values and PANSS scores

To investigate the relationship between the ReHo values and
PANSS scores in FES, we performed the voxel-wise correla-
tion analyses between the ReHo map and PANSS scores,
using age, gender, education, and illness duration as covari-
ates. There was a significant negative correlation between the

Table 2 Brain regions with

decreased ReHo in schizophrenic Region Hemisphere Cluster MNI coordinates (mm) t value
patients compared with healthy
controls (voxel) X y z
Frontal Lobe
MFG Left 82 -15 60 6 —4.31
Precentral Gyrus Right 191 51 0 30 -533
Temporal Lobe
STG Left 62 —45 -3 —6 -3.77
MTG Left 38 —42 —84 33 —3.63
Sub-lobar
Thalamus Left 581 —6 —24 9 —4.75

Statistically significant differences in ReHo were defined as p <0.01, TFCE corrected after correcting for age,
gender, education, and the probability of gray matter

MFG medial frontal gyrus, STG superior temporal gyrus, MTG middle temporal gyrus, MNI Montreal

Neurological Institute
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Table 3  Brain regions with increased ReHo in schizophrenic patients Discussion
compared with healthy controls

Region Hemisphere Cluster MNI coordinates (mm) tvalue  In the current study, a fully automated voxel-based method
was used to measure the whole-brain local synchronization
(voxel) x y z
Frontal Lobe
MFG' Left 38 42 9 42 374
MFG? Left 23 -3 36 48 3.56
Parietal Lobe
IPL Left 66 —42 —45 48 343
Precuneus Left 39 -3 =72 60 3.77
Sub-lobar
LN Left 24 -18 9 -3 3.97

Statistically significant differences in ReHo were defined as p <0.01,
TFCE corrected after correcting for age, gender, education, and the prob-
ability of gray matter. MFG' and MFG? represent two separate clusters
in the medial frontal gyrus

MFG medial frontal gyrus, /PL inferior parietal lobule, LN lentiform
nucleus, MNI Montreal Neurological Institute

PANSS total score (r=-0.40, p <0.05, corrected by TFCE,;
Fig. 2a) and the ReHo value in the right precentral gyrus, and a
significant positive correlation between the PANSS total score
(r=0.49, p <0.05, corrected by TFCE; Fig. 2b) and the ReHo
value in the left thalamus. Significantly positive correlation
between the positive factor (»=0.45, p <0.05, corrected by
TFCE; Fig. 2¢) and ReHo value was observed in the right
Thalamus. Moreover, we also found the disorganized/
concrete factor (»=0.38, p<0.05, corrected by TFCE; Fig.
2d) was significantly positively correlated with ReHo value
in the left posterior cingulate gyrus (PCG). There was a sig-
nificant positive correlation between the excited factor (=
0.44, p<0.05, corrected by TFCE; Fig. 2¢) and the ReHo
value in the left precuneus. In addition, the depressed factor
was significantly negative with ReHo value in the right
postcentral gyrus (r=—0.38, p<0.05, corrected by TFCE;
Fig. 2f), and was significantly positive with ReHo value in
the right thalamus (» = 0.50, p < 0.05, corrected by TFCE; Fig.
2g). The results of these voxel-wise correlation analyses are
shown in Table 4.

3

23D
ID335833

Fig.2 The correlation analysis showed the PANSS total score negatively P
correlated with ReHo in the right precentral gyrus (a) and positively
correlated with ReHo in the left thalamus (b), the positive factor
positively correlated with ReHo in the right thalamus (c), the
disorganized/concrete factor positively correlated with ReHo in left
PCG (d), the excited factor positively correlated with ReHo in the left
precuneus (e), and the depressed factor negatively correlated with ReHo
in the right postcentral gyrus (f) and positively correlated with ReHo in
the right thalamus (g). Significant correlations between PANSS and ReHo
were defined as p < 0.05, TFCE corrected after correcting for age, gender,
education, and illness duration. Warm and cool color indicate positive and
negative correlation, respectively

o
&
¢
&
o
8
o

o
»
o
13

@ Springer



Brain Imaging and Behavior (2019) 13:503-513

509

Table 4  Significant correlations between PANSS and ReHo in schizophrenic patients

Correlation Anatomical region MNI coordinate Cluster (voxel)
coefficient r X Y z
Total —0.40 Right Precentral Gyrus 51 -3 27 54
0.49 Left Thalamus -3 =27 15 73
Positive factor 0.45 Right Thalamus 6 -18 21 197
Disorganized/concrete factor 0.38 Left PCG -12 —48 27 33
Excited factor 0.44 Left Precuneus —6 =72 51 28
Depressed factor —-0.38 Right Postcentral Gyrus 57 -12 24 78
0.50 Right Thalamus 9 -21 0 58

Significant correlations between PANSS and ReHo were defined as p < 0.05, TFCE corrected after correcting for age, gender, education, and illness

duration

PCG posterior cingulate gyrus, MNI Montreal Neurological Institute

of the spontaneous activity in a voxel-wise way in naive pa-
tients with FES, as well as its association with clinical symp-
toms. We found that ReHo in left MFG, right precentral gyrus,
left STG, left MTG, and left thalamus was lower in schizo-
phrenic patients compared to controls, while ReHo in left
MFG, left IPL, left precuneus, and left LN was higher.
Furthermore, the correlation analysis revealed that the psycho-
pathology measures significantly correlated with abnormal
ReHo in various brain regions, including the right precentral
gyrus, left thalamus, right thalamus, left PCG, left precuneus,
and right pestilential gyrus. These findings indicate that the
ReHo abnormalities are present even at the early stage of FES.
The ReHo abnormalities could be a potential neural basis for
schizophrenia, suggesting that abnormal regional spontaneous
neuronal activity at rest might contribute to the clinical symp-
toms of the illness.

In this study, we found that widespread ReHo abnormali-
ties in several brain regions in naive patients with FES com-
pared with that of control subjects, which was partly consis-
tent with the results of previous ReHo studies in chronic
schizophrenic (Liu et al. 2006, 2016; Gao et al. 2015; Yu
et al. 2013; Liao et al. 2012), as well as in FES (Chen et al.
2013; Cui et al. 2016). All these findings suggest that wide-
spread disruption of local synchronization of the spontaneous
activity may be involved in the psychopathology of schizo-
phrenia. However, the results from these studies are not the
exactly same. For example, decreased ReHo in the frontal lobe
has been reported in patients with schizophrenia (Liu et al.
2006, 2016). However, some authors failed to replicate the
finding and even found increased ReHo in the frontal lobe
(Chen et al. 2013; Gao et al. 2015; Cui et al. 2016). Several
factors may account for the discrepancy, such as differences in
ReHo analysis, including head motion regression model,
spacial normalize, and nuisance covariates regression; differ-
ent illness courses (acute vs chronic or active phase vs remis-
sion); the subtypes of schizophrenic patients recruited; or the
ethnic heterogeneity.

Most brain regions that showed abnormal ReHo values in
this study belonged to the default mode network (DMN)
(Whitfield-Gabrieli et al. 2009), such as MFG, MTG, IPL,
and precuneus, which was consistent with the findings report-
ed by other studies (Liu et al. 2006, 2016). These findings
indicate that DMN abnormality are present even at the early
stage of FES. DMN is deactivated during a wide range of
attention-demanding tasks but is active during rest with a high
degree of connectivity across the brain regions (i.e., temporal
correlations between brain regions) (Whitfield-Gabrieli and
Ford 2012; Hu et al. 2017). Recently, increasing numbers of
reports have explored the role of the DMN in schizophrenia,
and indicate that abnormalities in the DMN are strongly cor-
related with psychopathology and cognitive deficits of schizo-
phrenia (Hu et al. 2017). Previous imaging studies implied
that frontal lobe dysfunction possibly contributed to the emer-
gence of negative symptoms (Roth et al. 2004; Semkovska
et al. 2001), and the right middle frontal cortex was particu-
larly vulnerable to long-term effects of schizophrenia
(Premkumar et al. 2008). Recently, one study using 3 T imag-
ing and reliable manual parcellation showed that reduced gray
matter volume in the prefrontal cortex was specifically related
to negative symptoms, such as affective flattening, with defi-
cits in cognitive switching (Ohtani et al. 2014). Several neu-
roimaging studies have indicated that temporal lobe abnor-
malities possibly play a prominent role in the emergence of
psychotic symptoms of auditory hallucinations, thought dis-
order, and positive psychotic symptoms in schizophrenia
(Levitt et al. 2010; Shenton et al. 1992). Additionally, delu-
sions of passivity in schizophrenic patients are associated with
hyperactivity together with reductions in gray matter volume
of the IPL (Danckert et al. 2004; Maruff et al. 2005). The
precuneus is the key component of the DMN (Jardri et al.
2013; Mondino et al. 2016; Fair et al. 2008), and one study
has indicated a crucial role of precuneus in visual-spatial im-
agery, episodic memory retrieval, self-processing, and con-
sciousness (Cavanna and Trimble 2006). The present study
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also showed decreased ReHo in the precentral gyrus in schizo-
phrenia, which was consistent with the previous study (Yu
et al. 2013). The precentral gyrus is the key part of the mirror
neuron system, which is believed to play an important role in
social cognition, including perception of facial expressions,
emotions, and individual desires (Jani and Kasparek 2017,
Watanuki et al. 2016). A meta-analysis of neuroimaging stud-
ies (Jani and Kasparek 2017) reported that the precentral gyrus
was more engaged in the schizophrenia patients who per-
formed better in facial emotion perception and less engaged
in the schizophrenia patients who performed worse.
Consistent with findings of previous study (Chen et al.
2013), our results indicated that patients with schizophrenia
had lower ReHo in the STG than control subjects. Decreased
gray matter volumes of the STG in patients with schizophrenia
also demonstrated in a voxel-based morphometry study (Kim
et al. 2017), and reduced gray matter volume in STG was
specifically associated with the psychopathology of schizo-
phrenia. Our findings also showed that ReHo abnormalities
in brain regions, including LN and thalamus, which are in-
volved in the basal ganglia-thalamocortical circuitry. The bas-
al ganglia-thalamocortical circuitry plays a strong role in mul-
tiple aspects of motor, executive/associative function, and
emotion/motivation (Obeso et al. 2014). In conclusion, these
findings indicate that the ReHo abnormalities are present even
at the early stage of FES, suggesting that abnormal regional
spontaneous neuronal activity at rest may contribute to the
pathophysiology of schizophrenia.

The current study has shown that the PANSS scores signif-
icantly correlated with abnormal ReHo in various brain re-
gions, including the right precentral gyrus, left thalamus, right
thalamus, left PCG, left precuneus, and postcentral gyrus,
suggesting that ReHo in distinct brain regions may underlie
different clinical symptoms of schizophrenia. The correlation
between the PANSS total score and the clusters including the
precentral gyrus is not shown in the literature before but ap-
pears understandable based on early research work. Previous
studies have suggested that the precentral gyrus plays a strong
role in social cognition, and the overactivity of precentral gy-
rus can cause emotional processing dysfunction in schizophre-
nia (Jani and Kasparek 2017; Watanuki et al. 2016; Taylor
et al. 2012). Furthermore, a recent study showed that facial
emotion perception was significantly correlated with PANSS
total score (Tseng et al. 2013). Our study provides anatomical
evidence supporting the involvement of disturbed localized
functional connectivity of precentral gyrus in clinical symp-
tom severity in patients with schizophrenia. As the principal
relay station for sensory information destined for the cerebral
cortex, the thalamus is involved in many functions, including
coordinating, planning (Andreasen et al. 1998) and complex
cognition (Simpson et al. 2010). Interestingly, our current re-
sults show that ReHo in the thalamus is significantly correlat-
ed with the PANSS total score, positive factor, and depressed
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factor, respectively. One hypothesis advanced to explain the
variety of symptoms of schizophrenia is that the midline neu-
ral circuits which mediate attention and information process-
ing are dysfunctional; indeed, the ventrolateral and lateral
areas of the thalamus, which project to the cingulate gyrus,
temporal cortex, and parietal cortex, are seen to be most in-
volved (Andreasen et al. 1994). A recent study (Meng et al.
2017) in schizophrenia has shown that the fractional ampli-
tude of low frequency fluctuations of thalamus is likely re-
sponsible for positive symptoms of schizophrenia. Besides,
Kumari et al. (2016) reported depression scores associated
positively with activation of the thalamus during presentation
of facial expressions of fear. Several studies (Garrity et al.
2007; Harrison et al. 2007; Zhou et al. 2007) have revealed
that overactivity of the PCG in patients with schizophrenia at
rest, and positive symptoms concluding hallucinations, delu-
sions, and confused thoughts, were found to correlate with
increased activity in the PCG. Our results regarding a correla-
tion between the PANSS disorganized/concrete factor and
ReHo in the left PCG partly support the above findings. Our
results demonstrated that the PANSS excited factor showed a
significant correlation with the ReHo in the precuneus in
schizophrenia. The excited factor, a simple and intuitive scale
to assess agitated patients, consists of 5 items: excitement,
tension, hostility, uncooperativeness, and poor impulse con-
trol (Lindenmayer et al. 2008). The schizophrenic patients
show significantly reduced effective connectivity from the
precuneus to the amygdala when looking at fearful compared
to neutral faces, and the disconnection may be a factor con-
tributing toward fear related social behavior, especially agita-
tion and aggressive behaviour (Mukherjee et al. 2012). On
some level, the current study demonstrates that the precuneus
plays an important role in the excitement in schizophrenia. A
recent study showed that a significant association between
gray matter volume in the postcentral gyrus with scale values
for depressive symptoms in healthy subjects. Similarly, in our
patient group, significantly negative correlation between the
PANSS depressed factor and ReHo was observed in the right
postcentral gyrus. Thus, postcentral gyrus likely contributes to
the depression in schizophrenicpatients. Taken together, these
findings suggest that disruption in the brain function in differ-
ent brain regions may account for different core symptoms of
schizophrenia early in the course of illness. However, given
that the data on relationship between ReHo values and clinical
variables in FES are sparse,the picture emerging is that these
findings deserve further validation in patients with FES.
Several limitations necessitate caution when interpreting
the results of the current study. Our sample size of participants
is still relatively small although it is comparable to most fMRI
studies in FES to date. Future studies with larger samples and
multiple centers are desirable to confirm our findings. Also,
owing to the cross-sectional design, we can not conclude the
exact progressive features of these brain alterations in patients.
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Future longitudinal studies may help provide further insight
into whether ReHo deficits are a cause or a consequence of
schizophrenia. Another note is that, although a voxel-based
approach has an advantage in terms of objectivity and no
intentional measurements, it could come at the price of poten-
tial registration or normalization errors. Lastly, the patients
who were not able to keep the head still were excluded from
the study, raising the possibility that our results are not repre-
sentative of all patients with schizophrenia.
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